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NOMENCLATURE

A bundle flow area

D hydraulic diameter - 0.0106 m (0.0348 ft) for THTF test section

f(X) function of quality in Groeneveld 5.7 equation

G mass flux

h heat transfer coefficient

h_ latent heat of vaporization
fg

Ah inlet subcooling

I subnumber of levels used in stratified sampling technique

i current

k thermal conductivity

P pressure

Pr Prandtl Number

Q heat flow rate at any location

R rod linear resistance

r radius

/GDe
Re Reynolds number I

V H

T temperature

V volumetric flow

X equilibrium quality

X actual flow quality

Greek

a void fraction

u viscosity

p density

ax uncertainty in the parameter x
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Subscript s

B bulk vapor conditions

b burnout (dryout)

BN boron nitride

c correlation (corr)

con contact resistance

e experimental (exp)

f saturated liquid conditions

fl film

G at level G

g saturated vapor conditions

GD Groeneveld-Delorme

i index

is inside sheath

0 inlet

s saturation

ss stainless steel

surf rod surface

TC thermocouple

v actual vapor conditions

w rod surface

Supercripts

' per unit length

'' per unit area

* perturbed value
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SUMMARY

A series of steady state experiments (test series 3.07.9) were com
pleted October 1, 1981, at the Oak Ridge National Laboratory Thermal-Hy
draulic Test Facility. The tests provide steady state film boiling heat
transfer data in rod bundle geometry. The data are to be used in assess
ing film boiling heat transfer correlations used in reactor analysis
codes. The experiments conducted were high-pressure and high-temperature
steady state tests with water flowing upward through an 8 x 8 rod bundle.
The rod bundle used in the experiments contains four unheated rods and has
a flat axial power profile. The heated pin diameter and rod pitch are
typical of later generation presurized-water reactors with 17 x 17 fuel
assemblies. The bundle is heavily instrumented with thermocouples, and
two flow measurement sites are positioned at each end of the test section
containing the rod bundle.

Equilibrium fluid conditions within the bundle can easily be calcu
lated using mass and energy conservation considerations. Accurate calcu
lations are possible because of the steady state nature of the tests. How
ever, nonequilibriurn conditions probably exist within the bundle, and a
more sophisticated calculational method is needed if actual bundle fluid
conditions are desired.

Comparisons were made between experimentally determined heat transfer
coefficients (heat fluxes), those determined from six film boiling corre
lations, and one single-phase vapor correlation. These correlations are:

1. Dougall-Rohsenow,

2. Dougall-Rohsenow (wall Prandtl number),
3. Groeneveld 5.7,
4. Groeneveld 5.9,

5. Condie-Bengston IV,
6. Groeneveld-Delorme, and
7. Dittus-Boelter.

Uncertainties in experimental heat transfer coefficients and in three film
boiling heat transfer coefficients were also calculated (Dougall-Rohsenow,
Groeneveld 5.9, and Groeneveld 5.7).

A comparison between results of the steady-state film boiling tests
and the three transient film boiling tests (3.03.6AR, 3.06.6B, and 3.08.6C)
indicates that conclusions are similar for all the tests. The heat trans
fer coefficients of the Dougall-Rohsenow correlation are often high (by as
much as a factor of 2.5) compared with experimentally determined heat
transfer coefficients discussed in this report. This is possibly caused
by thermodynamic nonequilibrium in the flow. Because the Dougall-Rohsenow
correlation is basically a Dittus-Boelter correlation for vapor (not ac
counting for wall-to-liquid heat transfer and assuming perfect vapor-to-
liquid heat transfer), an error in the fluid quality will result in an
error in the vapor Reynolds number (Re = G X D /u a) used in the correla
tion. Therefore, the heat transfer coefficientCproduced would be in er
ror. Nonequilibrium also implies that liquid can be present in the flow
when equilibrium qualities are >1. This also reduces the vapor Reynolds



number compared with equilibrium assumptions and would cause the Dittus-
Boelter single-phase vapor correlation (assessed only when equilibrium
quality was >1) to overpredict heat transfer coefficients. The Groeneveld
5.7, Groeneveld 5.9, and Condie-Bengston IV correlations perform better
than the Dougall-Rohsenow correlation. The Groeneveld-Delorme correlation
predicts heat fluxes lower than experimental fluxes near dryout but im
proves as the distance from dryout increases.
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ABSTRACT

Assessment of six film boiling correlations and one single-
phase vapor correlation has been made using data from 22 steady
state upflow rod bundle tests (series 3.07.9):

1. Dougall-Rohsenow,
2. Dougall-Rohsenow (wall Prandtl number),
3. Groeneveld 5.7,
4. Groeneveld 5.9,
5. Condie-Bengston IV,
6. Groeneveld-Delorme, and
7. Dittus-Boelter.

Bundle fluid conditions were calculated using energy and
mass conservation considerations. Results of the steady state
film boiling tests support the conclusions reached in the analy
sis of prior transient tests 3.03.6AR, 3.06.6B, and 3.08.6C.
Comparisons between experimentally determined and correlation-
predicted heat transfer coefficients indicate that the Dougall-
Rohsenow correlation often overpredicts the heat transfer coef
ficient, while the Groeneveld 5.7, Groeneveld 5.9, and Condie-
Bengston IV correlations tend to be in better agreement with the
data. The Groeneveld-Delorme correlation underpredicts heat
fluxes near dryout but improves as distance from dryout in
creases. The Dittus-Boelter correlation, which tends to over-
predict the heat transfer coefficient, was evaluated only when
equilibrium qualities were >1.

1. INTRODUCTION

In flow boiling systems, a transition in flow pattern occurs when the
liquid becomes depleted at the heated (or hot) surface. This is the dry-
out or burnout point, which signals a significant change in the type of
heat transfer mechanism important at the surface. Upstream of dryout,
heat transfer is primarily from the surface to the liquid in contact with
it, resulting in high heat transfer coefficients and low surface tempera
tures. Downstream of dryout, heat transfer is primarily to the vapor, and
heat transfer coefficients are much lower with correspondingly higher sur
face temperatures. Surface temperatures downstream are high enough to
prevent intimate liquid-surface contact and can cause material failure.



Therefore, characterization of the heat transfer in this regime, termed

the film boiling regime, is very important.
A significant amount of film boiling experimental data is available.

Single-tube experiments for both water1-3 and refrigerants,4-6 along with
tube bundle experiments with water as coolant,7 have been conducted and

used in developing dispersed flow predictive schemes.
In general, analysis techniques fall into two categories, correla

tional and phenomenological.
Correlational techniques have been used by several investigators.

Typically, the correlation takes the same form as a single-phase heat
transfer coefficient

Nu = A Rea Prb ,

with modifications to account for such factors as slip in the flow and
local vapor velocity. A good review of such correlations is presented in

Ref. 8.

Phenomenological techniques have also been used to predict film boil
ing heat transfer. This type of analysis usually involves integrating the
two-phase transport equations stepwise along the flow path beginning at
the dryout point. Some analyses include drop-wall effects,',10 while
others assume that these effects are negligible.1 This type of analysis
has also been used for various fluids other than water11,12 and has met

with varying degrees of success.
Both Chen1J and Groeneveld14 have attempted to combine the correla

tional and phenomenological techniques. Both assume that a single-phase
heat transfer coefficient can adequately describe the heat transfer in
film boiling. A correlation for actual quality (including the effects of
nonequilibrium) is then developed based on known flow conditions.

This report compares several of the correlational models with experi
mental data.

A series of 22 steady state film boiling experiments (test series
3.07.9) was completed October 1, 1981, at the Oak Ridge National Labora
tory (ORNL) Thermal-Hydraulic Test Facility (THTF). These experiments
provided steady state data for rod bundle film boiling over a range of
flow conditions. Tests such as these provide accurate bundle fluid condi
tions and rod surface conditions to assess or develop film boiling heat
transfer correlations. These tests also provide a means of obtaining data
in the high-flow film boiling data ranges requested by the Nuclear Regula
tory Commission (NRC) Office of Nuclear Reactor Regulation (NRR).15 This
report presents an evaluation of steady state rod bundle post-critical
heat flux (CHF) heat transfer. The following seven correlations are as

sessed in this document:

1. Dougall-Rohsenow,1*
2. Dougall-Rohsenow [wall Prandtl number (Pr)],17
3. Groeneveld 5.7,1*

4. Groeneveld 5.9,1*

5. Condie-Bengston IV,19
6. Groeneveld-Delorme,14 and

7. Dittus-Boelter.20



The experimental data were obtained from high-pressure, high-tempera
ture, steady state tests with water flowing upward through the rod bundle.
Assessments of the seven correlations were made for all the steady state
tests. The test conditions for each run are shown in Table 1.

Table 1. THTF steady state upflow film boiling data ranges

Pr(assure Mass flux Average heat flux

Test h X
o

X
G

MPa (psi) kg/m'-s [lb /(ft2-h) x 10
m

s] kW/m1 [Btu/(ft*-h) x 10J]

B 12.76 (1849.4) 713 (5.25) 910 (2.9) 0.373 -0.107 1.039
C 12.46 (1805.3) 334 (2.46) 560 (1.8) 0.684 -0.179 1.320
D 12.75 (1847.3) 518 (3.81) 690 (2.2) 0.541 -0.154 1.052
E 13.2 (1908.0) 593 (4.37) 710 (2.3) 0.482 -0.155 0.950
F 12.62 (1829.6) 255 (1.88) 380 (1.2) 0.886 -0.180 1.175
G 12.54 (1817.6) 249 (1.84) 320 (1) 0.929 -0.171 0.995
H 8.89 (1288.9) 256 (1.89) 417 (1.3) 0.870 -0.146 1.088
I 9.19 (1331.5) 362 (2.67) 550 (1.8) 0.881 -0.087 1.087
J 13.37 (1937.3) 732 (5.4) 770 (2.4) 0.406 -0.157 0.819
K 4.38 (634.8) 226 (1.66) 440 (1.4) 0.883 -0.128 1.101
L 8.30 (1202.5) 527 (3.88) 770 (2.5) 0.794 -0.082 1.005
M 8.57 (1242.1) 657 (4.84) 870 (2.8) 0.742 -0.061 0.936
N 8.52 (1234.2) 806 (5.94) 940 (3.0) 0.662 -0.056 0.815
0 5.98 (866.7) 307 (2.26) 530 (1.7) 0.874 -0.071 1.088
P 6.03 (874.3) 520 (3.83) 810 (2.6) 0.771 -0.029 1.018
Q 6.53 (946.7) 325 (2.4) 560 (1.8) 0.838 -0.067 1.118
E 6.57 (952.4) 363 (2.68) 640 (2.0) 0.846 -0.073 1.130
T 11.89 (1723) 240 (1.77) 320 (1) 0.967 -0.135 1.025
U 11.69 (1694.4) 241 (1.78) 320 (1) 0.940 -0.127 1.013
V 12.04 (1744.6) 249 (1.84) 320 (1) 0.957 -0.151 0.986
W 12.55 (1819.5) 256 (1.89) 380 (1.2) 0.882 -0.177 1.170
X 6.01 (871.5) 344 (2.54) 590 (1.9) 0.856 -0.026 1.126

Chapter 2 contains a description of the THTF and the experimental
procedure. The data reduction scheme is presented in Chap. 3, and correla
tion comparisons are presented in Chap. 4. The conclusions are discussed
in Chap. 5. A summary of the transient film boiling experiments conducted
in the THTF is given in Appendixes A (test 3.03.6AR), B (test 3.06.6B),
and C (test 3.08.6C). Appendix D contains experimental data and correla
tion comparisons for all the tests in the steady state test series.



FACILITY DESCRIPTION AND EXPERIMENTAL PROCEDURE

The steady state upflow film boiling experiments (test series 3.07.9)
were conducted with the THTF slightly altered from its standard configura
tion to that shown in Fig. 1 and diagramed in Fig. 2. Notice that the al
teration involves locating the pressurizer connection in the pump bypass
line rather than just beyond the horizontal outlet spool piece (Fig. 2).
The THTF is a heavily instrumented nonnuclear pressurized-water loop con
taining 64 full-length [3.66-m (12-ft)] rods arranged in an 8 x 8 bundle
[D = 0.0106 m (0.0348 ft)]; 60 of the rods are electrically heated. The
instrumentation located in the outlet nozzle, vertical outlet, and ex

ternal downcomer spool pieces is listed in Table 2.
Rods 19, 22, 36, and 46 are the four unheated rods in the 8x8 bun

dle, as shown in Fig. 3. Rod 32, normally a heated rod, failed during the
testing. Rods 19 and 22 contain thermocouples that extend a short dis
tance from the rod surface into the fluid and thus measure in-bundle fluid

ORNL-DWG 81-1964 ETD

HEAT EXCHANGERS

HEATER RODS

INSTRUMENT

SPOOL PIECES

RUPTURE

DISKS

TEST SECTION

PRESSURIZER

PRESSURE

SUPPRESSION TANK

Fig. 1. THTF configuration.
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Fig. 2. Diagram of THTF.
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Table 2. Instrumentation located in selected spool pieces

Instrument
Outlet nozzle

spool piece
Vertical outlet

spool piece
External downcomer

spool pieces

Turbine meter FE-202 FE-216 FE-250

FE-260

Drag target FMFE-206 FMFE-220 FMFE-264

Pressure tap PE-209 PE-224 PE-258

Thermocouple TE-208 TE-222 TE-256

Densitometer DE-204 DE-218 DE-20
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SI. S2 S3 S4 S5 S6 S7 S8 ^-L S9

1 2 3 4 5 6 7 8 )—

S10 S11 S12 S13 S14 S15 S16 S17 ZLS18

9 10 11 12 13 14 15 16 J—

S19 S20 S21 S22 S23 S24 S25 S26 ~X S27

17 18 y?9/ 20 21 v22// 23 24 )

S28 S29 S30 S31 S32 S33 S34 S35 jLS36

25 26 27 28 29 30 31 32 J—

S37 S38 S39 S40 S41 S42 S43 S44 JLS45

33 34 35 fa// 37 38 39 40 J

S46 S47 S48 S49 S50 S51 S52 S53 JTS54

41 42 43 44 45 /A% 47 48 J—

S55 S56 S57 S58 S59 S60 S61 S62 jTs63

49 50 51 52 53 54 55 56 )

S64 S65 S66 S67 S68 S69 S70 S71 ZLS72
57 58 59 60 61 62 63 64 j

S73 S74 S75 S76 S77 S78 S79 S80 |S81

^ INACTIVE RODS

Fig. 3. Identification of THTF heater rods, subchannel locations,
and inactive rods in THTF heater bundle 3.

temperature. In-bundle fluid temperature is also measured using thermo
couples mounted on the spacer grids (Fig. 4). Rods 36 and 46 contain
gamma densitometer instrumentation for measuring in-bundle fluid density.
The axial locations of the fuel rod simulator (FRS) thermocouples are
shown schematically in Fig. 4. The heated pin diameter is 0.0095 m (0.374
in.) and rod pitch is 0.0127 m (0.501 in.) on a square lattice, typical of
later generation pressurized-water reactors (PWRs) with 17 x 17 fuel as
semblies. The axial and radial power profile is flat. Figure 5 shows a
simplified cross section of a typical FRS.

During steady state operation of the THTF, fluid flows from the pump
(Fig. 2) through two flow control valves, through the horizontal inlet
spool piece, past the inlet rupture disk assembly, and through a vertical
spool piece before it enters the external downcomer. Fluid then passes



SPACER GRID T/C ROD T/C
DESIGNATION LEVEL

TE296X

TE295X-
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TE293X-
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H —
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LEVEL cm (in.)

366 (144)—|
POWER

DISTRIBUTION
363 (143)

358 (141)

351 (138)

345 (136)

340 (134)

— 335 (132)

328 (129)
-320 (126)

312 (123)
-302 (119)

297 (117)
290(114)

284 (112)

274 (108)

267 (105)
•259 (102)

251 (99)
241 (95)

213 (84)

183 (72)

163 (64)

— 157 (62)

152 (60)

147 (58)

142 (56)

122 (48)

91.4 (36)

63.5 (25)

30.5 (12)

3.81 (1.5)

Fig. 4. Axial location of spacer grids and FRS thermocouples.
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HEATING ELEMENT

0.05 cm TC

Fig. 5. Cross section of a typical FRS.

through two spool pieces in the downcomer before it enters the test sec
tion, where it is heated as it flows past the rods. The fluid leaves the
test section from the upper plenum, passes through the three outlet spool
pieces, passes through the heat exchangers, and returns to the pump.

Inlet flow for each steady state test was established, and the loop
was adjusted to provide the desired inlet fluid temperature and inlet
pressure. The bundle power was then increased until the dryout point was
at the desired position in the bundle. The steady state operating point
was assumed to have been reached when operating pressure and rod surface
temperatures stabilized. Instruments were scanned for 20 s during each
experiment. Standard deviations of the rod voltage and current during the
scans were on the order of 0.1 V and 0.2 A, respectively. Of the tests
presented in this report, rod 32 did not function properly during tests B,
C, D, E, and J.



DATA REDUCTION

Characterization of bundle heat transfer requires knowledge of both
rod surface conditions and local fluid conditions. Two heat transfer
coefficients can be defined, depending on the intended use of these equa
tions:

h — _ _ ,
s T - T

w s

Q'

where T is the saturation temperature, and

*B
Q'

W B

(1)

(2)

where Tfi is the bulk vapor temperature. These equations will be equiva
lent when the equilibrium quality is <1.

Accurate surface conditions are ensured by careful measurement of rod
parameters, such as heater cross-sectional areas, rod dimensions, and rod
liner resistance. Rod resistance (a function of temperature) along with
measured rod current are used to calculate local heat flux:

Q" =
R(T)

2 n r (3)

Rods are calibrated in situ, and values for local boron nitride ther
mal conductivity, thermocouple contact resistance, and thermocouple bead
position are determined.*1.22 These values and the linear heat flow rate
are used in a numerical one-dimensional conduction equation to calculate
the rod surface temperature when the measured inside sheath temperature is
known. The analytical form of the equation follows:

In
is

T = T,
TC 2n

TC

^N r. h
is con

In
r.
is

(4)

Local fluid conditions are calculated from a steady state energy bal
ance using measured inlet conditions T and V and assuming negligible
pressure drop through the bundle. The°bundle°inlet fluid is always sub-
cooled to ensure accurate measurement of inlet volumetric flow. Measured
bundle pressure and inlet temperature are used to calculate the inlet
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enthalpy. The total heat absorbed by the fluid up to the point of inter
est is calculated by adding the contribution from each individual rod on
a level-to-level basis.

An energy balance at any axial location then yields an equation for
equilibrium quality in terms of known parameters:

X =
pVL
o o fg

Ah

h
fg

(5)

The equilibrium quality defined by Eq. (5) may yield qualities >1
because it is a thermodynamic rather than a mass-based quality. Once
equilibrium quality and pressure at any location are known, equilibrium
fluid properties at that location are also known.

Experimental heat transfer coefficients [Eqs. (1) and (2)] are
calculated only when rod surface temperatures are 222°C (400°F) above
the saturation temperature to ensure that film boiling exists on the rod
surface.

Seven heat transfer coefficient correlations were evaluated for com
parison with the experimental heat transfer coefficient. A compilation
of these correlations follows. Also included is the appropriate experi
mental heat transfer coefficient (included in parentheses) used for com
parison with correlation-predicted values. The Groeneveld-Delorme cor
relation-predicted heat flux is compared with the experimental heat flux.
Dougall-Rohsenow (h ) is calculated by:

h = 0.023 r* Pr0-4c De g
Re

PgX + -* (1 - X)

Dougall-Rohsenow (wall Pr) (h ) is calculated by:

hc =0.023 ^Pr-< Reg
e

X + -* (1 - X)

Groeneveld 5.7 (h ) is calculated by:
s

0.052 / Pr1-2* Reg
e

X + -* (1 - X)
Pf

o .»

10.68$

h =
c

O .4 1.0«

1.0 - 0.1 (i - x)°-4 [j- - 1

(6)

(7)

(8)
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Groeneveld 5.9 (h ) is calculated by:

0.00327 r1 Pr1**2
D w
e

Re
g

x + -* (i - x)
0.901

h =
c

1.0 - 0.1 (1 - X)»-4 f— - 1
1.5

Condie-Bengston IV (SI units) (h ) is calculated by:

fcO.4593 pr*.25»« Reto.6249+0.804» In (X+l)]
h = 0.05345

c
00.8095 (J + 1)1.0514

Groeneveld-Delorme (Q'*) is calculated by:

Q" = 0.008348
c D

fl
GD

lfl

X + -*
a Pa

(1 - X )
a

0.8774

(9)

(10)

x PrOj*112 (Tw ~ Ty) , (11)

where X& and T^ are determined from a correlation dependent on flow and
saturated fluid conditions.

One single-phase vapor correlation is also evaluated when equilibrium
quality is >1. Dittus-Boelter (1l) is calculated by:

^Bhc = 0.023 f Reg-Pro.*
e

(12)

Uncertainties in the fluid and surface conditions were used to calcu
late uncertainties in both the experimental and correlation heat transfer
coefficients. Uncertainty analysis was carried out for the Dougall-
Rohsenow, Groeneveld 5.7, and Groeneveld 5.9 correlations.

3.1 Uncertainty Analysis

Uncertainties in rod surface conditions (T , Q'') are calculated
w

using Eqs. (3) and (4). The method of propagation of errors21 is used
along with uncertainties for the various independent parameters to arrive
at uncertainties in local heat flux and surface temperature. Typical
values of independent variable uncertainties are shown in Table 3.
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Table 3. Typical uncertainties for
independent variables

Variable Uncertainty, 1<j

h , %
con

100

i, % 0.425

kBN<* 15

k , %
ss

5

R, % 5.5

r. , m (ft)
is

5.6 x 10-' (1.8 x 10-')

r ., m (ft)
surf

1.3 x 10-' (4 x 10-5)

rTC , m (ft) 4.5 x 10~s (1.5 x 10-*)

T, °C (°F) 4 (7)

To determine the uncertainties of the calculated heat transfer coef
ficients (both experimental and correlation), the method presented in
Ref. 24 is employed. The application of this method for a test case of
the experimental heat transfer coefficient [Eqs. (1) or (2)] is outlined.

For purposes of this analysis, the input parameters have uncorrelated
errors. The parameters themselves may be related. Suppose the input
parameters included T and T , the bundle inlet temperatures. Obviously,
T has some dependence on T . The uncertainties of T and T are not
w o wo
correlated because they are measured by separate instrumentation. Inde
pendence of input uncertainties is a requirement for application of the
uncertainty analysis outlined here.

Consider the second-order Taylor expansion of the equation for the
experimental heat transfer coefficient. If the values of P, T^, and 0''
are perturbed by amounts AP, AT , and AQ", then the resulting h* is ap-

... w e
proximated by:

dh dh dh

he*=he+ if AP+^FATw +ib^AQ"
w

32h 33h d2h

+ iplf" APATw +i?^ APAQ" +iFiS^ ATwAQ"
w

♦*
32h 32h 3ah

—~ (AP)2 + ~ (AT )2 + ~ (AQ")2
°V 3T 2 W 3Q''2

(13)

The partial derivative terms are the sensitivity coefficients of h with
respect to the input parameters. To approximate these derivatives, mul
tiple calculations of h are performed.

First, the nominal value of h is calculated at the set of input

parameters (P, T , and Q''). Each input parameter is varied, one at a
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time, by plus or minus one standard deviation, and h is calculated. This
requires a total of seven calculations and yields six sensitivity coef
ficients. For example, let h„ be the value of h at (P + oP, T , and

Q"), and let h _ be the value of h at (P - aP, T , and Q''). Solution
—r e w

of the Taylor expansions of hp and h _ yield:

and

9he hp"h-P

3P 2oP

32h h„ + h _ ~ 2h
e _ P -P e

3P2 (ap)2

(14)

(15)

The coefficients for T and Q'' are obtained in a similar manner.
w

The mixed derivative coefficients require three more calculations of
h . Two input parameters are now varied by plus one standard deviation,

c

is the value of h_ at (P + oP, T + oT , and Q"), then the corre-If T»,TW * e w
sponding sensitivity coefficient is found

6*li h„ „, - h„ - b_ + h
e P,T P T e

__. w w

3P3T _ oP <xT
(16)

The relationship of the input uncertainties and sensitivity coeffi
cients to the uncertainty of h is given by:

(oh ) =
e

dh
e

dP
aP

(J\
\3P3Q— crPoQ'

/dh

+K"Tw) +Uo^aQ"
dh

dh

Wl£r7aTv°Q"J +2

dh

aTdT ffPffTw

32h d2h
e e

dP2 dT 2
w

(oPoT )2

d2h d2h d2h d2h

+-^W^ <<*<*")* +W^W^ (^waQ")2

+ 4

d2h \2 /d2h \2

* (°-P)4 + \^TT) (oT )4 +dP2 3T

d2h
e

dQ"2
(aQ")4 (17)
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The first three terms contain over 99% of the contribution to (oh )2.
The expression for h is a smoothly varying function of the input parame
ters; thus, all second-order sensitivity coefficients are small, and the
use of a second-order Taylor expansion for h is valid.

The method of propagation of errors mentioned previously also uti
lizes a Taylor series expansion to determine the uncertainty in the depen
dent variable. However, it includes only first-order derivatives [i.e.,
terms like the first three terms in Eq. (17)], which are obtained by
direct differentiation.

Evaluations of the uncertainties for the Dougall-Rohsenow and Groene
veld heat transfer coefficients are performed similarly. However, the
correlations are slightly reformulated. Typically, heat transfer correla
tions are expressed as functions of mass flux G and equilibrium quality X.
For the steady state tests, G and X are calculated from values of inlet
temperature T , volumetric flow rate V , pressure P, and bundle power Q.
Thus, G and X°are strongly correlated. To overcome this, the equations
for G and X are substituted into the correlations for the sensitivity
analysis. The expression used for G is

P V
G = -2-2 (18)
b A '

Equation (5) is used for evaluation of X.
Because the correlative heat transfer coefficients have more input

parameters, the application of this uncertainty analysis requires more
calculations of h . For N input parameters, 1/2 N (N + 3) + 1 calcula
tions of h are required to yield all first- and second-order sensitivity
coefficients. Thus, 15 calculations of the Dougall-Rohsenow hc and 21
calculations of the Groeneveld h were necessary at a given set of steady
state test conditions. Also, additional coolant properties were used for
the correlative h . For example, six values of the wall Prandtl number

Pr at these combinations of pressure and temperature are used: (P, T );
(PW+ <rP, T ); (P " <rP, T ); (P. T + oTw); (P, Tw - oTJ; and (P + oP,
Tw +oTw)7

Note that uncertainties in coolant properties, such as oPr^, need not
be considered explicitly in this analysis. Uncertainties in the input
steady state test conditions are directly propagated through the property
values to contribute to oh . Because Pr (and similar quantities) would

c w .

be calculated from measured data, propagation of measurement uncertainties
through the calculation includes propagation through the Pr^ calculation.

A particular modification to the uncertainty analysis was necessary
for the Groeneveld correlations. Consider the quality-dependent term

f(X) in the Groeneveld 5.7 equation:

f(X) =

pg
X + — (1 - X)

Pf

0.688

1 - 0.1 (i - X)0-4 I— - 1

0 .4 1.0 c '
(19)
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In the range X = 0.93 to 1.0, f(X) is strongly nonlinear. All orders of
derivatives of f with respect to X approach negative infinity as X ap
proaches 1.0. Use of a second-order Taylor series expansion in this in
terval causes oh to become increasingly large as X increases, until oh

C Q
becomes infinite at X = 1. However, oh is bounded by using an alternate
procedure in this range of qualities. First, the uncertainty is calcu
lated using the Taylor series expansion. Then, the two sets of input
parameters that yield the maximum and minimum values of h are found.
These parameters are the test conditions, perturbed by plus or minus one
standard deviation. With a high probability, the difference in the maxi
mum and minimum values of h is >2 oh . Therefore, oh from the Taylor

c C C

expansion is compared with the upper limit on oh ; the value of oh then
is set to the lower of the two values. c c

A set of computer routines was created to implement this uncertainty
analysis for the steady state tests. These routines accepted as basic
input the values of P, Vq, T , Q", T , and the bundle power distribution.
The bundle power distribution was expressed as average nodal powers with
the bundle detailed in seven nodes. The individual nodal powers and their
uncertainties were combined to yield the total power delivered to the
fluid Q and its uncertainty at the axial level of interest. The routines
also calculated G, X, T , and their uncertainties. As before, the uncer
tainties oG and oX need not be included explicitly in the calculation of
oh because the uncertainties in the measured quantities are propagated
through the calculation. Coolant properties were evaluated using WATERS,
a computer package for water and steam physical properties. Within the
range of test conditions, the percentage error of WATERS properties com
pared with American Society for Mechanical Engineers (ASME) Steam Table
values was <1%. The uncertainty in the coolant properties yielded a neg
ligible contribution to the evaluated oh.

A set of input parameters typical of the steady state test series is
given in Table 4. The uncertainties are given in terms of one standard
deviation and fractional standard deviation (fsd) values. Included in
these are uncertainties in T and Q'', which have fsd values that are rep
resentative of the entire test series. The heat transfer coefficients and
their associated uncertainties for this set of sample input are given in
Table 5.

To verify the routines used to calculate the heat transfer coeffi
cient uncertainties, an entirely different method was used to analyze the
set of test conditions in Table 1. The method used was the Factorial

Stratified Sampling (FSS) method.25 The FSS technique can be considered
an analog method.

To implement the FSS method, a larger set of input parameters is gen
erated for each uncorrelated input parameter. The number of values for
each input parameter is called the number of levels I. For instance, if
I = 10 and the input parameters P and oP are given, then a new set of ten
input pressures P. is generated. The P are distributed about P so that

the frequency distribution of the P. follows the normal distribution
curve. If the normal distribution curve is integrated between two ad
jacent P. values, 10% of the total area under the curve is obtained.

Thus, there is a 10% chance that the true value of P lies in the interval
between two adjacent P. values. The set of P. may be considered to be an
ideal simulated set of I measurements of P, made at the steady state test
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Table 4. Typical steady state test
parameter uncertainties

Parameter Value Uncertainty*2

P, MPa

psi

8.9

1205.5

0.0414 (0.005)

6.0

V , m3/s

° ft»/s
0.0043

0.15083

9 x 10-* (0.022)

0.00332

Q", kW/m2

Btu/h.ft2

788.15

2.5 x 10s

43.35 (0.055)

1.375 x 104

T , °C
° oF

275.7

528.4

2.22 (0.008)

4.0

T , OC
W oF

687.4

1269.4

11.0 (0.016)

19.8

Q, kW

Btu/s

2647.9

2511.3

76.0 (0.029)

72.1

Uncertainty values are given as one
standard deviation; values in parentheses re

fer to the fractional standard deviation.

Table 5. Sample heat transfer coefficient
and uncertainties

Coefficient Value Uncertainty0

Dougall-Rohsenow, kW/m2 °C 2.507 0.067 (0.0265)

Btu/h ft2 °F 441.72 11.720

Groeneveld 5.7, kW/m2 °C 1.397 0.026 (0.0183)

Bth/h ft2 °F 246.12 4.515

Groeneveld 5.9, kW/m2 oc 1.232 0.029 (0.0237)

Bth/h ft2 °F 217.04 5.153

Experimental, kW/m2 °C 2.021 0.125 (0.0619)

Bth/h ft2 °F 356.15 22.032

Uncertainty values are given as one standard de

viation; values in parentheses refer to the fractional
standard deviation.
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The Dougall-Rohsenow correlation was developed from the single-phase
Dittus-Boelter equation using the actual vapor velocity based on the
equilibrium quality. Therefore, it assumes perfect vapor-to-liquid heat
transfer and does not account for drop-wall interactions.

The Groeneveld 5.7 and 5.9 equations, along with the Condie-Bengston
IV correlation, were correlated using dispersed flow heat transfer data.
Therefore, they would partially account for the nonequilibrium in the flow
and the presence of droplets.

The Groeneveld-Delorme correlation was also developed from dispersed
flow data. It explicitly accounts for nonequilibrium within the flow and
contains a correlation for actual quality as a function of flow condi
tions.

The third section presented shows heat transfer correlation compari
sons and uncertainties when equilibrium qualities are >1. Both experi
mental heat transfer coefficients based on (T — T ) and experimental co
efficients based on (T - T ) are tabulated. WCorrllations in this table
are (1) Dittus-Boelter heat transfer coefficient, (2) Condie-Bengston IV
heat transfer coefficient, and (3) Groeneveld-Delorme heat flux.

The Dittus-Boelter correlation is a single-phase heat transfer coef
ficient developed from several types of single-phase data. The Condie-
Bengston IV and Groeneveld-Delorme equations were described previously.

The fourth and fifth sections for each test present information for
the intermediate-level thermocouples (El, E2, E3, E6, E7, E8, Fl, F2,
F3, F4, F5, F6, F7, and F8). The values for kg , h , and r used in
Eq. (4) are calculated from data taken while exposing the rods to known
conditions. The calculation procedure assumes that a single-phase heat
transfer coefficient is applicable when water alone is flowing through the
heated bundle. This heat transfer coefficient includes no grid spacer
effects; thus, the calculation of rod properties would tend to wash out
some of the grid effects present during testing. The error in surface
temperature caused by this effect is estimated to be on the order of 6°C
(10°F); however, because it is only approximate, uncertainties listed in
the tabulation do not reflect this error.

The fourth section presents intermediate-level information for equi
librium qualities that are <1. The same correlation comparisons are pre
sented as in the second section.

The fifth section presents intermediate-level information for equi
librium qualities that are >1. The same correlation comparisons are pre
sented as in the third section.

Please note that values from rod 54 were not presented for any tests.
Centerline thermocouples that are used in the rod property calculation
procedure were not functioning properly in rod 54. This led to high un
certainty values in surface conditions, although the absolute values of
the surface conditions were reasonable. Rod 54 is used in the grid spacer
section presented later in this report because the calculational technique
used when analyzing grid spacer effects differs from the normal calcula
tion technique.

Axial conduction within the rods near the dryout point is not con
sidered in the data reduction procedure. Calculations were performed to
investigate this phenomena by treating the rod as a semi-infinite fin with
the base temperature at the saturation temperature and a constant heat
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transfer coefficient on the surface. For typical surface heat transfer
coefficients, axial conduction effects are present for distances <2.5 cm
(1 in.) from dryout. Rod thermocouples in the THTF are spaced at a mini
mum of 5 cm (2 in.) apart. Because the exact point of dryout can only be
identified to within +2.5 cm, some thermocouples near dryout can include
this effect. Appendix D contains information that identifies (1) the
highest level where all thermocouples are wet, (2) the lowest level where
all thermocouples are dry, and (3) the ratio of the number of wet thermo
couples to the total number of thermocouples monitored for levels between
the all-wet and all-dry levels.

Several rods are constructed with thermocouples positioned at differ
ing azimuthal locations (Fig. 5) and the same axial level. Thus, rods may
have multiple entries in the tables at one level.

Results of tests typical of the series are also shown as plots of the
correlation-predicted heat transfer coefficient (heat flux) vs the experi
mental heat transfer coefficient (heat flux) in Figs. 6—53.

Any data point lying above and to the left of the diagonal line in
the figures indicates that predicted heat transfer coefficients (heat
fluxes) are lower than the experimentally measured heat transfer coeffi
cients. Data lying below and to the right indicate an overprediction of
the heat transfer coefficient (heat flux).

Each vertical data string represents one axial level. The scatter in
the data is primarily caused by radial variations in the fluid conditions
and their effect on surface temperatures, because uncertainties in experi
mental heat transfer coefficients (shown as one standard deviation error

1.135

ORNL-DWG 81-21844 ETD

D-R PREDICTED HEATTRANSFER COEFFICIENT (kW/m2-K)
2.270 3.406 4.541 5.676 6.811

1300 -

1200 -

; 1100
i

i 1000

; 900

: 8oo

> 700
i

: 600
j

; 500

; 400

'. 300

200

P= 12.76 MPa (1849.4 psi)

G=712.4 kg/m2-s (5.25 X105 lbm/ft2-h)
Q = 913.5 kW/m2 (2.9 X 105 Btu/ft2-h)

1.135

200 300 400 500 600 700 800 900 1000 1100 1200 1300

D-R PREDICTED HEATTRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fie. 6. h vs h for Dougall-Rohsenow, test B.
6 exp corr



1.7030

700

21

ORNL-DWG 81-21845 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)
2.1860 2.6690 3.1520 3.6350

P= 12.76 MPa (1849.4 psi)

G=712.4 kg/m2-s(5.25 X105 lbm/ft2-h)
Q = 913.5 kW/m2 (2.9 X 105 Btu/ft2-h)

- 3.4360

LU

3.0894 y

O
- 2.7428 <->

I-
I

2.3962

2.0496 2

1.7030

300 350 400 450 500 550 600 650

GR57 PREDICTED HEAT TRANSFER COEF (Btu/h-ft2-°F)

700

Fig. 7.

300

h vs h for Groeneveld 5.7, test B.
exp corr

ORNL-DWG 81 21847 ETD

C-B PREDICTED HT COEFFICIENT (kW/m2-K)

2.1860 2.6690 3.1520 3.6350

P= 12.76 MPa (1849.4 psi)

G=712.4 kg/m2-s(5.25X 105 lbm/ft2-h)
Q =913.5 kW/m2 (2.9 X 105 Btu/ft2-h)

- 3.7826 5

3.4360 S

- 3.0894 9

O

- 2.7428 °

<
- 2.3962 t

2.0496 £
a.

X

1.7030

300 350 400 450 500 550 600 650

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

700

Fig. 8. h vs h for Condie-Bengston IV, test B.
° exp corr



22

ORNL-DWG 81-21846 ETD

315.3

(X 104)

32

IN

30

JZ

3 28
m

X 26
Z>
_i

24

1-
<
UJ

22

I

_l 20
<
H
Z 18
UJ

5

cc
16

UJ
a.

X 14
UJ

12

10

G-D PREDICTED HEAT FLUX (kW/m2)

441.4 567.5 693.7 819.8 882.8

-#*M*++

P= 12.76 MPa (1849.4 psi)

G=712.4 kg/m2-s (5.25 X 105 lbm/ft2-h)
Q =913.5 kW/m2 (2.9 X 105 Btu/ft2-h)

693

630

- 567

- 504

441

378

315.3

10 12 14 16 18 20 22 24 26 28 30 32 (X 104)

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

Fie. 9. Q vs Q for Groeneveld-Delorme, test B.
e exp corr

E

3

x

<
UJ

x

_i

<

z
UJ

5

Q.

X

ORNL-DWG 81-21848 ETD

2.2700

D-B PREDICTED HT COEFFICIENT (kW/m2-K)

3.2362 4.2024 5.1686 6.1348

P= 12.76 MPa (1849.4 psi)

G=712.4 kg/m2-s (5.25 X105 lbm/ft2-h)
Q =913.5 kW/m2 (2.9 X 105 Btu/ft2-h)

500 600 700 800 900 1000 1100

D-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

Fig. 10. h vs h for Dittus-Boelter, test B.
9 exp corr



23

ORNL-DWG 81-21849 ETD

D-R PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-°K)
1.1350 1.7388 2.3426 2.9464 3.5502

700

P = 12.46 MPa (1805.3 psi)

G=333.8 kg/m2-s (2.46 X 105 lbm/ft2-h)
Q = 567.5 kW/m2 (1.8 X 105 Btu/ft2-h)

3.7348 5

1.1350

200 250 300 350 400 450 500 550 600 650 700

D-R PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fig. 11. h vs hCQrr for Dougall-Rohsenow, test C.

UJ

O
o

<

z

Q.

X

ORNL-DWG 81-21850 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)

1.1350 1.3766 1.6182 1.8598 2.1014

P = 12.46 MPa (1805.3 psi)

G=333.8 kg/m2-s (2.46 X 105 lbm/ft2-h)
Q =567.5 kW/m2 (1.8 X 10s Btu/ft2-h)

2.1748 2
CNJ

E

I- 2.0015 5
I-
z
UJ

• 1.8282 «

O

1.6549 °
H
I

1.4816 t;
UJ

S

1.3083 £

1.1350

200 220 240 260 280 300 320 340 360 380 400

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft 2-°F)

Fig. 12. h vs h for Groeneveld 5.7, test C.
cip vurr



24

ORNL-DWG 81-21851 ETD

C-B PREDICTED HT COEFFICIENT(kW/m2-K)
1.3766 1.6182 1.8598 2.1014

P = 12.46 MPa (1805.3 psi)

G= 333.8 kg/m2-s (2.46 X105 lbm/ft2-h)
Q = 567.5 kW/m2 (1.8 X 105 Btu/ft2-h)

- 2.1748 *

CM

r

3
- 2.0015

t-
7
UJ

- 1.8282 O

u.
u.

UJ

O

• 1.6549
u

X

_l

<

1.4816 1-

Ul

5

rr

. 1.3083 Ui

1.1350

200 220 240 260 280 300 320 340 360 380 400

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

Fie. 13. h vs h for Condie-Bengston IV, test C.
6 exp corr

252.2

ORNL-DWG 81-21852 ETD

G-D PREDICTED HEAT FLUX (kW/m2)

315.3 378.4 441.4 504.5 567.5

X10")-

19 ++

+

CN

« 18 • -+£&+ $fi++ #*^WSfe^v^^ -
a 17- //
m

X 16 //
3

i 15 //
l-

2 14- //
X

-J 13 //
<
H

z 12
UJ

/
S.

E 11 -

UJ

x 10
P = 12.46 MPa (1805.3 psi)

Ui

9 -

8 -

G= 333.8 kg/m2-s (2.46 X105 lbm/ft2-h)
Q = 567.0 kW/m2 (1.8 X 105 Btu/ft2-h)

599.1

567.5

536.0

CM

£

3

504.5 X

473.0
_l

u.

<
UJ

I
441.4

409.9
_l

<
1-

378.4

346.8

315.3

z
UJ

OC
UJ
Q.

X
UJ

283.8

252.2

10 11 12 13 14 15 16 17

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

18 19 (X104)

Fig. 14. Q vs Q for Groeneveld-Delorme, test C.
exp corr



25

1.1350

600 i—

ORNL-DWG 81-21853 ETD

D-B PREDICTED HT COEFFICIENT (kW/m2-K)

1.6180 2.1010 2.5840 3.0670

550

500

450

400

350 -

300

250

200

P = 12.46 MPa (1805.3 psi)

G=333.8 kg/m2-s (2.46 X105 lbm/ft2-h)
Q = 567.5 kW/m2 (1.8 X 105 Btu/ft2-h)

3.2146 5

1.4816 £

. 1.1350

200 250 300 350 400 450 500 550

D-B PREDICTED HT COEFFICIENT(Btu/h-ft2-°F)

600

Fig. 15. h vs h for Dittus-Boelter, test C.
exp corr

ORNL-DWG 81-21854 ETD

D-R PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)

0.5676 1.6544 2.7412 3.8280 4 9146
1000

o

900 •
.Li
"*-

.c

800 -

oa

1- 700 -
s
UJ

o

u_
600 -

u.

Ul

O
O 500

1-
X

_l 400
<
(-

s
UJ 300 •
S

OC
UI
a.

200

X

P= 12.75 MPa (1847.3 psi)

G- 517.0 kg/m2-s (3.81 X105 lbm/ft2-h)
Q = 693.0 kW/m2 (2.2 X 105 Btu/ft2-h)

5.2474 w

4.4675

.E

3

3.6876 y

LEVELE

KJH LEVEL F 2.9077

2.1278

O
o

X

-I

<
(-
Z
UJ

5

1.3479 uj

100 0.5680

100 200 300 400 500 600 700 800 900 1000

D-R PREDICTED HEATTRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fig. 16. h vs h for Dougall-Rohsenow, test D.
° exp corr



200

26

ORNL-DWG 81-21855 ETD

GR57 PREDICTED HEATTRANSFER COEFFICIENT (kW/m2-K)

1.6180 2.1010 2.5840 3.0670

-3.2146 2

-2.8680 5

-2.5214 O

P= 12.75 MPa (1847.3 psi)

G=517.0 kg/m2-s(3.81 X 105 lbm/ft2-h)
Q= 693.0 kW/m2 (2.2 X 105 Btu/ft2-h)

O

2.1748 °
I-
I

_i

<
-1.8282

-1.4816 iH

1.1350

250 300 350 400 450 500 550 600

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fie. 17. h vs h for Groeneveld 5.7, test D.
exp corr

1.1350

200

200

ORNL-DWG 81 21856 ETD

C-B PREDICTED HT COEFFICIENT (kW/m2-K)

1.4972 1.8594 2.2216 2.5838

P= 12.75 MPa (1847.3 psi)

G=517.0 kg/m2-s (3.81 X105 lbm/ft2-h)
Q =693.0 kW/m2 (2.2 X 10s Btu/ft2-h)

i i —i 1 1 1

240 280 320 360 400 440

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2'°F)

i i

400

i i

480

2.695 r?

2.435

E

3

I-
z

2.175 o

- 1.915

1.655

O
o

l-
x

_i

<
i-
z
UJ

5

1.395 £

4- 1.135

Fin. 18. h vs h for Condie-Bengston IV, test D.
° exp corr



189.2

(x io4)

24

CN

.£
22

3

m 20

X
3
_J 18
u_

1-
< 16
UI

X

_1

<
14

1-
7
UJ 12
:»

rr
UI 10

UI
8

6

Fig. 19.

1.7030

900

27

ORNL-DWG 81 21857 ETD

G-D PREDICTED HEAT FLUX (kW/m2)

315.3 441.4 567.5 693.7

10 12 14 16 18 20 22

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

Q vs Q for Groeneveld-Delorme, test D.
exp corr

ORNL-DWG 81-21858 ETD

D-B PREDICTED HT COEFFICIENT (kW/m2-K)

2.4276 3.1522 3.8768 4.6014

800

P = 12.75 MPa (1847.3 psi)

G=517.0 kg/m2-s (3.81 X105 lbm/ft2-h)
Q =693.0 kW/m2 (2.2 X 105 Btu/ft2-h)

t- 4.8224
*

(N

F
-^~

4.3025
5.

H
7-
UJ

3.7826 (J

u.
u.

UJ

O

3.2627 O

X

_l

<
2.7428 1-

UJ

S

2.2229
oc
UJ
a.

X

o
o

K
X

—I

<
I-
Z
UJ

5

oc
UI
Q.

X

700

600

500

400

300

LEVELG

+

1.7030

300 350 400 450 500 550 600 650 700 750 800 850 900

D-B PREDICTED HTCOEFFICIENT (Btu/h-ft2-°F)

Fig. 20. h vs h for Dittus-Boelter, test D.
exp corr



28

ORNL-DWG 81-21859 ETD

D-R PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)
0.5676

1200 -I

1.7028 2.8380 3.9732

1100

1000

900

800

700

600

500

400

300

200

100

P= 13.2 MPa (1908.3 psi)

G=593.0 kg/m2-s (4.37 X105 lbm/ft2-h)
Q = 693.0 kW/m2 (2.2 X 105 Btu/ft2-h)

5.1084 6.2436

1.1352 *

0.5676

100 200 300 400 500 600 700 800 900 1000 1100 1200

D-R PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fie. 21. h vs h for Dougall-Rohsenow, test E.
6 exp corr

ORNL-DWG 81-21860 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)

1.1350 1.6180 2.1010 2.5840 3.0670

P= 13.2 MPa (1908.3 psi)

G=593.0 kg/m2-s (4.37 X105 lbm/ft2-h)
Q = 693.0 kW/m2 (2.2 X 105 Btu/ft2-h)

3.2146 *

2.8680

E

3

z
UJ

2.5214 y

2.1748
O
u

X

_l

<
1.8282

5

oc

1.4816 uj
a.

X
UJ

1.1350

200 250 300 350 400 450 500 550 600

GR57 PREDICTED HEATTRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fie. 22. h vs h for Groeneveld 5.7, test E.
exp corr



29

ORNL-DWG 81-21861 ETD

1.7030

C-B PREDICTED HT COEFFICIENT (kW/m2-K)
2.0652 2.4274 2.7896 3.1518

600

550

500

450
O
(J

400
<
t-

350

300

300

LEVEL E +

340 380 420 460 500 540

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

i i

380

P= 13.2 MPa (1908.3 psi)

G=593.0 kg/m2-s (4.37 X105 lbm/ft2-h)
Q = 693.0kW/m2 (2.2 X 105 Btu/ft2-h)

i i

500 580

3.263 *

3.003 ;*

2.743 y

O

2.483 °
H
I

_l

2.223 K
z

1.963 £

1.703

Fig. 23. h vs h for Condie-Bengston IV, test E.
exp corr

252.2

(X104)

_ 28
CM

V 26
.c
~~~

m 24 H

X
z> 22 -

20 h;

18

16

5 14 -

oc

Q. 12

10

8

ORNL-DWG 81-21862 ETD

G-D PREDICTED HEAT FLUX (kW/m2)

378.4 504.5 630.6 756.7

.+4*#Mfc* #i*&

P= 13.2 MPa (1908.0 psi!

G=593.0 kg/m2-s(4.37 X105 lbm/ft2-h)
Q =693.0kW/m2 (2.2 X 105 Btu/ft2-h)

10 12 14 16 18 20 22 24 26

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

882.8

(X104)

882.8

- 630.6 ^

567.5 _,
<

504.5 z

441.4 -

378.4 x

315.3

-4- 252.2

Fig. 24. Q vs Q for Groeneveld-Delorme, test E.
exp corr



30

ORNL-DWG 81-21863 ETD

D-R PREDICTED HEATTRANSFER COEFFICIENT(kW/m2-K)
0.5676

400

0.9298 1.2920 1.6542 2.0164

r 350

300

250
O
(J

I-
I

_i

<

z

200 •

| 150
LU
Q_

X
UJ

100

P = 4.38 MPa (634.8 psi)

G=225.3 kg/m2-s (1.66 X105 lbm/ft2-h)
Q = 441.0 kW/m2 (1.4 X 105 Btu/ft2-h)

*

CM

E

1.8676

Z
UJ

1.6076 (J

1.3476

u.

u.

UJ

O
O

1-
X

_l

<
H
Z
UI

2

- 1.0876

[ 0.8276 UJ

0.5676

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

D-R PREDICTED HEATTRANSFER COEFFICIENT(Btu/h-ft2-°F)

Fig. 25. h vs h for Dougall-Rohsenow, test K.
exp corr

ORNL-DWG 81-21864 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)

0.5676 0.9298 1.2920 1.6542 2.0164

400

2.128 ^

r 350 E

3LEVEL F
1.868

\z 300 UJ

1.608 y

O
o

X

_l

<

250

200

150

100

P = 4.38 MPa (634.8 psi)

G=225.3 kg/m2-s (1.66 X105 lbm/ft2-h)
Q = 441.0kW/m2 (1.4 X 105 Btu/ft2-h)

i i i i i i i i i i i i i

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

GR57 PREDICTED HEATTRANSFER COEFFICIENT(Btu/h-ft2-°F)

o

1.348 °
I-
I

—i

1.088 £
z

0.828 £
o.

X
UJ

0.568

Fig. 26. h vs h for Groeneveld 5.7, test K.
exp corr



H
-

O
Q t
o

0
0

O
r
t

H •
d

a i o •D

©
X

o
n

o
o

H
m D

M
>

T
O

m

H
> H

«
-
n

n
|—

o
(
_

r
t

X

p <
c

» (
-
•

3
-

P
.

r
o

i r
t

(
-
•

O H s r
t

% r
t-

r
t

(A W

E
X

PE
R

IM
E

N
T

A
L

H
E

A
T

FL
U

X
(B

tu
/h

-f
t2

)

J
>

u o 0
0

O
o o

o 0
0

E
X

PE
R

IM
E

N
T

A
L

H
E

A
T

FL
U

X
(k

W
/m

2)

s o

0
0 -
4

r
t

M n o H H

H
>

O n o o H
-

r
t I w a P 0

0 w n
-

O r
t

r
t

w

EX
PE

R
IM

EN
TA

L
H

T
C

O
EF

FI
C

IE
N

T
(B

tu
/h

-f
t2

-°
F)

EX
PE

RI
M

EN
TA

L
HT

C
O

EF
FI

C
IE

N
T

(k
W

/m
2-

K
)



32

ORNL-DWG 81-21867 ETD

0.5676

300 H

280

260

240

220

200

180

160

140

120

100

D-B PREDICTED HT COEFFICIENT (kW/m2-K)

0.8092 1.0508 1.2924 1.5340

•• 4.38 MPa (634.8 psi)

=225.3 kg/m2-s (1.66 X105 lbm/ft2-h)
=441.0 kW/m2 (1.4 X 105 Btu/ft2-h)

100 120 140 160 180 200 220 240 260 280 300

D-B PREDICTED HTCOEFFICIENT (Btu/h-ft2-°F)

Fig. 29. h vs h for Dittus-Boelter, test K.
exp corr

ORNL-DWG 81-21868 ETD

D-R PREDICTED HEATTRANSFER COEFFICIENT (kW/m2-K)
1.1350 1.7388 2.3426 2.9464 3.5502

700 -t 1 ' ' ' ' 1 ' '

650

600

550

500

450

400

350

300 -

250

200

P = 8.30 MPa (1202.5 psi)

G=529.2 kg/m2-s (3.9 X105 lbm/ft2-h)
Q = 787.5 kW/m2 (2.5 X 105 Btu/ft2h)

LEVEL F. - 3.7348 ^

E

3.3015

2.8682

1-
z
LU

u

2.4349

u.

u_

UJ

O
U

H
I

- 2.0016

_l

<

Z
LU

cc
LU- 1.5683

- 1.1350

200 250 300 350 400 450 500 550 600 650 700

D-R PREDICTED HEATTRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fie. 30. h vs h for Dougall-Rohsenow, test L.
exp corr

Vfi^mmm^mmfM



33

ORNL-DWG 81-21869 ETD

GR57 PREDICTED HEATTRANSFER COEFFICIENT(kW/m2-K)
1.1350 1.7388 2.3426 2.9464 3.5502

700 | ' 1 1 i i i i •

P = 8.30 MPa (1202.5 psi)

G=529.2 kg/m2-s (3.9 X105 lbm/ft2-h)
Q = 787.5 kW/m2 (2.5 X 105 Btu/ft2h)

2.8682 y

2.0016

o

- 2.4349 °
I

_i

<

1.5683 "J

1.1350

200 250 300 350 400 450 500 550 600 650 700

GR57 PREDICTED HEATTRANSFER COEFFICIENT(Btu/h-ft2-°F)

Fig. 31. h vs hcQrr for Groeneveld 5.7, test L.

1.1350

600

ORNL-DWG 81-21870 ETD

C-B PREDICTED HTCOEFFICIENT (kW/m2-K)

1.6180 2.1010 2.5840 3.0670

P = 8.30 MPa (1202.5 psi)

G=529.2 kg/m2-s (3.9 X105 lbm/ft2-h)
Q = 787.5 kW/m2 (2.5 X 105 Btu/ft2-h)

3.2146

2.8680

E

3

2.5214 5

2.1748 8
t-
x

1.8282

1.4816

1.1350

200 250 300 350 400 450 500 550

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

600

Fig. 32. h vs hcorr for Condie-Bengston IV, test L.



34

ORNL-DWG 81-21871 ETD

G-D PREDICTED HEAT FLUX (kW/m2)
252.2 315.3 378.4 441.4 504.5 567.5 630.6 693.7 756.7 819.8 882.8

(X104

28 -

26

z> 22

20

18

16

14

12

10

8

8

P = 8.30 MPa (1202.5 psi)

G=529.2 kg/m2-s (3.9 X105 lbm/ft2-h)
Q = 787.5 kW/m2 (2.5 X 105 Btu/ft2h)

567.5
<

504.5 z
LU

441.4 £
LU

378.4 x
uj

315.3

-- 252.2

10 12 14 16 18 20 22 24 26 28 (X104)

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

Fie. 33. Q vs Q for Groeneveld-Delorme, test L.
° exp corr

1.1352

ORNL-DWG 81-21872 ETD

D-B PREDICTED HT COEFFICIENT(kW/m2-K)

1.7028 2.2704 2.8380 3.4056 3.9732

800

i-
z

700

600

P = 8.30 MPa (1202.5 psi)

G=529.2 kg/m2-s (3.9 X105 lbm/ft2-h)
Q = 787.5 kW/m2 (2.5 X 105 Btu/ft2h) - 3.9732 E

3.4056 S
o

uj 500 -
O
O

2.8380 o
o

X

2.2704 <

X

_l

<
400

= 300 - 1.7028 J
Q.

X

200 1.1352

200 250 300 350 400 450 500 550 600 650 700 750 800

D-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

Fie. 34. h vs h for Dittus-Boelter, test L.
exp corr



35

1.7030

900

ORNL-DWG 81-21873 ETD

D-R PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)
2.4276 3.1522 3.8768 4.6014

800

700

P = 8.57 MPa (1242.1 psi)

G=656.8 kg/m2-s (4.84 X105 lbm/ft2-h)
Q=882.5 kW/m2 (2.8 X 105 Btu/ft2-h)

4.8224 2

600
O
(J

O
c_>

I

—i

<

500

400 2.2229 £

300 1.7030

300 350 400 450 500 550 600 650 700 750 800 850 900

D-R PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-"F)

Fig. 35. h vs hcQrr for Dougall-Rohsenow, test M.

ORNL-DWG 81-21874 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)
1.7030 2.0652 2.4274 2.7896 3.1518

600

550

500

450

400

3.263 *

CM

fc

3.003
£
-*

h-
^
UI

2.743 CJ

u_

u_

UI

O

2.483
u

H
X

-J

<

2.223

r; 350 P = 8.57 MPa (1242.1 psi)

G=656.8 kg/m2-s (4.84 X105 lbm/ft2-h)
Q=882.5 kW/m2 (2.8 X 105 Btu/ft2 -h)

i i 1 i

1.963 £
X
LU

1.703300
i i i

300 340 380 420 460 500 540 580

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fig. 36. h vs h for Groeneveld 5.7, test M.
exp corr



36

ORNL-DWG 81-21875 ETD

C-B PREDICTED HT COEFFICIENT(kW/m2-K)

1.7030 2.0652 2.4274 2.7896 3.1518

600

r 550 -

3.263 V.

CN

_fc

3.003

H
S
UJ

- 2.743 U

U_

LL

LU

O

- 2.483
u

X

_l

<

2.223 y-
7
LU

:>

oc

1.963 LU

X

500

450
O
o

400 -

350

300

P = 8.57 MPa (1242.1 psi)

G =656.8 kg/m2-s (4.84 >
Q = 882.5 kW/m2 (2.8 X 105 Btu/ft2 -h)

G=656.8 kg/m2-s (4.84 X105 lbm/ft2-h)

1.703

300 340 380 420 460 500

C-B PREDICTED HTCOEFFICIENT (Btu/h-ft2-°F)

i i

540 580

Fie 37 h vs h for Condie-Bengston IV, test M.
rxg. ^ corr

ORNL-DWG 81-21876 ETD

G-D PREDICTED HEAT FLUX (kW/m2)
504.5 630.6 756.7 882.8

P = 8.57 MPa (1242.1 psi)

G=656.8 kg/m2-s (4.84 X105 lbm/ft2-h)
Q =882.0kW/m2 (2.8X 105 Btu/ft2-h)

630.6

- 567.5

504.5

441.4

- 378.4

12 14 16 18 20 22 24 26 28

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

30 (X104)

Fie. 38. Q vs Q for Groeneveld-Delorme, test M.
B exp corr



37

ORNL-DWG 81-21877 ETD

D-R PREDICTED HEATTRANSFER COEFFICIENT (kW/m2-K)
1.1350 1.6180 2.1010 2.5840 3.0670

600

550 -

3 500 -

P = 6.03 MPa (874.3 psi)

G=519.7 kg/m2-s (3.83 X 105 lbm/ft2-h)
Q =819.0 kW/m2 (2.6 X 105 Btu/ft2-h)

- 3.2146 2

200 250 300 350 400 450 500 550 600

D-R PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

Fig. 39. h vs h for Dougall-Rohsenow, test P.
exp corr

ORNL-DWG 81-21878 ETD

GR57 PREDICTED HEATTRANSFER COEFFICIENT (kW/m2-K)
1.1350 1.4972 1.8594 2.2216 2.5838

500

450 -

400

350
O
O

-i 300
<
I-
z
LU

- 250

Q.

X

200 i i i i

200 240 280

P = 6.03 MPa (874.3 psi)

G=519.7 kg/m2-s (3.83 X 105 lbm/ft2-h)
Q =819.0 kW/m2 (2.6 X 105 Btu/ft2-h)

i i i i i i i i i

320 360 400 440 480

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

- 2.695

2.435

z
UJ

2.175 O

u.

U.

Ul

O
1.915 U

(-
X

-I

<
1-1.655
z
UJ

a

1.395
OC
UJ
0.

X
UI

1.135

Fig. 40. h vs h for Groeneveld 5.7, test P.
exp corr



1.1350

500

450

OQ

t- 400

£ 350 -
o
u

<

300

250

200

200

38

ORNL-DWG 81-21879 ETD

C-B PREDICTED HT COEFFICIENT (kW/m2-K)
1.4972 1.8594 2.2216 2.5838

240 280

P = 6.03 MPa (874.3 psi)

G=519.7 kg/m2-s (3.83 X105 lbm/ft2-h)
Q = 819.0 kW/m2 (2.6 X 105 Btu/ft2-li)

-? 1—

320 360 400 440 480

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

- 1.395

1.135

Fie. 41. h vs h for Condie-Bengston IV, test P.
° exp corr

315.3

(X104)

30

r 28
.C

£ 26

X
-> 24
—1

U.

1- 22
<

I 20

_l

<
t- 18 -
7
UJ

5 16

OC
UI
o. 14
X
UJ

12 -

10

10

ORNL-DWG 81-21880 ETD

G-D PREDICTED HEAT FLUX (kW/m2)
441.4 567.5 693.7 819.8

+ + . +

945.9

P = 6.03 MPa (874.3 psi)

G=519.7 kg/m2-s (3.83 X 105 lbm/ft2-h)
Q =819.0 kW/m2 (2.6 X 105 Btu/ft2-h)

- 693.7 <

630.6

<

567.5 z
ui

504.5 |
ui

441.4 x
UJ

378.4

4- 315.3

12 14 16 18 20 22 24 26 28 30 (X104)

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

Fie. 42. Q vs Q for Groeneveld-Delorme, test P.
exp corr



39

ORNL-DWG 81-21881 ETD

1.1350

700

650

600

550

500

450

400

350 -

300 -

250

200

D-B PREDICTED HT COEFFICIENT.(kW/m2K)
1.7388 2.3426 25464 3.5502

P = 6.03 MPa (874.3 psi)

G=519.7 kg/m2-s (3.83 X 105 lbm/ft2-h)
0 =819.0 kW/m2 (2.6 X 105 Btu/ft2-h)

200 250 300 350 400 450 500 550 600

D-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

3.7348 2

1.1350

650 700

Fig. 43. h vs hcQrr for Dittus-Boelter, test P.

ORNL-DWG 81-21882 ETD
D-R PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)

0.5676 1.0506 ,.5336 2.0166 2.4996

P=6.53 MPa (946.7 psi)

G =325.7 kg/m2-s(2.4

Q =567.0 kW/m2 (1.8 X

100 150 200 250 300 350 400 450 500
D-R PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

0.5676

Fig. 44. hexp vs hcorr for Dougall-Rohsenow, test Q.



40

ORNL-DWG 81 21883 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)
0.5676 0.9298 1.2920 1.6542 2.0164

400

350

Z
300

250
O
o

t-
i

_j

<

Z

200

= 150

100

LEVEL F

P = 6.53 MPa (946.7 psi)

G=325.7 kg/m2-s (2.4 X 105 lbm/ft2-h)
Q =567.0 kW/m2 (1.8 X 105 Btu/ft2-h)

i i

220100 140 180 220 260 300 340 380

GR57 PREDICTED HEATTRANSFER COEFFICIENT (Btu/h-ft2-°F)

2.1276 2
CM

E

1.8676 %
l-
z
ui

1.6076 y

o

1.3476 °
x

_i

<

1.0876 £

0.8276 £
X

0.5676

Fig. 45. h vs h for Groeneveld 5.7, test Q.
exp corr

0.5676

400

r 350

O
u

I-
I

a.

X

300

250

200

150 -

100

ORNL-DWG 81-21884 ETD

C-B PREDICTED HT COEFFICIENT (kW/m2-K)

0.9298 1.2920 1.6542 2.0164

P = 6.53 MPa (946.7 psi)

G=325.7 kg/m2-s (2.4 X105 lbm/ft2-h)
Q = 567.0 kW/m2 (1.8 X 105 Btu/ft2-h)

180 220 260 300 340

C-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

2.1276 ^

Ol

.b

1.8676

t-
s
m

- 1.6076 o

U_

U_

LU

O

- 1.3476 U

H
X

_l

<
1.0876

^
LU

^

rr

0.8276 LU

0.5676

Fie. 46. h vs h for Condie-Bengston IV, test Q.
exp corr

^BW**™*^W*!W#«»-i»9*s;<w



X
3

<
UJ

x

5

DC

0.

X

252.2

(x io4)

Fig. 47,

0.5676

400

41

ORNL-DWG 81-21885

G-D PREDICTED HEAT FLUX (kW/m2)

315.3 378.4 441.4 504.5 567.5

ETD

P = 6.53 MPa (946.7 psi)

G=325.7 kg/m2-s (2.4 X105 lbm/ft2-h)
Q =567.0 kW/m2 (1.8 X 105 Btu/ft2-h)

• 599.1

567.5

536.0

504.5

h 473.0

441.4

409.9

- 378.4

- 346.8

315.3

283.8

252.2

11 12 13 14 15 16 17

G-D PREDICTED HEAT FLUX (Btu/h-ft2)

18 19 (X 104)

^ „ vs Q ^ for Groeneveld-Delorme, test Q.
exp corr

ORNL-DWG 81-21886 ETD

D-B PREDICTED HTCOEFFICIENT (kW/m2-K)

0.9298 1.2920 1.6542 2.0164

350

P = 6.53 MPa (946.7 psi)

G=325.7 kg/m2-s (2.4 X105 lbm/ft2-h)
Q=567.0 kW/m2 (1.8 X 105 Btu/ft2-h)

t 300

O
o

250

_i 200 -

5

cc

a.

X

150

100

100 180 220 260 300 340

D-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

380

0.5676

Fig. 48. h vs h for Dittus-Boelter, test Q.



0.5676

450 ^

42

ORNL-DWG 81-21887 ETD

D-R PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2-K)
0.9902 1.4128 1.8354 2.2580

400

P = 6.01 MPa (871.5 psi)

G=339.3 kg/m2-s (2.5 X105 lbm/ft2-h)
Q = 598.5kW/m2 (1.9 X 105 Btu/ft2-h)

2.3874 2

2.0841 %
h-
Z
UJ

1.7808 y

£ 350
t-
z
UJ

oy 300

o
o

H
X

_l

<
I-
z
UJ

s

oc
UI
a.

X

250

200

150

100

o
1.4775 "

I-
x

_j

1.1742 H

0.8709 2
a.

X

0.5676

100 150 200 250 300 350 400 450

D-R PREDICTED HEAT TRANSFER COEFFICIENT (Btu/hft2°F)

Fie. 49. h vs h for Dougall-Rohsenow, test X.
° exp corr

0.5676

400

i:
350

300

5 250
O
O

I

_i 200
<
l-
z
UJ

1 150

100

100

ORNL-DWG 81-21888 ETD

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (kW/m2K)
0.9298 1.2920 1.6542 2.0164

140

P = 6.01 MPa (871.5 psi)

G=339.3 kg/m2-s (2.5 X105 lbm/ft2-h)
Q = 598.5 kW/m2 (1.9 X 105 Btu/ft2 •h)

i i i i

180 220 260

i i

300

—i i

340 380

GR57 PREDICTED HEAT TRANSFER COEFFICIENT (Btu/h-ft2-°F)

2.1276 2

15676 %
l-
z

1.6076 o

O

1.3476 °
I-
x

1.0876

05276 2

0.5676

Fie. 50. h vs h for Groeneveld 5.7, test X.
6 exp corr



O
Q t
o

O
»

.

H
—

»

•
d

o

<
I

_
»

V
)

o T
J

K
J

O
3

1

o
O

C
O

H
O

H
H m O

_
,

o
X m >

*
.

<
n

U
I

H O
C

«
X 3

a
>

«1 a

c

H
"

3
- r
o

_
.

a
.

-
s
l

i i a
-
t

0
)

X

X

E
X

P
E

R
IM

E
N

T
A

L
H

E
A

T
F

L
U

X
(B

tu
/h

-f
t2

)
x

O
-
"
N

)
C

0
J
>

0
l
5

>
^
0

0
s

%

E
X

P
E

R
IM

E
N

TA
L

H
E

A
T

FL
U

X
(k

W
/m

2)

1
3

O
Q U

I

r
t

•
d o o •i n

o H O O P O
.

H
-

r
t I

S
3

a 0 O
Q O M < C
A H

o I C
O

o H m O X H O o z «
O

E
X

P
E

R
IM

E
N

TA
L

H
TC

O
EF

FI
C

IE
N

T
(B

tu
/h

-f
t2

-°
F

C
J1

C
O

a
>

C
O

C
O

G
O

C
O

C
J1

C
O

<
:

7
T

T
)

fe
C

O ^
> 3

0
)

d
0

0

-
*

~
*

O
l

C
D

r
o

"
O

X
O

l
M

.
V

O

o
C

D
U

I

;?
r
o

3

3
-

r
o

J

8
• o ^

1
u

C
O

J
>

C
O

o
to

°J
>

4
*

^
1

O
l

C
IO

•f
e

M
r
o

O
0

0
e
n

O
l

M r
o

8

O
l

O
l

oo
i
.

c
o

o>
u

o

EX
PE

RI
M

EN
TA

L
HT

CO
EF

FI
CI

EN
T

(k
W

/m
2-

K
)

o 31 z r
- b S o



1.1350

400

380

360

340

320

300

280

260

240

220

200

200

Fig.

44

ORNL-DWG 81-21891 ETD

D-B PREDICTED HT COEFFICIENT (kW/m2-K)
1.3766 1-6182 1.8598 2.1014

= 6.01 MPa (871.5 psi)

=339.3 kg/m2-s (2.5 X105 lbm/ft2-h)
= 598.5 kW/m2 (1.9 X 105 Btu/ft2-h)

2.1748 *

CN

t"

3
2.0015

r-

/
UJ

1.8282 O

u_

u.

UJ

O

1.6549 O

I-
X

_J

<

• 1.4816 t-

Ul

S

rr

- 1.3083 UJ

X
UJ

i 1.1350
220 240 260 280 300 320 340 360 380 400

D-B PREDICTED HT COEFFICIENT (Btu/h-ft2-°F)

53. h vs h for Dittus-Boelter, test X.
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bars) are significantly smaller than the data scatter. The slope in the
vertical data strings for the Groeneveld 5.7 and Condie-Bengston IV plots
reflect the surface temperature variation and its effect on the wall Pr.
Scatter in the Groeneveld-Delorme correlation is horizontal. Wall tem
perature variations are now incorporated in the correlation predicted heat
flux because QGD = hGD (T^ - Tv>.

Plots that show data for all tests are presented in Figs. 54-60.
In general, results of these tests show that both Dougall-Rohsenow cor
relations tend to overpredict heat transfer coefficents, while the
Groeneveld 5.7, Groeneveld 5.9, and Condie-Bengston IV correlations pre
dict the data better. The Groeneveld-Delorme correlation predicts heat
fluxes that are low at points near dryout. However, predictions improve
as the distance from dryout increases. The Dittus-Boelter correlation
also tends to overpredict the observed experimental heat transfer coef
ficients. These conclusions agree with results obtained in the three
transient tests (3.03.6AR, 3.06.6B, and 3.08.6C) conducted in the THTF
(Appendixes A, B, and C).

The Dougall-Rohsenow correlation was not developed from two-phase
data and does not account for nonequilibrium effects. Nonequilibrium
within the flow would tend to decrease experimental heat transfer coeffi
cients and could explain the discrepancy between the Dougall-Rohsenow cor
relations and the data.

All other film boiling correlations presented were developed from two-
phase data and would partially account for nonequilibrium within the flow.
At the dryout point (the point beyond which liquid no longer comes in con
tact with the heated surface), conditions should be close to equilibrium.
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As distance from dryout increases, the amount of nonequilibrium in the
flow increases. None of these correlations explicitly accounts for this
phenomenon. In particular, the Groeneveld-Delorme correlation predicts
the existence of some nonequilibrium at dryout, causing the predicted heat
transfer coefficients to be low. As distance from dryout increases, non-
equilibrium effects are more prominent, and the predictions tend to be
better. Because nonequilibrium is present in all heated dispersed flows
to some extent, liquid is present in the flow even after the equilibrium
quality reaches one. Thus, the Dittus-Boelter correlation that uses sin
gle-phase equilibrium conditions beyond qualities of one tends to overpre
dict heat transfer coefficients for reasons similar to those discussed for
the Dougall-Rohsenow correlation.

4.2 Nonequilibrium

No instrumentation presently available for use in the THTF can mea
sure the degree of nonequilibrium in the flow. However, the degree of
nonequilibrium in the steady state tests can be estimated by using tech
niques developed for predicting nonequilibrium in dispersed flows. Three
techniques were used on representative steady state tests:

1. Groeneveld-Delorme,14

2. Chen,13 and

3. Yoder.2*
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Both the Groeneveld-Delorme and Chen techniques are correlational
techniques developed from two-phase heat transfer data assuming the wall
heat transfer could properly be described by a suitable single-phase heat
transfer coefficient. THe Yoder technique develops amethod of calculat-
LI ^qB: ?-fl°\the governing transport equations in two-phase11 ", Th" technique has been slightly modified in this report to ac

count for differences between bundle geometry and tube geometry (the
geometry for which it was developed).

Results of these calculations are presented as plots of actual qual
ity vs equilibrium quality (Figs. 61-70). Also shown in the figures Is
nigh'al 235-2 U23°«F)UPef"* 'T ^ "' ^^ «*•*•"! range asnigh as 235 C (423«F). A considerable amount of nonequilibrium is prob
ably present in most of the tests and would tend to cause the DougaU-
Rohsenow correlations to overpredict heat transfer coefficients

The Dittus-Boelter correlation would also tend to overpredict heat
transfer coefficients when nonequilibrium is present in the flow. Liquid
can be present even when equilibrium qualities are >1, lowering the vapor
Reynolds number and raising the vapor temperature.
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Fig. 61. Actual quality vs equilibrium quality, test B.
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Fig. 65. Actual quality vs equilibrium quality, test K.
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4.3 Grid Spacer Effects

Low-pressure drop and egg-crate-type spacer grids without swirl in
ducers are spaced at 0.61-m (2-ft) intervals along the THTF bundle.
Closely spaced intermediate thermocouples are located axially above and
below the two topmost grids to investigate grid effects during film boil
ing. To eliminate the grid spacer effect on intermediate-level rod prop
erty calculation, an averaging technique was used. Values for boron ni
tride thermal conductivity and sheath thermocouple contact resistance were
averaged for all major-level thermocouples (A, B, C, D, E, F, and G).
These values were then used to calculate rod surface conditions at the

intermediate levels using a numerical form of Eq. (4), assuming the ther
mocouple bead was at the center of the thermocouple sheath.

Results are presented as plots of surface temperature vs axial dis
tance along the bundle. Surface temperatures are level average tempera
tures. Only thermocouples with (T - T ) > 222°C (400°F) are used in

w s

the averaging. One exception is level F4. All thermocouples are averaged
at level F4 because this level is wet in many of the tests and thus empha
sizes the degree of grid heat transfer augmentation.

Figures 71—75 show level average rod surface temperatures for thermo
couples near the grid. Surface temperatures downstream of the grid are up
to 110°C (200°F) lower than temperatures upstream of the grid. These re
sults are consistent with results obtained by other investigators.27,*8
These effects last ~20 to 30 hydraulic diameters downstream of the grid.
This length is consistent with entrance length studies29*30 and suggests
a boundary layer breakup-rebuild process at the grid.
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5. CONCLUSIONS

An analysis of 22 steady state film boiling tests (series 3.07.9) has
been performed. Mass and energy conservation relationships were used to
calculate equilibrium fluid conditions within the rod bundle. These fluid
conditions, along with calculated rod surface temperatures, were used to
evaluate six film boiling correlations and one single-phase vapor correla
tion:

1. Dougall-Rohsenow,
2. Dougall-Rohsenow (wall Pr),
3. Groeneveld 5.7,

4. Groeneveld 5.9,

5. Condie-Bengston IV,
6. Groeneveld-Delorme, and

7. Dittus-Boelter.

The correlations were then compared with experimentally determined heat
transfer coefficients.

The Groeneveld 5.7, Groeneveld 5.9, and Condie-Bengston IV correla
tions perform better than either Dougall-Rohsenow correlation. The
Dougall-Rohsenow and Dittus-Boelter correlations predict heat transfer
coefficients that are often 150% higher than the experimentally deter
mined heat transfer coefficients discussed in this report. This could be
partly caused by thermodynamic nonequilibrium that can exist in the flow.
The Groeneveld-Delorme correlation, which explicitly accounts for non-
equilibrium in the flow, predicts low heat fluxes near burnout that im
prove as distance from burnout increases.

The conclusions reached concerning the accuracy of the film boiling
correlations concur with those reached in reports describing the three
transient film boiling experiments, tests 3.03.6AR, 3.06.6B, and 3.08.6C.
Appendixes A, B, and C show comparisons of the Dougall-Rohsenow, Groene
veld 5.7, Condie-Bengston IV, and Groeneveld-Delorme correlations for
tests 3.03.6AR, 3.06.6B, and 3.08.6C.
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Appendix A

THTF TEST 3.03.6AR RESULTS

Transient tests 3.03.6AR, 3.06.6B, and 3.08.6C were all tests in
which the test section pressure and fluid conditions varied with time.
As a result, flow conditions do not vary independently; that is, X and P
both generally decrease with time.

The first upflow film boiling experiment (THTF test 3.03.6AR) was
conducted on May 21, 1980. Morris et al.1 have documented the results of
the experiment in an ORNL report. This appendix summarizes those results.
The experiment was a controlled transient test executed from high-pressure
and high-temperature conditions. The flow, pressure, and power transient
were initiated with an outlet-only break. The experiment was planned and
conducted to maintain unidirectional upflow (no flow reversals) and pro
long film boiling. Dispersed flow film boiling data were collected over
the following parameter ranges in THTF test 3.03.6AR:

1. Mass flux: 136-502 kg/m2«s (1 x 105-3.7 x 10s lb /h-ft2)
2. Quality: ~23-100% m
3. Pressure: 5-10 MPa (700-1500 psi)
4. Heat flux: 158-1000 kW/m* (5 x 104-3.2 x 10s Btu/h«fta)

The data are in the high-flow film boiling data ranges requested by the
NRR.

Local bundle fluid conditions were calculated with the homogeneous
two-phase flow and thermodynamic equilibrium thermal-hydraulics code
RLPSFLUX.2 The calculation of local fluid conditions permitted the as
sessment of the Dougall-Rohsenow, Groeneveld 5.7, Condie-Bengston IV, and
Groeneveld-Delorme heat transfer correlations. Correlation comparisons
with tne data are presented in Figs. A.1-A.4 for these correlations. Fig
ure A.l indicates that the Dougall-Rohsenow correlation generally over-
predicts the heat transfer coefficient. It also shows that the Dougall-
Rohsenow correlation produces ratios of h -to-h that tend to be greater
at high quality. The Groeneveld 5.7 correlation comparisons are shown in
Fig. A.2. The correlation is seen to predict heat transfer coefficients
both above and below the data. The Condie-Bengston IV correlation com
parisons, shown in Fig. A.3, indicate that the correlation predicts heat
transfer slightly below the data. The Groeneveld-Delorme correlation
tends to predict heat transfer coefficients lower than experimental values
(Fig. A.4).

In general, the results obtained in THTF test 3.03.6AR concur with
those obtained in THTF test series 3.07.9.
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Appendix B

THTF TEST 3.06.6B RESULTS

The second upflow film boiling experiment (THTF test 3.06.6B) was
conducted on August 29, 1980. The experiment was conducted and analyzed
in a very similar fashion to THTF test 3.03.6AR. Morris et al.* have
documented the results of the experiment in an ORNL report. This appendix
summarizes those results.

Correlation comparisons were performed with data collected over the
following parameter ranges:

1. Mass flux: 136-610 kg/ma-s (1 x 10*-4.5 x 10* lb /h«ft»)
2. Quality: 5-100% m
3. Pressure: 6-13 MPa (875-1900 psi)
4. Heat flux: 158-630 kW/m* (5 x 10«-2 x 10* Btu/h-ft»)

The film boiling correlations examined here include:

1. Dougall-Rohsenow,
2. Groeneveld 5.7,
3. Condie-Bengston IV, and
4. Groeneveld-Delorme.

Figure B.l indicates that the Dougall-Rohsenow correlation overpredicts
the heat transfer coefficient except at low quality. The correlation
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overpredicts the data most at high quality. The Groeneveld 5.7 correla
tion comparison (Fig. B.2) indicates that the correlation predicts heat
transfer above and below the data. The Groeneveld 5.7 correlation pro
duces ratios of h-to-he that tend to be greater at high quality and pres
sure. The Condie-Bengston IV correlation shown in Fig. B.3 predicts data
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better than the Dougall-Rohsenow correlation. The Groeneveld-Delorme cor
relation (Fig. B.4) tends to underpredict heat transfer coefficients.

In general, the results obtained in THTF test 3.06.6B concur with
those obtained in THTF test 3.03.6AR and test series 3.07.9.

ORNL-DWG 81-21921 ETD

•s.v

• LEVELC

o LEVELD
q 2.5 - A LEVELE
i-
< + LEVEL F
CE X LEVELG

X

b 2.0 - X

UJ
X

5 x x
oc

3 1.5-
UJ

o
* *x

* x>v< "

GROENEVELD Inb

_ nXTBD

o ° AA
D

JL *t«*^. \Z* x**

wtf- '
0.0 T 1 1— 1 r r i 1 1 1 1 1 1 1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6

EQUILIBRIUM QUALITY

Fig. B.4. Q /Q vs equilibrium quality for Groeneveld-Delorme.
° corr exp

Reference

1. D. G. Morris, C. B. Mullins, and G. L. Yoder, An Analysis of Transient
Film-Boiling of High Pressure Water in a Rod Bundle, ORNL/NUREG-85 (to
be published).





71

Appendix C

THTF TEST 3.08.6C RESULTS

The third upflow film boiling experiment (THTF test 3.08.6C) was con
ducted on October 1, 1980. The experimental procedure and data analysis
were similar to the two previous transient tests (3.06.6A and 3.06.6B) and
are discussed in Ref. 1.

Test conditions were as follows:

1. Mass flux: 330-1090 kg/s-m* (2.4 x 10*~8 x 10* lb /h«ft»)
2. Quality: ~35-100% m
3. Pressure: 6.6-11.7 MPa (950-1700 psia)
4. Heat flux: 160-1100 kW/m* (5 x 104~3.5 x 10* Btu/h«ft»)

Four correlations are examined in this appendix:

1. Dougall-Rohsenow,
2. Groeneveld 5.7,
3. Condie-Bengston IV, and
4. Groeneveld-Delorme.

Each correlation displays characteristics similar to those discussed
in Appendixes A and B. The Dougall-Rohsenow correlation (Fig. C.l) tends
to overpredict heat transfer coefficients while the Groeneveld 5.7 (Fig.
C.2) and the Condie-Bengston IV (Fig. C.3) correlations predict the data
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better. The Groeneveld-Delorme correlation underpredicts heat fluxes
(Fig. C.4).

Results of transient test 3.08.6C are in agreement with results of
the steady state test series 3.07.9 and both previous transient tests
3.03.6AR and 3.06.6B.
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Appendix D

STEADY STATE DATA AND CORRELATION COMPARISONS

Appendix D contains tables listing fluid conditions, surface condi
tions, and correlation-predicted and experimentally determined heat trans
fer coefficients (heat fluxes). Also included are one standard deviation
uncertainties for several of these quantities. The tables are arranged in
two divisions. The first division contains these quantities in SI units
The second division is a duplicate of the first; however, quantities are"
given in English units. Tests are identified on each page of the tables
and the units in use (SI or English) along with the nomenclature are given
on the header page preceding each test tabulation.
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Appendix D.l

STEADY STATE TESTS IN SI UNITS
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********** STEADY STATE TEST B **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

MASS FLUX 5 • 253E+05 LBM/SOFT H UNC. MASS FLUX 1.205E«-04 LBM/SOFT H PRESSURE 1849.4 PSI UNC. PRESSURE 6.00 PSI

712.89 KG/SQP S

SCO

16.

TSRF

3578 KG/SQM S 12.76 MPA C.041 MPA

LEVEL 0 SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

D 2.893 911.2 0.063 19.99 1322.6 717.3 58.12 32.292 624.7 329.6 0.443 0.2 .4663 . 0246

E 2.900 913.5 O.041 13.07 1353.5 734.5 21.53 11.959 624.7 329.6 0.443 0.2 .6524 .0294

F 2.893 911.2 0.052 16.26 1262.3 683.8 38.30 21.280 624.7 329.6 0.443 0.2 .846 5 .0343

G 2.874 905.2 0.061 19.20 1199.2 648.8 35.86 19.924 638.4 337.2 14.423 8.0 1.0387 . C391

H 2.880 907.2 0.000 0.00 1373.9 745.8 0.00 0.000 624.7 329.6 0.443 0.2 .3849 .0228

Y 2.881 907.6 0.000 0.00 1223.2 662.1 0.00 0.000 624.7 329.6 0.443 0.2 .4004 .0231

El 2.868 903.4 0.027 8.48 1364.3 740.5 41.04 22.800 624.7 32 9.6 0.443 0.2 .6834 .C302

E2 2.823 889.3 0.089 27.88 13 29.1 720.9 7.77 4.316 624.7 329.6 0.443 0.2 .7057 .0309

E3 2.872 904.8 0.026 8.28 1364.7 740.7 16.00 8.890 624.7 329.6 0.443 0.2 .7319 . 0317

Et 2.797 881.1 0.107 33.77 1199.1 648.7 34.93 19.406 624.7 329.6 0.443 0.2 .7872 . C330

E7 2.887 909.3 0.032 10.09 1222.0 661.4 34.21 19.005 624.7 329.6 0.443 0.2 .805 7 .0333

EE 2.888 909.8 0.027 8.56 1256.3 680.5 19.83 11.014 624.7 329.6 0.443 0.2 .8300 . 0339
00

Fl 2.853 898.6 0.068 21.52 1249.8 676.9 15.00 8.332 624.7 329.6 0.443 0.2 .8776 . C351 o

F2 2.884 908.4 0.031 9.63 1272.1 689.2 19.33 10.738 624.7 329.6 0.443 0.2 .9019 .0358

F3 2.850 897.7 0.068 21.31 1260.0 682.6 18.16 10.090 624.7 329.6 0.443 0.2 .9262 . 0365

FA 2.797 881.1 0.107 33.77 1039.0 559.8 3.89 2.161 624.7 329.6 0.443 0.2 .948 5 . 0372

F5 2.823 889.3 0.089 27.88 1096.3 591.6 32.77 18.204 624.7 329.6 0.443 0.2 .9650 .0375

Ft 2.851 898.2 0.060 18.91 1152.2 622.7 20.45 11.364 624.7 329.6 0.443 0.2 .982 5 . 0378

F7 2.850 897.9 0.054 16.94 1160.0 627.0 23.54 13.079 624.7 329.6 0.443 0.2 .9990 . 0381

F8 2.862 901.7 0.061 19.10 1191.7 644.6 32.61 18.119 632.5 334.0 12.213 6.8 1.0222 .0387

KCKENCLATURE

ENG SI

c BTU/H FT**2 X 1E5 KW/M**2

SDC BTU/H FT**2 X 1E5 KW/M**2
TSRF DEG F DEG C
SCTSRF DEG F DEG C
TF DEG F DEG C
"TF DEG F DEG C

Test B

T/C Level (# wet T/C)/(Total # T/C)

c All wet

u 4/5

s 5/5

H 5/6
Y 5/6
D 3/50
E All dry
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********** STEADY STATE TEST B **********

INTERMEDIATE LEVELS

ROD
NO

X

H

0.38

TSURF
DEG C

0
KW/M**2

HEXP UHFXP HDR
KW/M**2 C

UHDR HDRPW HG57 UHG57 HG59
»I/M**2 :

UHG59 HCB OGD
KW/M**=2

LEVEL

56 745.8 907.2 2.180 0.133 4.075 0.115 2.888 1.903 0.041 1.661 0.046 1.882 541. 5

LEVEL

56

Y

0.40 662.1 907.6 2.730 0.189 4.172 0.115 2.978 1.986 0.042 1.744 0.048 1.978 444. 3

LEVEL

1
14
38
50

51

0.68
0.68
0.68
0.68

769.9
735.6
741.8
714.6

912.8
896.5
908.4
896.0

2.073
2.208
2.204
2.327

0.130
0.145
0.132
0.147

5.860
5.860
5.860
5.860

0.128
0.128
0.128
0.128

4.145
4.155
4.153
4.162

2.452
2.470
2.466
2.483

0.035
0.036
0.035
0.036

2.304
2.322
2.319
2.335

0.042
0.043
0.043
0.043

2.076
2.104
2.099
2.124

860. 1
792.2
804.3
751. 5

LEVEL

21
60

E2

0.71
0.71

718.1
725.9

905.9
904.9

2.332
2.283

0.138
0.143

5.987
5.987

0.130
0.130

4.254
4.252

2.515
2.509

0.035
0.035

2.373
2.368

0.043
0.043

2.137
2.129

781. 5
797.3

LEVEL

14
17
34
37
38
50
60

E3

0.73
0.73
0. 73
0.73
0.73
0.73
0.73

739.3
733.5
748.4
754.6
745.0
731.2
733.1

896.5
900.5
919.9
907.3
908.4
896.0
904.9

2.188
2.230
2.196
2.135
2.187
2.231
2.243

0.147
0.142
0.143
0.128
0. 131
0.145
0.139

6.136
6.136
6.136
6.136
6.136
6.136
6.136

0. 133
0. 133
0.133
0.133
0.133
0.133
0.133

4.352
4.354
4.350
4.348
4.351
4.355
4.354

2.539
2.543
2.534
2.530
2.536
2.544
2.543

0.035
0.035
0. 035
0.034
0.034
0.035
0.035

2.405
2.409
2.400
2.397
2.402
2.410
2.409

0.043
3.042
0.042
0.042
0.042
0.042
0.042

2.135
2. 140
2.127
2.121
2.130
2.142
2.143

852. 7
840. 6
871. 8
884. 7
e6^.6
835. 8
839. 8

LEVEL

60

E6

0.79 662.4 904.9 2.719 0.170 6.448 0.134 4.606 2.673 0.034 2. 554 0.042 2.263 750.3

LEVEL

1
34
37
50

E7

0.81
0.81
0.81
0.81

682.0
651.7
671.9
640.1

913.2
920.2
907.6
896.3

2.591
2.857
2.652
2.887

0.169
0.190
0.163
0.185

6.551
6.551
6.551
6.551

0. 134
0.134
0.134
0.134

4.668
4.685
4.673
4.692

2.677
2.707
2.686
2.721

0.034
0.035
0.033
0.035

2.562
2.592
2.572
2.606

0.041
0.042
0.041
0.042

2.247
2.293
2.262
2.313

811.9
746. 5
789.7
721. 1

LEVEL

1
14
34
37
38

E8

0.83
0.83
0.83
0.83
0.83

689.6
686.1
662.5
677.6
686.7

913.7
897.3
920.7
908.1
909.2

2.538
2.517
2. 766
2.610
2.546

0.164
0.161
0.181
0.161
0.155

6.686
6.686
6.686
6.686
6.686

0.135
0.135
0.135
0.135
0.135

4.760
4.761
4.774
4.766
4.761

2.698
2.701
2.724
2.709
2.701

0.033
0.033
0.034
0.033
0.032

2.589
2.592
2.614
2.599
2.591

0.040
0.040
0.041
0.0 40
0.040

2.254
2.259
2.292
2.270
2.258

"56. 5
848. 4
795. 3
829. 2
649. 9

LEVEL

17
21
34
37
50

Fl

0.8 8
0.88
0.88
0.88
0.88

683.2
665.7
675.8
6 89.5
673.9

901.3
906.7
920.7
908.1
896.8

2.549
2.698
2.659
2.523
2.604

0.152
0.167
0.172
0.155
0.159

6.949
6.949
6.949
6.949
6.949

0.137
0.137
0.137
0.137
0.137

4.952
4.962
4.956
4.949
4.957

2.751
2.768
2.758
2.745
2.759

0.032
0.033
0.034
0.033
0.033

2.649
2.666
2.656
2.643
2.658

0.041
0.042
0.042
0.041
0.041

2.295
2.320
2.30 5
2.287
2.308

900. 0
858. 8
882. 8
914. 5
878.3

LEVEL

1
14
17
34
38
50

F2

0.90
0.90
0.90
0.90
0.90
0.90

700.9
679.2
683.5
687.7
704.1
680.1

915.4
899.4
903.2
922.7
911.1
898.7

2.465
2.573
2.552
2.577
2.433
2.564

0.152
0.176
0.152
0.166
0.147
0.158

7.082
7.082
7.082
7.082
7.082
7.082

0.139
0.139
0.139
0.139
0.139
0.139

5.038
5.049
5.046
5.044
5.036
5.048

2.754
2.773
2.769
2.765
2.752
2.772

0.034
0.036
0.034
0.035
0.034
0.034

2.654
2.674
2.669
2.666
2.652
2.673

0.044
0.045
0.044
0.044
0.043
0.044

2.289
2.317
2.311
2.305
2.285
2.316

974. 1
921. 2
931.7
S41. 9
981. 8
923. 5

LEVEL

14
17
21
34
60

. F3

0.93
0.93
0.93
0.93
0.93

678.6
678.0
673.2
700.5
676.9

896.8
900.8
906.2
920.2
905.1

2.570
2.586
2.637
2.481
2.606

0.167
0.155
0.158
0.159
0.176

7.214
7.214
7.214
7.214
7.214

0.141
0.141
0.141
0.141
0.141

5.143
5.143
5.146
5.131
5.143

2.788
2.788
2.793
2.768
2.789

0.040
0. 039
0.039
0.039
0.041

2.688
2.689
2.694
2.669
2.690

0.052
0.051
0.051
0.051
0.052

2.334
2.335
2.342
2.305
2.336

953. 3
951. 8
939.9

1007. 2
949.0

00



RCD
NO

LEVEL F4

6C 0.95

LEVEL F5

21
60

97
97

LEVEL F6

1
17
37
38
50
60

0.98
0.98
0.98
0.98
0.98
0.98

LEVEL F7

14
17
21
37
38
50
60

1.00
1.00
1.00
1.00
1.00
1.00
1.00

TSURF
DEG C

558.2

571.8
607.7

630.6
627.1
60 7.9
607.8
633.3
633.8

614.8
634.8
608.3
617.4
626.5
643.8
643.2

0
KW/M**2

904.9

905.9
904.9

91?,.9
900,.6
90 7..3
908,.4
896,.3
904..9

897,.3
900.,5
906.,7
909.,3
909.,1
896.,8
905.,6

HEXP

3.958

3.740
3.254

3.033
3.028
3.260
3.265
2.952
2.975

3.146
2.950
3.254
3.159
3.062
2.854
2.888

********** STEADY STATE TEST B **********

INTERMEDIATE LEVELS

UHEXP

0.269

0.235
0.210

0.220
0.193
0.211
0.206
0.190
0.189

0.214
0.183
0.202
0.204
0.191
0.183
0.184

KW/M**2 C ---— ----- -1*1 "HG51 HG59
KW/M**2 C

7.336

7.425
7.425

7.519
7.519
7.519
7.519
7.519
7.519

7.6 08
7.608
7.608
7.608
7.608
7.6 08
7.608

0.143

0.146
0.146

0.169
0.169
0.169
0.169
0.169
0.169

0.274
0.2 74
0.2 74
0.274
0.274
0.2 74
0.2 74

5.346

5.393
5.351

5.396
5.399
5.417
5.417
5.394
5.394

5.472
5.455
5.479
5.470
5.462
5.448
5.448

2.990 0.063 2.891

2.953 0.099 2.850
2.881 0.098 2.778

2.833 0.098 2.721
2.838 0.104 2.725
2.867 0. 103 2. 755
2. 86 7 0.105 2.755
2.829
2.828

0.104
0.104

2.717
2.716

2.792 0. 090 2.654
2.764 0.095 2.626
2.802 0.095 2.664
2.788 0.093 2.650
2.775 0.095 2.637
2.753 0.093 2.615
2.753 0.094 2.616

UHG59 HCB

0.077 2.652

QGD
KW/M**2

687.4

0.114 2.610 740. 7
0.111 2.497 830. 1

0.174 2.456 910. 2
0. 169 2.463 901. ?
0.173 2.509 852. 2
0.171 2.509 851. 9
0.168 2.450 917. 2
0.167 2.449 918.6

0.165 2.503 891. 3
0.157 2.458 943. 8
0.161 2.519 874. 4
0.162 2.496 898.3
0.159 2.475 922. 0
0. 158 2.440 967.4
0.157 2.441 S65.9

00



RCD
NO

TSURF
DEG C

Q
KW/M**2

HEXPS

********** STEADY STATE TEST B **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/*1**2 C

UHEXP HDB

LEVEL F8

I 1.02 662.9 914.7 2.74 0.177 2.78 0.19 6.96

17 1.02 638.0 901.5 2.92 0.179 2.97 0.19 6.96

21 1.02 613.1 906.9 3.20 0.197 3.25 0.22 6.96

34 1. 02 657.9 921.0 2.81 0.184 2.84 0.20 6.96

37 1.02 632.2 908.3 3.00 0.189 3.05 0.20 6.96

50 1.02 657.8 897.0 2.73 0.173 2.77 0.18 6.96

60 1.02 661.7 905.9 2.73 0.170 2.76 0. 18 6.96

HCB
KW/M**2 C

QGD
KW/1**2

2.42 1010.8
2.47 945.1

2.52 879.0
2.43 998.2
2.48 929.6
2.43 997.9
2.42 1007.4

00
ON
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********** STEADY STATE TEST C **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

CASS FLUX 2..463E*05 LBM/SOFT H UNC. MASS FLUX 5.561E+03 LBM/SQFT H PRESSURE 1805.3 PSI UNC. PRESSURE 6.00 PSI

334.24 KG/SQM S 7.!5465 KG/SQM S 12.46 MPA 0.041 MPA

LEVEL Q SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

E 1.817 572.2 0.029 9.05 1240.5 671.7 58.07 32.259 621.4 327.8 0.445 0.2 .8116 .0361

F 1.812 570.9 0.032 10.24 1303.3 706.6 44.15 24.530 646. 8 341.9 18.810 10.5 1.066 8 . 0426

G 1.805 568.5 0.037 11.80 1350.5 732.8 53.99 29.995 777.7 414.6 28.859 16.0 1.3196 .0488

El 1.804 568.4 0.018 5.53 1271.5 689.0 86.47 48.036 621.4 327.8 0.445 0.2 .8523 .0372

E2 1.776 559.5 0.055 17.34 1270.7 688.5 47.08 26.154 621.4 327.8 0.445 0.2 .8816 .0381

E3 1.807 569.2 0.018 5.57 1281.8 694.6 44.50 24.724 621.4 327.8 0.445 0.2 .9160 .0392

E6 1.762 555.0 0.068 21.54 1245.0 674.2 57.63 32.016 621.4 327.8 0.445 0.2 .9888 .0408

E7 1.814 571.4 0.021 6.50 1256.8 6 80.8 38.66 21.478 625.9 330.3 13.994 7.8 1.0131 .0413

E8 1.817 572.3 0.016 5.11 1283. 1 69 5.4 25.64 14.245 637.7 336.9 16.990 9.4 1.0450 .0420

Fl 1.794 565.3 0.043 13.41 1305.3 707.7 18.30 10.168 666.2 352.6 20.130 11.2 1.1077 .04 36

F2 1.809 570.0 0.019 5.96 1330.4 721.7 25.10 13.946 6 80.4 360.5 21.257 11.8 1.1396 . 0446

F3 1.792 564.6 0.042 13.08 1329.3 721.1 37.67 20.926 695.8 369.1 23.197 12.9 1.1716 .0455

00

F4 1.761 554.8 0.068 21. 53 1178.3 637.2 4.95 2.750 711.3 377.7 25.437 14.1 1.2010 .0464 00

F5 1.776 559.5 0.055 17.35 1231.3 666.6 49.58 27.547 723. 5 384.5 25.768 14.3 1.2226 .0467

F6 1.795 565.5 0.038 11.89 1289.2 698.8 31.45 17.470 737.2 392.1 26.276 14.6 1.2456 .0472

F7 1.794 565.0 0.034 10.81 1302.7 706.3 40.8 5 22.696 74 8.4 398.3 26.586 14.8 1.2673 . 0476

F8 1.802 567.5 0.037 11.68 1346.1 730.4 49.64 27.580 765.2 407.7 27.385 15.2 1.2979 . 0483

NOMENCLATURE

ENG SI

c BTU/H FT**2 X 1E5 KW/M**2
SCO BTU/H FT**2 X 1E5 KW/M** 2
TSRF DEG F DEG C
SDTSRF DEG F DEG C
TF DEG F DEG C
UTF DEG F DEG C

Test C

T/C Level (# wet T/C)/(Total # T/C)

All wet

All drv



o
*

C
D

|

X
II

O
I

m
i

O
I

X
I

X
>

Ip

0
*

r
o

"
1

*
O

*
i
s
:

1
m

1
*

1
o

1
*

1
X

1
*

1
=

>
1

*
1

1
***

1
1

*
1

r
-

1
#

1
uo

1
*

!
$

|
o

i
i

i
i

r
-

C
/l

i
i

i
i

c
/>

_
J

3
1

III
U

J
°
-

1
h

-
>

a
i

U
I

o
I

U
J

-
J

I
i

1
-

I
<

>
-

I
1

-
o

c
I

(
/)

<I
Q

C
1

>
•

*
.

O
1

a
c
c

X
|

<
a

=
>

1
U

J
1

o
r
*

o
*

i
o

-
I

x
|

u
j

I
X

I
=

>
IIIII

o
-

I
X

I
u

j
l

X
I

**
o

r

3
0

to
u

j
t
-
o

o
o

U
Z

8
9

~i^oincn,ocyo.ocot3>
ajN

iM
l^eo^r>

.^

<
fm

riconcorirorocom
rirocococom

m
cororococom

^cococv,n)cocom
co?Srncom

cV
,SS

9
^^^^fc

2
S

S
^°^^P

^^^^^^m
^*

^^*
<

D
*

^"r-c
o

-o
r-^.l^rfc

o
c
o

r-c
jN

ir\c
j,o

c
O

J
-*

^.c
o

J
-o

>
ir,

S
^?

,^^^2
^^^^^*

^T
O

^0
0

0
0

0
0

0
0

^^*
°o

-^<
D

-o
^o

3
c
o

c
o

<
D

S
2

S
S

S
S

2
J
S

L
^S

S
S

m
romrororoc^mcM

CM
cococM

rocM
cM

rocomcocoromrlcocM
CM

W

r'cg?Jr1"H
<

xirgr,J'xl<
N

'<
v,'H

'J-,<
v',N

lrorororocM
rocM

cM
-i-H

rfcM
r-lcM

C
M

ro—
,-i.-irocM

rocM
.-<

—
<

-<
_<

,j-..j.-i_i
o

^
S

S
o

^
S

o
\2

S
o

S
S

o
S

2
r
^

.
.
°
°
°
°
°
°
m
°
°
°
°
,
°
°
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
*
0
0
0
0
0
0
0
°
°
°

roc^cMrjCMcMcocMrocococMCMrjcMcoroco^cOcoco^ro^

°
°
°
°
m
°
°
°
°
°
°
,
°
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
d
o
o
o
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d

c
o

ro
ro

o
in

-t^
^
c
o

-o
ro

c
j,^

ir*
L

O
^
o

io
^
ro

^
ro

o
>

c
M

f^
^
.to

o
>

-^
s*

c
o

ro
h

-C
7

,^
r^

c
D

^
rrt^

-rjj-.^
^

.-
<

-,v>
r^

*».
.

£
°£

£
£

!5
^

m
m

£
^

^
^

«
<

*
^

^
S

S
^

2
°c

o
6

c
o

^
^

m
£

^
,^

^
*

^
^
m

^
o

m
*

^
^
^
r
o

^
^
°
c
^
o

c
o

o
r
o

^
tjo

c
^
c
O

r
f*

to
ir

\r
o

r
o

a
r
-m

*
i^

03*03
>

o
*

rt^
o

ro
^
c
M

^
^n,^rf™

™
™

™
m

m
~

^^™
^™

™
™

m
™

rororo~
.-^rorocororo^™

.-^co£^
^m

ininininuiinuiinm
inuiinininw

i™
rorororocM

rorocM
rocM

CM
CM

rorJrocM
rJrorlr^rorororocM

ror^rJc^

SSS25£SSS™
22™

m
m

roro"rom
roO

T
O

T
m

rom
®

roro»»ro»m
ro»co5cococoS5£^^

°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
°
0
0
0
0
0
0
0
0
0
0
0
°
0
0
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
d
o
o
o
d
d
d
d
d
d
d
d
d
d
d
d
d
d
o
d
d
d
d
d
d
d
d
d
d
d
d

m
<orom

m
m

m
rocom

com
m

cofocon*m
rorociicom

coc<im

3
0
0
0
0
0
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
d
o
o
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d
d

^
r-u

^
u

o
i-corM

~
c*o^ir,.r>

.o
cocococotococoh-couoir.uom

^
r*rZ

r*^
r*r^

rZ
rlrZ

r!rZ
JirlrU

ltl
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
«

•
•
•
•
•
•
,
.
.

*
ro

-*
u

o
e
rio

o
-o

,o
.o

.o
c
o

c
o

-iu
io

o
o

_
w

in
ro

ro
in

c
o

a
5

<
D

^

<
>

»
^

i'o
ijo

.o
<

o
r-h

.o
o

>
o

-o
o

..o
r-t-r-o

3
.o

*
o

3
.o

r--N
r-r-r->

o
u

o
<

_
^

^
w

^
-w

i^
u

o
.o

.c
.n

-o
-o

irw
u

^
u

o
X

X
^

°*^^^^"^**°™
^^*^**m

*m
r^*N

0N
0N

^«*°^m
^*^c7'—

*c>
*roor-om

c^>
oc3>

>
oi7>

**—

£
^
2

"
^
*

^
£

m
*

^
m

*
m

*
*

*
*

^
*

*
*

°
0

^
r
o

*
*

r
o

c
jo

>
o

c
*

o
^
.-.r

o
,o

i/o
(y

c
o

a
^

uj
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
d

o
o

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
d

d
_

i
U

J

>
rom

-*r-^orom
m

i«/o^,o^o_o_,_cro>
o-oo.-m

cot<
iirccM

*ir\uic^cpo>
«rtcoroooooc)icP

Q
<

-'-irtC
M

(ofo*j-
uj

--^~
^-^-™

™
™

ro
ro

ro
ro

cM
ro

m
m

m
ro

ro
m

*
*

.cr*
.»

*
*

irv-^^



ROD
NO

TSURF
DEG C KW/M**2

HEXPS

********** STEADY STATE TEST C **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP UHEXP
KW/1**2 c

HDB

LEVEL F

1 1.07 719.0 571.8 1.46 0.087 1.52 0.10 3.24
3 1.07 711.2 583.1 1.52 0. 089 1.58 0.10 3.24
4 1.07 716.5 577.7 1.49 0.086 1.54 0.10 3.24
7 1.07 725.2 559.8 1.41 0.083 1.46 0.10 3.24
7 1.07 719.3 559.8 1.43 0.084 1.48 0.10 3.24

10 1.07 697.4 565.0 1.53 0.091 1.59 0.11 3.24
10 1.07 699.5 565.0 1.52 0.091 1 .58 0.11 3.24
10 1.07 693.3 565.0 1.55 0.093 1.61 0.11 3.24
13 1.07 708.6 578.7 1.52 0.089 1.58 0.10 3.24
13 1.07 704.3 578.7 1.54 0.093 1.60 0.11 3.24
14 1.07 683.0 564.1 1.59 0.093 1.65 0.11 3.24
15 1.07 703.8 606.1 1.61 0.094 1.67 0.11 3.24
16 1.07 712.8 563.6 1.46 0.086 1.52 0.10 3.24
17 1.07 699.0 567.3 1.53 0.088 1.59 0.10 3.24
18 1.07 639. 1 568.8 1.83 0.109 1.91 0.13 3.24
20 1.07 665.9 568.2 1.68 0.098 1.75 0.12 3.24
21 1.07 676.4 569.2 1.63 0. 103 1.70 0.12 3.24
28 1.07 707.8 564.1 1.48 0.086 1.54 0.10 3.24
28 1.07 698.3 564.1 1.52 0. 089 1.58 0.10 3.24
28 1.07 701.7 564.1 1.51 0.088 1.57 0.10 3.24
31 1.07 696.8 573.5 1.55 0.092 1.62 0.11 3.24
31 1.07 699.7 573.5 1.54 0.090 1.60 0.11 3.24
34 1.07 701.4 579.0 1.55 0.092 1.61 0.11 3.24
37 1.07 684.6 573.4 1.61 0.103 1.67 0.12 3.24
38 1.07 706.3 573.3 1.51 0.089 1.57 0.10 3.24
42 1.07 707.7 570.0 1.50 0.090 1.56 0.10 3.24
45 1.07 699.2 582.8 1.57 0.091 1.63 0.11 3.24
45 1.07 703.3 582.8 1.55 0.090 1.61 0.11 3.24
53 1.07 716.9 585.5 1.50 0. 089 1.56 0.10 3.24
59 1.07 707.9 565.9 1.49 0.087 1.55 0.10 3.24
59 1.07 705.3 565.9 1.50 0.087 1.56 0.10 3.24
59 1.07 712.1 565.9 1.47 0.088 1.53 0.10 3.24
60 1.07 728.2 571.0 1.43 0.085 1.48 0.10 3.24
64 1.07 764.8 572.2 1.31 0. 076 1.35 0.09 3.24
64 1.07 769.4 572.2 1.30 0.075 1.34 0.08 3.24
64 1.07 767.8 572.2 1.30 0.075 1.34 0.08 3.24

LEVEL G

1 1.32 719.9 572.6 1.46 0.087 1.88 0.15 2.18
14 1.32 687.8 564.8 1.57 0.096 2.07 0.18 2.18
16 1.32 746.4 562.5 1.34 0.080 1.70 0.13 2.18
16 1.32 747.4 562.5 1.34 0.079 1.69 0.13 2.18
18 1.32 725.5 567.8 1.43 0.083 1.83 0.14 2.18
18 1.32 705.3 567.8 1.50 0.088 1.95 0.16 2.18
18 1.32 722.8 567.8 1.44 0.083 1.84 0.15 2.18
20 1.32 662.1 567.1 1.70 0.099 2.29 0.20 2.18
20 1.32 706.0 567.1 1.50 0.090 1.95 0.16 2.18
20 1.32 720.7 567.1 1.44 0.085 1.85 0.15 2.18
21 1.32 705.7 569.1 1.51 0.087 1.96 0.16 2.18
34 1.32 787.0 577.7 1.26 0.074 1.55 0.11 2.18
37 1.32 709.6 573.9 1.50 0.088 1.95 0.16 2.18
38 1.32 720.8 574.2 1.46 0.086 1.88 0.15 2.18
42 1.32 778.7 568.9 1.26 0.085 1.56 0.13 2.18
42 1.32 781.4 568.9 1.25 0.073 1.55 0.12 2.18
45 1.32 720.0 581.7 1.48 0. 088 1.90 0.16 2.18
45 1.32 725.5 581.7 1.46 0.087 1.87 0.15 2.18
45 1.32 724.5 581.7 1.47 0.087 1.88 0.15 2.18
47 1.32 742.6 574.4 1.38 0.082 1.75 0.14 2.18
50 1.32 774.1 562.1 1.26 0.073 1.56 0.12 2.18
58 1.32 750. 1 570.6 1.35 0.079 1.70 0.13 2.18
60 1.32 749.0 569.9 1.35 0.081 1.70 0.13 2.18
64 1.32 761.3 571.1 1.32 0.077 1.65 0.12 2.18
64 1.32 758.7 571.1 1.33 0.077 1.66 0.13 2.18

HCB
KW/M**2 C

OGD
KW/M**2

1.32 536.9
1.32 526.0
1.32 533.4
1.31 545.5
1.31 537.4
1.33 506.9
1.33 509. 8
1.33 501.5
1.32 522.4
1.32 516.4
1.34 487.6
1.32 515. 7
1.32 52 8.2
1.33 509. 1
1.38 428.3
1.35 464.2
1.35 478.5
1.32 521.3
1.33 508.1
1.33 512.9
1.33 506.0
1.33 510. 1
1.33 512.4
1.34 489. 7
1.32 519.3
1.32 521.2
1.33 509.3
1.33 515. 1
1.32 534.0
1.32 521.5
1.32 517.8
1.32 527.2
1.31 549. 8
1.29 601.0
1.29 607. 6
1.29 605.3

1.38 497.0
1.40 448.0
1.36 537.9
1.36 539.5
1.37 505. 5
1.39 474. 6
1.37 501. 2
1.42 408.8
1.39 475.4
1.38 498.0
1.39 474.9
1.34 601.3
1.38 481.0
1.38 498.1
1.35 588. 1
1.34 592.4
1.38 497. 1
1.37 505. 5
1.37 504.0
1.36 532.0
1.35 580. 8
1.36 543. 5
1.36 542. 1
1.35 561. 1
1.35 556.9
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ROD
NO

LEVEL E7

1
34
37
50

1.01
1.01
1.01
1.01

LEVEL E8

1
14
34
37
38

1.05
1.05
1.05
1.05
1.05

LEVEL Fl

17 1.11
21 I.11
34 1.11
37 1.11
50 1.11

LEVEL F2

1
14
17
34
38
50

1.14
1.14
1.14
1.14
1.14
1.14

LEVEL F3

14
17
21
34
60

1.17
1.17
1.17
1.17
1.17

LEVEL F4

60 1.20

LEVEL F5

21 1.22
60 1.22

LEVEL F6

1
17
37
38
50
60

1.25
1.25
1.25
1.25
1.25
1.25

LEVEL F7

14
17
21
37
38
50
60

1.27
1.27
1.27
1.27
1.27
1.27
1.27

TSURF
DEG C

712.3
6 74.2
672.4
664.2

718.7
691.8
692.8
6 79.7
693.8

713.8
691.1
721.6
705.6
708.5

727.4
697.2
716.8
737.4
729.9
721.4

702.8
712.0
699.3
754.4
723.4

635.2

634.8
684.0

686.4
696.7
681.5
680.8
726.7
713. 7

681.6
713.1
678.3
696.0
697.3
744.4
728.8

KW/M**2

571.3
578.3
573.2
562.7

571.6
564.4
578.6
573.5
573.3

566.9
569.8
578.4
5 73.4
562.8

572.1
564.6
567.4
578.9
573.6
563.3

563.9
566.5
569.4
578.0
570.2

570.0

569.1
569.9

571.4
566.8
573.1
573.1
563.6
570.6

564.2
566.8
569.7
573.3
573.0
562.7
570.5

HEXPS

1.49
1.67
1.66
1.67

1.46
1.55
1.58
1.63
1.57

1.47
1.57
1.47
1.52
1.48

1.43
1. 53
1.46
1.41
1.43
1.43

1.50
1.47
1.53
1.35
1.44

1.85

1.85
1.60

1.59
1.54
1.62
1.62
1.41
1.48

1.59
1.47
1.63
1.56
1.55
1.35
1.42

********** STEADY STATE TEST C **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/M**2 C

0.088
0.100
0.098
0.099

0.087
0.092
0.095
0.095
0.091

0.085
0.092
0.087
0.088
0.086

0.084
0.093
0.084
0.083
0.083
0.083

0.090
0.085
0.088
0.080
0.087

0.110

0.108
0.094

0.098
0.090
0.095
0.095
0.083
0.086

0.096
0.085
0.094
0.091
0.090
0.079
0.083

1.50
1.68
1.68
1.68

1.50
1.59
1.63
1.67
1.61

1.57
1.68
1.57
1.62
1.58

1.56
1.68
1.59
1.54
1.55
1.56

1.69
1.65
1.72
1.50
1.61

2.21

2.27
1.90

1.94
1.86
1.98
1.99
1.68
1.77

1.99
1.80
2.03
1.93
1.92
1.63
1.73

UHEXP

0.09
0.11
0.11
0.11

0.10
0.10
0.11
0.11
0.10

0.10
0.11
0.11
0.11
0.10

0.10
0.12
0.11
0.10
0.10
0.10

0.12
0.11
0.12
0.10
0.12

0.18

0.19
0.15

0.16
0.14
0.16
0.16
0.12
0.13

0.16
0.14
0.16
0.15
0.15
0.12
0.13

HDB

3.91
3.91
3.91
3.91

3.47
3.47
3.47
3.47
3.47

2.90
2.90
2.90
2.90
2.90

2.70
2.70
2.70
2.70
2.70
2.70

2.55
2.55
2.55
2.55
2.55

2.44

2.37
2.37

2.31
2.31
2.31
2.31
2.31
2.31

26
26
26
26
26
26
26

HCB
KW/M**2 C

OGD
KW/M**2

1.31
1.33
1.33
1.34

540.9
489.4
487.0
476.0

1.31
1.33
1.33
1.34
1.33

541. 0
504.3
5 05.6
488.0
506.9

1.33
1.34
1.32
1.33
1.33

521.4
489.6
532.2
510.0
514. 2

1.33
1.35
1.33
1.32
1.33
1.33

535. 1
491.8
519. 6
549.6
538. 7
526.3

1.35
1.35
1.35
1.32
1.34

494. 7
508.2
489. 6
569.6
524.4

1.42 393.6

1.43 388.7
1.38 459.7

1.38 458.9
1.37 474.2
1.39 451.9
1.39 450.8
1.35 518.6
1.36 499.6

1.39 448. 1
1.37 495.0
1.39 443.5
1.38 469.5
1.38 471.5
1.35 542.5
1.36 518.5



ROD X
NO

LEVEL F8

1 1.30
17 1.30
21 1.30
34 1.30
37 1.30
50 1.30
60 1.30

********** STEADY STATE TEST C **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

D-H*. KW/M°**2 ?!^-S ^!_!JKW/HEXP UHEXP HDB HCB QGD
KW/1**2 C KW/M**2 C KW/M**2

?12-_ 572.5 1.46 0.086 1.83 0.14 2.21
115*1 567.7 1.43 0.083 1.79 0.14 Z.Z1
§3?*f 570.6 1.56 0.090 2.00 0*16 2*21
T-Ti*8. I7.?'? i'30 °-077 1.59 0*12 2.21
12?"§ IZM \'\\ 2'°§8 I-" 0*15 I 21Itl'l IS?*6 }•?? °*075 1.58 0.12 2.21746.4 571.4 1.36 0.079 1.69 0.13 I'll

1.37 501.9
1.37 507. 8
1.39 459.8
1.34 5 80.0
1.38 483.8
1.35 566.9
1.36 540. 8
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NOMENCLATURE

HCB - CONDIE-BENGSTON HEAT TRANSFER
HOB - DITTUS-BOELTER HEAT TRANSFER
HOR - DOUGALL-ROHSENOW HEAT TPANSFE
HDRPW - DOUGALL-ROHSENOW HEAT TRANSFE

WALL PRANDTL NUMBER
HEXP - EXPERIMENTAL HEAT TRANSFER CO

Q/ITSURF-TEULKI
HEXPS - EXPERIMENTAL HEAT

Q/ITSURF-TSAT)
HG57 - GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
HG59 - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
0 - HEAT FLUX
QGD - GROENEVELD-DELORME HEAT FLUX

SDTSRF - CROSS-SECTIONAL STANDARD DEVIATION OF THE
SURFACE TEMPERATURE
CROSS-SECTIONAL STANDARD DEVIATION OF THE
HEAT FLUX
BULK VAPOR TEMPER

COEFFICIENT
COEFFICIENT
R COEFFICIENT
R COEFFICIENT,

EFFICIENT
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SURFACE TEMPERATURE
EQUILIBRIUM FLUID TEMPERATURE
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COEFFICIENT
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QUALITY
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TSAT
TSRF(TSURF)
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

EXPERIMENTAL HEAT TRANSFER

GROENEVELD 5.7 HEAT TRANSFER

GROENEVELD 5.9 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY

ATURE
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********** STE-,DY STATE TEST - 4***„,t;(,+

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

RNO X Utc KW/M**2 HEXPS UHEXPS "EXP UHEXP HDB "° u KW/M** 2 KW/i.**2 C ------ HCB QGD
KW/M**2 C KW/M**2

LEVEL F7

\% !-*S! 622.2 692? :o tU:l lll:l HI §•»§ f.fs o _6 5.79
fi :8 _&_ 67.l:i |"U g-Jfi |:| 8: i:77l

[:§f -3.:1 . . • |:|f 8:11 ?:?!60 1.01 645.1 698.0 1111 S'Hi Hf °.|| 5.79

2 .38
...2/
2 .43
2,.35
.29

2,.22
2,.22

2..1?
2.,28
2.,43
2. 18
2.,29

2.,16
2.,1b

0,.16
0,.15
0,. 16
0,. 16
0,.1 4
0..15
0..15

0. 14
U.,15
0.,16
0. 15
0. 15
0. 14
0. 14

LEVEL F8

it liS Iff llfi III °*- l:H M i-1?
B 1:81 . :I •< §: ft izti 8:_f .
50 1.03 65410 686:° f.'fj S'lM l*?2 n*i5 5.1760 1.03 660.8 698.3 Illf ..'if? f^f °;ft 5.17

5.79

1.95
1 .92
1,.96
1..93
1..92
1,.9?
1,.91

1.,89
1.,93
1.,9f>
1. 90
1. 93
1. 91
1. 90

660,. 7
688,.5
651 ,.4
6 (-5,.9
tyo.. 7
69c".,3
10b.,6

733. 4
680. 4
64H. 7
/21. 7
6H/. 3
no. 1
'23. 9
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MASS FLUX 4.370E+05 LBM/SOFT H UNC.

593.04 KG/SQM S

********** STEAOY STATE TEST E **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

MASS FLUX 9.951E*03 LBM/SOFT H PRESSURE 1908.0

13.5033 KG/SQM S 13.16
PSI

MPA

LEVEL i0 SDO TSRF SDTSRF TF

ENG SI ENG SI ENG SI ENG SI ENG SI ENG
E 2.287 720.4 0.034 10.75 1234.7 668.5 46.72 25.956 629.0 332.0 0.443
F 2.275 716.8 0.040 12.68 1220.4 660.5 39.99 22.218 629.0 33 2.0 0.443
G 2.260 712.0 0.052 16.34 1155.5 624.5 29.19 16.215 629.0 332.0 0.443
El 2.260 712.0 0.022 7.04 1260.0 682.6 61.40 34.114 629.0 332.0 0.443
E2 2.221 699.6 0.069 21.84 1251.2 677.6 30.09 16.719 629.0 332.0 0.443
E2 2.264 713.0 0.021 6.54 1270. 7 688.5 22.75 12.639 629.0 332.0 0.443
E6 2.201 693.2 0.085 26.67 1160.t 627.3 35.50 19.720 629.0 332. 0 0.443
E7 2.269 714.7 0.025 8.01 1181.3 638.8 37.09 20.603 629.0 332.0 0.443
E8 2.278 717.5 0.012 3.78 1211.5 655.6 22.90 12.724 629.0 332.0 0.443
Fl 2.241 706.0 0.054 16.89 1210.1 654.8 16.16 8.977 629.0 332.0 0.443
F2 2.264 713.1 O.022 6.80 1228.4 665.0 28.10 15.610 629.0 332.0 0.443
F3 2. 243 706.4 0.053 16.67 1218.6 659.6 18.96 10.535 629.0 332.0 0.443
F5 2.220 699.2 0.069 21.82 1054.1 568.1 18.46 10.258 629.0 332. 0 0.443
F6 2.242 706.2 0.047 14.88 1111.1 599.8 14.60 8.110 629.0 332.0 0.443
F7 2. 242 706.2 0.043 13.51 1118.1 603.8 14.17 7.872 629.0 332.0 0.443
F8 2.247 707.9 0.047 14.83 1144.1 618.1 24.09 13.385 6 29.0 332.0 0.443

NOMENCLATURE

G
SCQ
TSRF OEG F
SDTSRF DEG F
TF DEG F
LTF DEG F

ENG

BTU/F FT**2
BTU/H FT**2

1E5
1E5

SI

KW/M** 2
KW/M** 2
DEG C
DEG C
DEG C
DEG C

Test E

T/C Level (# wet T/C)/(Total # T/C,

D All wet
All dry

UNC. PRESSURE 6.00 PSI

C.041 MPA

UTF UX

SI

0.2 .5757 . 0282

0.2 .7637 . 0329

0.2 .9495 . 03 75

0.2 .6058 . C290

0.2 .6274 .0297

0.2 .652 8 . 0305

0.2 .7063 . C317

0.2 .7242 . 0320

0.2 .7477 . C325

0.2 .7937 . 0337

0.2 .8172 .0344

0.2 .840 7 . 0351

0.2 . 8783 . 0360

0.2 .8951 .0363

0.2 .9111 . 0366

0.2 .9336 . C371

o
CO
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********** STEADY STATE TEST f£ **********

INTERMEDIATE LEVELS

ROD X TSURF
DEG C

Q
KW/M**2

HEXP UHEXP HOR
KW/M**2 C

UHDR HDRPW HG57 UHG57 HG59
W/M**2 C

UHG59 HCB PGD
KW/M**2

NO

LEVEL

1
38
50

El

0.61
0.61
0.61

721.2
670.1
656.4

716.8
715.3
703.9

1.842
2.116
2.170

0.113
0.126
0.135

4.862
4.862
4.862

0.113
0.113
0.113

3.397
3.415
3.421

2.118
2.152
2.163

0.034
0.034
0.035

1.880
1.912
1.923

0.039
0.039
0.040

1.818
1.871
1.889

580.9
505. 0
485. 3

LEVEL

21
60

E2

0.63
0.63

670.3
696.8

712.3
712.1

2.105
1.952

0.124
0.119

4.974
4.974

0.114
0.114

3.49 5
3.485

2.185
2.166

0.034
0.034

1.950
1.932

0.039
0.039

1.884
1.854

520. 1
560. 1

LEVEL

17
34
37
38
50
60

E3

0.65
0.65
0.6 5
0.65
0.65
0.65

682.6
699.2
675.4
688.4
677.7
707.5

708.8
723.1
715.1
715.2
703.9
712.1

2.022
1.969
2.083
2.007
2.036
1.896

0.126
0.124
0.124
0.119
0.129
0.115

5.104
5.104
5.104
5.104
5.104
5.104

0.117
0.117
0.117
0.117
0.117
0.117

3.581
3.575
3.584
3.579
3.583
3.572

2.213
2.202
2.219
2.209
2.217
2.196

0.034
0.034
0.034
0.033
0.034
0.033

1.984
1.973
1.990
1.980
1.988
1.968

0.039
0.039
0.039
0.039
0.039
0.039

1.884
1.866
1.893
1.878
1.890
1.858

556.3
582. 6
545. 2
565.4
548. 6
595.8

LEVEL

60

E6

0.71 641.3 712.1 2.302 0.140 5.377 0.118 3.794 2.326 0.033 2.106 0.038 1.972 528.7

LEVEL

1
34
37
50

E7

0.72
0.72
0.72
0.72

663.1
630.4
646.5
615.3

716.7
723.1
715.1
703.8

2.165
2.423
2.2 74
2.485

0.135
0.155
0.137
0.155

5.467
5.467
5.46 7
5.467

0.118
0.118
0.118
0.118

3.844
3.862
3.852
3.871

2.329
2.362
2.345
2.381

0.032
0.033
0.032
0.034

2.113
2.145
2.129
2.163

0.037
0.039
0.038
0.039

1.950
2.001
1.974
2.029

577. 5
522. 9
549. 7
497.7

LEVEL

1
34
37
38

E8

0.75
0.75
0.75
0.75

670.1
639.4
654.1
658.8

716.7
723.1
715.1
715.2

2.120
2.352
2.220
2.189

0.132
0.148
0.134
0.131

5.585
5.585
5.585
5.585

0.118
0.118
0.118
0.118

3.922
3.938
3.930
3.928

2.353
2.383
2.367
2.363

0.031
0.032
0.031
0.031

2.142
2.171
2.156
2.152

0.037
0.037
0.037
0.036

1.954
1.999
1.976
1.969

607. 5
554. 7
580. 3
588. 1

LEVEL

17
21
34
37
50

Fl

0.79
0.79
0.79
0.79
0.79

663.4
649.0
654.8
667.7
644.9

708.5
712.0
722.8
714.8
703.5

2.138
2.246
2.239
2.130
2.249

0.126
0.136
0.140
0.128
0.135

5.815
5.815
5.815
5.815
5.815

0.120
0.120
0.120
0.120
0.120

4.088
4.095
4.092
4.086
4.098

2.413
2.428
2.422
2.409
2.432

0.030
0.030
0.031
0.030
0.030

2.211
2.224
2.219
2.207
2.229

0.035
0.036
0.036
0.035
0.0 36

1.989
2.010
2.002
1.983
2.017

634.3
607.9
618.6
642. 1
600.4

LEVEL

1
14
17
34
38
50

F2

0.82
0.82
0.82
0.82
0.82
0.82

681.8
643.8
665.0
666.1
682.2
651.1

717.0
710.3
708.9
723. 2
715.3
703.9

2.0 50
2.278
2.129
2.165
2.043
2.206

0.123
0.149
0.125
0.134
0.121
0.133

5.931
5.931
5.931
5.931
5.931
5.931

0.122
0.122
0.122
0.122
0. 122
0.122

4.163
4.183
4.171
4.170
4.163
4.178

2.423
2.459
2.437
2.436
2.422
2.451

0.029
0.031
0.029
0.030
0.029
0.030

2.224
2.259
2.238
2.237
2.224
2.252

0.035
0.036
0.035
0.035
0.034
0.035

1.979
2.032
2.001
1.999
1.979
2.021

689. 5
619. 4
658. 3
660.3
690. 2
632.9

LEVEL

14
17
21
34
60

F3

0.84
0. 84
0.84
0.84
0.84

644.7
660.5
654.4
675.8
656.7

710.0
708.4
711.9
722.7
711.7

2.270
2.157
2.208
2.102
2.192

0.142
0.127
0.130
0.130
0.141

6.047
6.047
6.047
6.047
6.047

0. 124
0.124
0.124
0. 124
0. 124

4.262
4.253
4.257
4.246
4.255

2.482
2.465
2.471
2.451
2.469

0.030
0.029
0.029
0.029
0.030

2.285
2.269
2.275
2.256
2.273

0.036
0.035
0.035
0.035
0.035

2.044
2.020
2.029
1.999
2.026

6^1.9
671. 5
660. 3
700. 4
664.6

LEVEL

21
60

F5

0.88
0.88

557.1
577.4

711.9
711.7

3.163
2.900

0.194
0.183

6.231
6.231

0.125
0.125

4.475
4.450

2.664
2.617

0.034
0.033

2.467
2.421

0.040
0.039

2.291
2.219

508.8
548. 0

LEVEL

1
17
37
38

. F6

0.90
0.90
0.90
0.90

615.8
602.1
596.3
59 6.5

716.3
708.4
714.7
714.8

2.524
2.623
2.705
2.703

0.171
0.163
0.169
0.166

6.313
6.313
6.313
6.313

0.125
0.125
0. 125
0.125

4.473
4.485
4.490
4.490

2.564
2.585
2.594
2.594

0.034
0.032
0.033
0.032

2.371
2.391
2.401
2.400

0.040
0.039
0.039
0.039

2.130
2.161
2.175
2.175

637. 8
£10. 7
599. 2
599.6
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********** STEADY STATE TEST F **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS
fASS FLUX 1.881E+05 LBM/SOFT H UNC. MASS FLUX 4. 250E*03 LBM/SOFT H PRESSURE

255.26 KG/SQM S 5.7674 KG/$QM s 1829.6 PSI UNC. PRESSURE 6.00 PSI

12-62 MPA Q.041 MPA

LEVEL

F

G

E6

E7

E8

F 1

F2

F3

F4

F5

F6

F7

F8

ENG

1.223

1.224

1.218

1.228

1.237

1.212

1.223

1.211

1.220

1.199

1.211

1.210

1.215

NOMENCLATURE

ENG

SI

385.2

3 85.7

383.7

386.9

389.7

3 81.7

385.2

381.6

384.4

377.6

381.3

381.1

382.7

SDO

ENG

0.026

0.020

0.000

0.000

0.012

0.031

0.014

0.031

0.000

0.040

0.026

0.024

0.027

SI

8.17

6.40

0.00

0.00

3.77

9.86

4.30

9.82

0.00

12.54

8.21

7.43

8.57

C
SDQ
TSRF _„ .
SCTSRF DEG F

BTU/H FT**2 X
BTU/H FT**2 X
OEG F

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

TF
UTF

DEG F
DEG F

ENG

1099.3

1172.8

1068. 2

1146.5

1109.5

1087.1

1125.6

1129.9

1055.0

1059.4

1119.8

1123.9

1162.5

rSRF

SI

593.3

634.1

576.0

619.5

598.9

586.5

607.9

610.3

568.7

571.1

604.6

606.9

628.4

SDTSRF

ENG

50.81

41.10

0.00

0.00

76.51

22.50

48.78

37.58

0.00

36.36

30.40

25.00

36.23

28

22

0

0

42

12

27,

20,

0.

20.

16.

13.

20.

SI

.227

.836

.000

,000

,505

,502

102

879

000

199

891

890

128

ENG

623.2

697. 7

623.2

623.2

623.2

623.2

627.2

63 7. 5

648.0

656.6

666.3

676.0

688.3

TF

SI

328.8

370.2

32 8. 8

328.8

328.8

328. 8

331.0

336.7

342.6

347.3

352.7

358.1

364.9

Test F

T/C Level (# wet T/C)/(Total # T/C)

E3 All wet

E6 1/2
E7 1/4
E8 1/5
F All dry

UTF

ENG

0.443

21.885

0.443

0.443

0.443

0.443

13.237

15.754

17.781

19.060

19.579

20.181

20.990

SI

0.2

12.2

0.2

0.2

0.2

0.2

7.4

8.8

9.9

10.6

10.9

11.2

11.7

.9454

1.175 0

.8746

.896 7

.925 7

.9824

1.0114

1.0404

1.067 1

1 .086 8

1. 1077

1.1274

1.1553

UX

.0388

. 0445

.03 72

.0377

. 0383

.0398

.0406

.0415

.0423

.04 26

. 0430

. 0434

. 0440 ©
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********** STEADY STATE TEST p **********

INTERMEDIATE LEVELS

ROD X TSURF
DEG C

0
KW/M**2

HEXP UHEXP HDR
KW/M**2

UHDR HDRPW HG57 UHG57 HG59
KW/M**2 C •

UHG59 HCB QGD
KW/M**2

NO

LEVEL

60

E6

0.87 576.0 383.7 1.552 0.091 3.009 0.066 2.189 1.420 0.018 1.102 0.018 1.162 222. 3

LEVEL

1

E7

0.90 619.5 386.9 1.331 0.078 3.062 0.066 2.206 1.390 0.017 1.079 0.018 1.110 269.3

LEVEL

1
34

E8

0.93
0.93

629.0
568.9

387.1
392.4

1.289
1.634

0.076
0.098

3.131
3.131

0.066
0.066

2.252
2.280

1.392
1.446

0. 020
0.021

1.081
1.125

0.021
0.022

1.107
1.184

290. 5
234. 6

LEVEL

17
21
34
37
5C

Fl

0.98
0.98
0.98
0.98
0.98

600.7
567.1
599.6
586.2
583.7

383.4
385.3
392.4
385.1
381.2

1.410
1.617
1.449
1.496
1.495

0.081
0.09 5
0.086
0.087
0.087

3.265
3.265
3.265
3.265
3.265

0.077
0.077
0.077
0.077
0.077

2.359
2.377
2.360
2.367
2.368

1.409
1.443
1.410
1.422
1.424

0.053
0.053
0.052
0.053
0.053

1.089
1. 117
1.090
1.100
1. 10 2

0.064
0.067
0.065
0.065
0.066

1.149
1.199
1.150
1.168
1.172

288.9
256. 0
287.8
274. 6
272. 2

M

M



ROD
NO

TSURF
DEG C KW/M**2

HEXPS

********** STEADY STATE TEST F **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/*1**2 C

UHEXP HDB

LEVEL F2

1
14
17
34
38
50

1.01
1.01
I.01
1.01
I.01
1.01

654.3
571.6
608.8
613.9
602.3
596.6

387.1
381.0
383.4
392.4
385.9
381.2

1.19
1.57
1.37
1.38
1.41
1.42

0.069
0.095
0.079
0.081
0.082
0.083

1.20
1.58
1.38
1.39
1.42
1.44

0.07
0.11
0.09
0.09
0.09
0.09

3.24
3.24
3.24
3.24
3.24
3.24

LEVEL F3

14
17
21
34
60

1.04
1.04
1.04
1.04
1.04

584.3
610.7
589.4
630.1
636.3

381.0
383.4
385.3
392.4
384.4

1.49
1.36
1.48
1.30
1.25

0.088
0.078
0. 086
0.0 76
0.074

1.54
1.40
1.52
1.34
1.28

0.11
0.09
0.10
0.09
0.08

2.88
2.88
2.88
2.88
2.88

LEVEL F4

60 1.07 568.7 384.4 1.60 0.094 1.70 0.13 2.65

LEVEL F5

21
60

1.09
1.09

551.2
591.6

385.3
384.4

1.73
1.46

0.101
0.086

1.89
1.57

0.15
0.12

2.50
2.50

LEVEL F6

1
17
37
38
50
60

1.11
1.11
1.11
1.11
1.11
1.11

633.9
605.0
589.4
588.3
601.6
620. 1

387.1
383.4
385.1
384.9
381.2
384.4

1.27
1.39
1.48
1.48
1.40
1.32

0.076
0.081
0.087
0. 086
0.082
0.077

1.38
1.52
1.63
1.63
1.53
1.44

0.10
0.11
0.12
0.12
0.11
0.10

2.37
2.37
2.37
2.37
2.37
2.37

LEVEL F7

14
17
21
37
38
50
60

1.13
1.13
1.13
1.13
1.13
1.13
1.13

592.6
615.3
589.5
603.1
603.2
614.0
633.2

381.0
383.4
385.3
385.1
384.9
381.2
384.4

1.44
1.34
1.48
1.40
1.40
1.34
1.26

0. 086
0.077
0.086
0.082
0. 081
0.078
0.073

1.62
1.49
1.66
1.57
1.57
1.49
1.40

0.13
0.11
0.13
0.12
0.12
0.11
0.10

2.26
2.26
2.26
2.26
2.26
2.26
2.26

LEVEL F8

I
17
21
34
37
50
60

1.16
1.16
1.16
1. 16
1.16
1.16
1.16

657.4
622.0
600.2
644.2
615.8
630.2
647.9

387.1
383.4
385.3
392.4
385.1
381.2
384.4

1.18
1.31
1.42
1.24
1.34
1.26
1.20

0. 068
0.075
0.082
0.073
0.078
0.074
0. 070

1.32
1 .49
1.64
1.41
1.54
1.44
1.36

0.09
0.11
0.13
0.10
0.12
0.11
0.10

2.14
2.14
2.14
2.14
2.14
2.14
2.14

HCB
KW/M**2 C

1.10
1.20
1.14
1.14
1. 15
1.16

1. 18
1.15
1.18
1.13
1.12

1.21

1,.25
1.. 18

1,,14
1 , 1 /
1,, 19
1., 19
1., 1 1
1.,1b

1..19
1. 16
1. 1 4
1. 1 /
1., 1 I
1. 16
1. 14

1. 13
1. 16
1. IH
1. 14
1. '6
1. 1 5
1. 13

QGD
KW/M**2

354. 1
270.0
307. 7
312.5
301.0
295.2

275.1
301.9
280.3
321.8
328.3

2 53.6

231.5
273.0

313.1
2 82. 8
266. 5
265. 5
2 79. 2
298.5

266. 0
289.7
262.9
277. 1
277.2
288.3
308.6

333.4
291. 8
268.7
315.9
285.1
300. 7
319. 8
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********** STEADY STATE TEST G **********

MASS FLUX 1.835E+05

248.97

LBM/SOFT H

KG/SQM S

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

UNC. MASS FLUX 4. 149E«-03 LBM/SOFT H PRESSURE 1817.6 PSI

5.6307 KG/SQM S 12.54 MPA

UNC. PRESSURE 6.00 PSI

C.041 MPA

LEVEL

ENG

G 1.038

F6 1.038

F8 1.037

NOMENCLATURE

ENG

SI

326.9

327.0

326.6

SDO

ENG

0.016

0.000

0.005

SI

5.18

0.00

1.66

Q
SDQ
TSRF
SDTSRF DEG F

BTU/H FT**2 X
BTU/H FT**2 X
DEG F

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

TF
UTF

DEG F
DEG F

TSRF

ENG SI

1077.5 581.2

1047.2 564.3

1067.9 575.8

SDTSRF

ENG SI

27.47 15.262

0.00 0.000

39.74 22.077

Test G

TF UTF X

ENG SI ENG SI

622.3 328.3 0.443 0.2 .9953

622.3 328.3 0.443 0.2 .9371

622.3 328.3 0.443 0.2 .9782

T/C Level (# wet T/C)/(Total li T/C)

Fl All wet

F2 5/6
F3 2/6
F4 1/2
F5 2/3
F6 2/7
F7 2/8
F8 All dry

UX

. 0387

. 0374

. 0383
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********** STEADY STATE TEST G **********

INTERMEDIATE LEVELS

"S8 X 5eSGURCF KW/M°**2 -HI-X-P ^!_ KW/MH*°**2 c J™* H£_R!_W HG57 UHG57 HG59 UHG59 HCB _ HV
KW/M**2 C KW/M**2

327.0 1.385 0.083 3.072 0.061 2.247 1.421 0.023 1.100 0.024 1.170 228.5

llkl 1:81 8:881 l:\tt 8:88 1:1?? l=«f 8:811 i:88? 8:88 l:iig iZ8:s

F6

1 0.94 564.3

LEVEL F8

1
60

0.98
0.98

591.4
560.2
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********** STEADY STATE TEST H **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 1 •887E+05 LBM/SOFT H UNC. MASS FLUX 4.216E*03 LBM/SOFT H PRESSURE 1288. 9 PSI UNC. PRESSURE 6.00 PSI

256.06 KG/SQM S 5.7217 KG/SQM S 8.89 MPA 0.041 MPA

LEVEL 0 SOO TSRF SDTSRF TF UTF X UX
ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.3*2 422.6 0.027 8.56 1150.3 621.6 73.03 40. 570 576.0 302.6 0.597 0.3 .8787 .0345
G 1.338 421.4 0.026 8.29 1300.7 705.1 48.67 27.038 629.8 332.4 25.473 14.2 1.0884 . C396
E6 1.312 413.3 0.000 0.00 1121.7 605.7 0.00 0.000 576.0 302.6 0.597 0.3 .8142 .0330
E7 1.353 426.1 0.019 6.05 1089.1 587.6 132.49 73.607 576.0 30 2.6 0.597 0.3 .8343 .0334
E8 1.362 429.1 0.013 4.20 1185.2 641.0 88.25 49.026 5 76.0 302.6 0.597 0.3 .8608 . 0340
Fl 1.323 416.7 0.040 12.55 1148.7 620.7 33.5 8 18.655 576.0 302.6 0.597 0.3 .9126 . 0353
F2 1.3*0 422.1 0.020 6.44 1204.9 652.0 66.57 36.985 576.0 30 2.6 0.597 0.3 .939 1 .0361
F3 1.322 416.5 0.043 13.66 1209.0 654.2 51.76 28.754 576. 0 302.6 0.597 0.3 .965 5 . 0369
FA 1. 278 402.6 0.049 15.37 1095.0 590.9 69.30 38.498 576.0 302.6 0.59 7 0.3 .9898 .0376
F5 1.298 408.9 0.049 15.40 1149.3 621.1 49.06 27.2 57 578.3 303.8 24.472 13.6 1.0079 .0379
Ft 1.317 414.7 0.036 11.24 1225.0 663.1 46.61 25.895 590.6 310.7 21.888 12.2 1.026 9 . 0383
F7 1.315 414.1 0.031 9.90 1234.5 668.4 38.80 21.557 603.2 317.7 24.788 13.8 1.0450 . 0386
F8 1.327 418.0 0.039 12.21 1285.1 696.5 46.54 25. 853 618.8 326.3 25.132 14.0 1.0704 .0392

NOMENCLATURE
Test H

ENG SI T/C Level (# net T/C)/(Total # T/C)

C BTU/H
SCO BTU/H
TSRF DEG F
SCTSRF DEG F
IF OEG F
UTF OEG F

FT**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

DEG C
DEG C
DEG C
DEG C

E3

E6

E7

E8

F

All wet

1/2
1/4
3/5

All dry
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DEG C

0
KW/H**2

HEXPS

********** STEADY STATE TEST H **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/M**2 C

UHEXP HDB

LEVEL F5

21 1.01 598.4 421.5 1.42 0.082 1.43 0.11 2.4760 1. 01 651.3 413.5 1.19 0.068 1.19 0.08 2.47

LEVEL F6

1 1.03 698.2 426.2 1.08 0.063 1. 10 0.07 2.3217 1.03 659.7 423.0 1.18 0.068 1.21 0.08 2.32
2.32
2.32

37 1. 03 633.7 414.1 1.25 0.072 1.28 0.09
38 1. 03 638. 2 414.4 1.23 0.071 1.27 0.0950 1.03 6 79.2 420.0 1.12 0.064 1.14 0.08 2.32

2.32
60 1.03 689.0 413.5 1.07 0.061 1.09 0.07

LEVEL F7

14
17

1.04
1.04

647.8
675.7

417.1
423.0

1.21
1.13

0.071
0.065

1.26
1.18

0.09
0.08

2.18
2.18
2.18
2.18
2.18

21 1.04 654.1 421.5 1.20 0.069 1.25 0.0937 1. 04 651.4 411.8 1.18 0.068 1 .23 0.0938 1. 04 658.7 414.4 1.16 0.067 1.22 0.09
50 1.04 695.4 420.2 1.07 0.062 1.11 0.08 2.18

2.18
60 1.04 705. 3 413.5 1.03 0.059 1.07 0.07

LEVEL F8

1 1.07 724.2 427.0 1.01 0.058 1 .07 0.07 2. 0317 1.07 6 84.1 423.2 1.11 0.063 1.18 0.08 2.0 321 1.07 671. 8 421.7 1.14 0.065 1.22 0.09 2.0334 1 .07 721.2 432.3 1.03 0.060 1.09 0.07 2. 0337 1. 07 665.9 414.3 1.14 0.066 1.22 0 .09 2. 0350 1. 07 715. 8 420.2 1.02 0.058 1.08 0.07 2.0360 1.07 719. 1 413.7 0.99 0.057 1.05 0.07 2.03

HCB QGD
KW/M**2 C KW/M**2

1.06 2 84.2
1.03 336.0

1.01 378.8
1.03 339. 8
1.04 314. 1
1.04 318.3
1.02 359.2
1.01 369.3

1.04 322.0
1.02 350.0
1.03 328.4
1.03 325. 7
1.03 332.8
1.01 370.3
1.01 380.9

I.01 394.3
1.02 351.8
1.03 339.2
1.01 391.0
1.03 333.0
1.01 385. 1
1.01 388.7
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*******'*** STE ADY STATE TEST I **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 2 • 674E+05 LBM/SOFT H UNC. MASS FLUX: 6.019E ♦03 LBM/SOFT H PRESSURE 1331. 5 PS I UNC. PRESSURE 6.00 PSI
362.83 KG/SQM S 8.1678 KG/SQM S 9.19 MPA C.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI
F 1.785 562.2 0.037 11.78 1153.5 623.4 75.73 42.070 580.3 304.9 0.597 0.3 .8885 . 0333
G 1.772 558.1 0.045 14.31 1272.2 689.3 47.47 26.372 633.4 334.4 24.747 13.7 1.0874 .0382
E6 1.743 549.1 0.000 0.00 1136.8 614.1 0.00 0.000 580.3 304.9 0.597 0.3 .8272 .0320
E7 1.791 564.2 0.037 11.52 1099.6 593.4 8.63 4.793 580.3 304.9 0.597 0.3 .846 3 . 0324
E6 1.784 561.9 0.047 14.72 1078.2 581.5 97.65 54.251 580.3 304.9 0.597 0.3 .8714 .0329
Fl 1.756 553.3 0.051 15.92 1152.2 622.6 37.24 20.687 580.3 304.9 0.597 0.3 .9206 .0342
F2 1.775 559.1 0.024 7.47 1196.0 647.0 38.23 21.238 580.3 304.9 0.597 0.3 .9458 . 0349
F3 1.755 552.9 0.055 17.42 1209.6 654.6 49.83 27.682 580.3 304.9 0.597 0.3 .9709 .0357
FA 1.6 99 535.2 0.063 19.74 1082.6 584.0 66.82 37.123 580.3 304.9 0.597 0.3 .9940 . 03 63
F5 1.725 543.4 0.063 19.97 1128.3 609.4 49.51 27.505 584.3 307.1 20.798 11.6 1.0111 . 0366
F6 1.750 551.2 0.047 14.86 1195.2 646.6 28.82 21.565 594.9 313.1 21.457 11.9 1.0291 .0370
F7 1.748 550.5 0.040 12.62 1209.3 654.4 39.90 22.166 605. 8 319. 1 24.173 13.4 1.0462 . 03 73
F8 1.762 555.1 0.050 15.83 1254.5 679.5 45.22 25.125 622.6 328.4 24.543 13.6 1.070 3 . 0378

NCMENCLATURE

Test I

ENG SI T/C Level (# wet T/C)/(Total # T/C)
0 BTU/H
SCO BTU/H
TSRF DEG F
SDTSRF DEG F
TF DEG F
LTF OEG F

FT**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

DEG C
OEG C
DEG C
DEG C

E2

E3

E6

E7

E8

All wet

6/7
1/2
2/4
3/5

F All dry
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ROO
NO

LEVEL E6

60 0.83

LEVEL E7

34
50

0.85
0.85

LEVEL E8

34
38

0. 87
0.87

LEVEL Fl

17
21
34
37
38
50

0.92
0.92
0.92
0.92
0.92
0.92

LEVEL F2

1
14
17
34
38
50

0.95
0.95
0.95
0.95
0.95
0.95

LEVEL F3

14
17
21
34
60

0.97
0.97
0.97
0.97
0.97

LEVEL F4

60 0.99

TSURF
DEG C

614.1

596.8
590.1

619.9
543.2

616.2
595.5
652.0
605.1
622.7
647.3

664.9
609.7
641.9
665.9
641.3
658.3

623.4
648.2
630.2
684.2
691.0

610.3

0
KW/M**2

HEXP

549.1 1.776

572.3
556.0

572.3
551.5

561.5
559.9
572.3
550.5
551.5
556.0

559.8
553.5
561.5
572.3
551.4
556.0

553.5
561.5
559.9
572.3
549.1

549.1

1.961
1.950

1.817
2.315

1.804
1.927
1.649
1.834
1.736
1.624

1.555
1.816
1.666
1.585
1.640
1.573

1.738
1.636
1.722
1.509
1.422

1.798

********** STEADY STATE TEST I **********

INTERMEDIATE LEVELS

UHEXP HDR
KW/M**2 C

UHDR

0.105

0.120
0.117

0.110
0.139

0.105
0.114
0.098
0.108
0.101
0.095

0.091
0.112
0.096
0.094
0.096
0.092

0.104
0.095
0.100
0.089
0.085

0.106

2.911

2.960
2.960

3.024
3.024

3.149
3.149
3.149
3.149
3.149
3.149

3.212
3.212
3.212
3.212
3.212
3.212

3.275
3.275
3.275
3.275
3.275

3.333

0.060

0.060
0.060

0.061
0.061

0.062
0.062
0.062
0.062
0.062
0.062

0.063
0.063
0.063
0.063
0.063
0.063

0.066
0.066
0.066
0.066
0.066

0.098

HDRPW

2.270

2.312
2.314

2.355
2.386

2.453
2.460
2.443
2.457
2.451
2.444

2.489
2.504
2.495
2.489
2.495
2.491

2.549
2.542
2.547
2.534
2.533

2.598

HG5 7

1.443

1.463
1.468

1.460
1.521

1.476
1.489
1.457
1.482
1.472
1.459

1.452
1.480
1.462
1.452
1.463
1.455

1.464
1.452
1.461
1.437
1.435

1.442

UHG57 HG59
KW/M**2

0.017

0.018
0.018

0.018
0.019

0.022
0.022
0.022
0.022
0.022
0.022

0.0 30
0.031
0.031
0.030
0.031
0.030

0.068
0.069
0.069
0.068
0.068

0.070

1.236

1.256
1.260

1.254
1.309

1.26 7
1.279
1. 251
1.273
1.264
1.253

1.244
1. 269
1.253
1.244
1.254
1.247

1.250
1.239
1.247
1. 226
1.224

1.219

UHG59

0.019

0.020
0.020

0.020
0.021

0.026
0.027
0.026
0.026
0.026
0.026

0.036
0.037
0.0 36
0.036
0.036
0.036

0.0 79
0.078
0.079
0.077
0.077

0.085

HCB

1.327

1.3 51
1.359

1.335
1.437

1.354
1.376
1.324
1.365
1.348
1.327

1.,3??
1. •168

1.,3 19
1., v; 1
1.,339
1.,32/

1..36?
1,.341
1..346
1,. 31 /
1..313

1.382

QGD
KW/M**2

320.

311. 3
303. 8

352. 2
264.4

378.6
i53. 4
423. 3
365. 3
386. 8
417.4

458.8
387.5
428.6
460. 2
427. 8
450.1

423. 4
456. 0
432. 5
505. 0
513. 9

423.2

00



********** STEADY STATE TEST I **********

INTERMEDIATE LEVELS

EQUILIBRIUM OUALITY GREATER THAN ONE

RNO° X ollf-! KW/§**2 -H!LPI "HEXPS HEXP _UHEXP_ HDB HCB ZV'
"'1"'! c KW/M**2 C KW/M**2

LEVEL F5

li 1:81 ii?:8 1&? tlk 8:J8 l:tt g:H l:l\ \-%\ »H
LEVEL F6

• i 1.03 658.2 568.2 1.61 0.099 1 6"5 n t •> -a in
17 1.03 638.2 561.5 1 68 0.099 1.73 o'll I'lO Ml 488-8
37 1.03 621.0 550.5 1.74 0.103, 1 79 n it I "in 1>37 460.6
38 1.03 626.7 55U5 KTl 0.100 1 76 n'll l*in *- 38 W.2
50 1.03 671.7 556:1 1^2 0.089 1 55 o#io \'\n U38 445-260 1.03 674.6 549.1 V.%% SloST llll g.'lo lllO \'\% !??• J

LEVEL F7

1? i:8l 111:* fSf-j l-io8 l\l%\ 1-2? g-ji i-ii 1-37
21 1.05 635.4 559.9 169 0.098 1 77 n'll I'q3, }'36 478.1
37 1»05 636.7 550.5 1.66 0 098 1 73 nit oil 1-37 449.9
38 1.05 647.4 55U5 l.bl 0.094 1 68 n'll I'll 1-37 *51 • 7
52 1-05 686.7 556^5 K46 o! 085 1 ll n'Tn 1*21 1'36 466.960 1.05 689.9 549.1 11*3 Si 811 \\l\ 8:18 fill J"|* ||2.3

LEVEL F8 '

1 1.07 694.6 569.0 1.46 0.086
17 1.07 664.2 561.7 1.56 0. 091
21 1.07 652.1 560.1 1.61 0. 093
34 1. 07 704.7 572.5 1.43 0. 085
37 1.07 652.7 550.7 1.58 0.092
50 1.07 706.4 556.2 1.39 0.081
60 1. 07 704.5 549.4 1.37 0. 080

1.55
1 .67
1.73
1.52
1.70
1.47
1.46

0.11
0.12
0.12
0.11
0.12
0.10
0.10

2.72
2.72
2.72
2.72
2.72
2.72
2.72

1.34 524.3
1.36 4 80. 8
1.37 463. 5
1.33 539.0
1.37 464.3
1.33 541.6
1.33 538. 8

NO
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HEXP - EXAP-ERIMENN?aI Rg?E?R*NS«R COEFFICIENT UHEXP - JSC|fj|Vgf EXPERIMENTAL HEAT TRANSFER
HEXPS - QEXPE^EnT|ULLKeAT TRANSFER COEFFICIENT UHEXPS - 5°NCERTAINTY, EXPERIMENTAL HEAT TRANSFER
HG57 - G^EN^lD^ HEAT TRANSFER COEFFICIENT UHG57 - UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER
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ROD
NO

LEVEL E

2
4
7
7
1Q
12
13
13
15
15
16
16
18
20
20
26
26
26
28
28
29
29
29
30
30
31
33
33
33
35
42
44
45
45
49
49
49
51
51
53
53
58
58
59
59
59
61
61
61
62
63
63
64
64

0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49

49
49
49
49
49
49
49
49

0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49

LEVEL F

3
4
7
7

10
10
10
13
13
15
16
17
18
20
21

0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

********** STEADY STATE TEST J

PRIMARY LEVELS

**********

TSURF 0 HEXP UHEXP HDR
DEG C KW/M**2 KW/M**2 C

UHDR

670.7
640.8
643.4
645.6
655.7
646.1
656.9
657.2
652.3
658.6
646.5
642.6
5T4.6
63 7.7
646.0
624.3
641.2
635.9
586.7
587.2
602.4
601.8
602.9
645.9
651.9
641.6
679.7
669.8
663.9
653.2
633.4
651.9
634.2
649.4
652.2
669.8
657.1
632.3
632.6
660.3
652.7
668.6
666.4
679.6
672.4
668. 8
641.7
644.7
646.7
685.8
678.7
679.9
726.8
709.7

656.8
669.0
666.7
657.2
634.6
633.3
633.7
641.3
635.3
634.1
652.7
632.7
597.4
624.8
585.8

776.8
788.0
756.0
756.0
771.2
783.5
779.0
779.0
815.6
815.6
762.2
762.2
766.3
776.7
776.7
776.2
776.2
776.2
760.0
760.0
766.3
766.3
766.3
760.8
760.8
772.1
775.0
775.0
775.0
778.9
768.4
765.9
780.7
780.7
771.7
771.7
771.7
779.6
779.6
779.1
779.1
781.9
781.9
773.4
773.4
773.4
766.8
766.8
766.8
771.5
784.2
784.2
768.2
768.2

795.9
789.0
756.6
756.6
770.7
770.7
770.7
779.0
779.0
815.4
763.0
762.4
766.7
776.7
768.0

2.302
2.562
2.437
2.420
2.391
2.504
2.406
2.404
2.556
2.507
2.433
2.463
3.174
2.551
2.483
2.666
2.520
2.565
2.998
2.993
2.846
2.853
2.841
2.433
2.387
2.504
2.237
2.303
2.344
2.435
2.560
2.403
2.594
2.469
2.419
2.293
2.383
2.606
2.604
2.382
2.439
2.331
2.346
2.233
2.280
2.305
2.485
2.462
2.446
2.188
2.270
2.262
1.952
2.040

2.459
2.350
2.269
2.335
2.557
2.568
2.565
2.529
2.5 79
2.711
2.388
2.545
2.902
2.663
3.041

0.142
0.157
0.154
0.151
0.146
0.156
0.153
0.150
0.159
0.154
0.150
0.151
0.214
0.157
0.155
0.164
0.153
0.156
0.187
0.195
0.174
0.180
0.176
0.147
0.145
0.153
0.136
0.145
0.145
0.155
0.170
0.151
0.165
0.157
0.148
0.139
0.149
0.166
0.169
0.150
0.156
0.143
0.150
0.137
0.140
0.141
0.153
0.150
0.148
0.130
0.135
0.137
0.116
0.122

0.151
0.142
0.143
0.144
0.165
0.168
0.167
0.156
0.169
0.167
0.148
0.152
0.187
0.161
0.221

5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5. 127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127
5.127

6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170
6.170

0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0. 125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125
0.125

0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132
0.132

HORPW

3.584
3.599
3.597
3.596
3.591
3.596
3.591
3.590
3.593
3.590
3.596
3.598
3.646
3.600
3.596
3.608
3.598
3.601
3.635
3.635
3.622
3.623
3.622
3.596
3.593
3.598
3.581
3.585
3.587
3.592
3.603
3.593
3.602
3.594
3.593
3.585
3.590
3.603
3.603
3.589
3.593
3.585
3.586
3.581
3.584
3.585
3.598
3.597
3.595
3.578
3.581
3.581
3.564
3.570

4.310
4.303
4.304
4.310
4.323
4.324
4.324
4.319
4.323
4.324
4.312
4.325
4.353
4.330
4.364

HG5 7 UHG5 7 HO 59
KW/M**2 C

2.284 0.041 2.061

2.312 0.041 2.088
2.310 0.041 2. 085
2.307 0.041 2.083
2.297 0.041 2.074
2.307 0.041 2.083
2.296 0.041 2.073

2.296 0.041 2.072
2.301 0.041 2.077
2.295 0.041 2.071
2.306 0.041 2.082

2.310 0.041 2.086
2.409 0.046 2.180
2.316 0.041 2.091
2.307 0.041 2.083

2.331 0.042 2.106
2.312 0.041 2.087
2.318 0.041 2.093
2.387 0.044 2. 158
2.386 0.044 2.158

2.361 0.043 2.134

2.362 0.043 2. 135
2.360 0.043 2.133
2.307 0.041 2.083
2.301 0.041 2.077

2.312 0.041 2.087
2.276 0.040 2.054

2.285 0.041 2.062

2.290 0.041 2.067
2.300 0.041 2.076
2.321 0.042 2. 096

2.301 0.041 2.077
2.320 0.042 2.095
2.303 0. 041 2.079
2.301 0.041 2.077
2.285 0.041 2.062
2.296 0.041 2.072
2.322 0.042 2.097

2.321 0.042 2.097

2.293 0.041 2.070

2.300 0.041 2.076
2.286 0.041 2.063
2.287 0.041 2.064

2.276 0.040 2.054

2.282 0.041 2.060
2.285 0.041 2.062
2.311 0.041 2.087
2.308 0.041 2.084

2.306 0.041 2.082
2.272 0.040 2.049
2.277 0.040 2. 055
2.276 0.040 2.054

2.244 0.039 2.023
2.255 0.040 2.033

2.613 0.038 2.448
2.601 0.037 2.435
2.603 0.038 2.438
2.613 0.038 2.447
2.640 0.039 2.473
2.641 0.039 2.475

2.641 0.039 2.475
2.631 0.038 2.465
2.639 0.039 2.472
2.640 0.039 2.474
2.618 0.038 2.452

2.642 0.038 2.476

2.696 0.041 2.529
2.653 0.039 2.486

2.718 0.045 2.551

UHG59

0.048
0.048
0.049
0.048
0.048
0.048
0.048
0.048
0.048
0.048
0.048
0.048
0.053
0.049
0.048
0.049
0.048
0.049
0.051
0.051
0.050
0.050
0.050
0.048
0.048
0.048
0.047
0.048
0.048
0.048
0.049
0.048
0.049
0.048
0.048
0.048
0.048
0.049
0.049
0.048
0.048
0.048
0.048
0.047
0.048
0.048
0.048
0.048
0.048
0.047
0.047
0.047
0.046
0.047

0.046
0.045
0.045
0.046
0.047
0.047
0.047
0.046
0.047
0.046
0.046
0.046
0.049
0.046
0.052

HCB QGD
KW/M**2

2.096
2.143
2.139
2.135
2.118
2.134
2.117
2.116
2.124
2.114
2.134
2.140
2.307
2.149
2.134
2.175
2.143
2.152
2.269
2.267
2.225
2.227
2.224
2.134
2.124
2.142
2.084
2.097
2.106
2.122
2.157
2.125
2.156
2.129
2.124
2.097
2.116
2.159
2.159
2.111
2.123
2.099
2. 102
2.084
2.094
2.099
2.142
2.137
2.133
2.076
2.085
2.084
2.031
2.048

2.242
2.223
2.227
2.242
2.283
2.285
2.285
2.270
2.281
2.284
2.249
2.286
2.371
2.303
2.406

541.0
495. 5
499. 6
502. 5
518.0
503.3
519. 8
520. 3
512. 7
522.3
503.9
498. 3
397. 0
491. 2
503. 1
470. 9
496. 2
488.4
414. 9
415. 6
438. 5
437.6
438. 9
503. 1
512.2
496. 7
554.8
539. 5
530. 5
514. 1
484.6
512.1
485. 8
508. 4
512.6
539. 6
520.0
483. 0
483. 4
524. 9
513.4
537.7
534.4
554. 7
543. 5
538. 0
496.9
501.4
504. 2
564. 1
553.3
555. 1
628.3
601.3

642.
665.
661.
643.
601.
599.
600.
614.
602. 8
600.9
635. 0
598.4
533.4
583. 6
512. 0
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********** ST!EADY STATE TEST K **********

LEVEL AVERAGE FLUIC AND SUPFACE CONDITIONS

Mess FLUX 1 •66 3E+0 5 LBM/SOFT H UNC. MASS FLUX 3.686E«-03 LBM/SOFT H PRESSURE 634. 8 PS I UNC. PRESSURE 6.00 PSI

225.73 KG/SQP S 5.0023 KG/SQM S 4.38 MPA 0.041 NIPA

LEVEL 0 SOO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.432 451.0 0.029 9.07 1198.3 648.3 108.90 60.500 492.3 256. 0 1.042 0.6 .8918 . 0335
G 1.422 447.9 0.037 11.73 1402.2 761.6 37.65 20.918 597.6 314.6 43.002 23.9 1.1010 .0386
E7 1.441 453.9 0.029 9.20 1132.1 611.5 28.57 15.871 492.3 256.0 1.042 0.6 .847 5 .0325
E6 1.462 460.4 0.000 0.00 1230.1 665.9 0.00 0.000 49 2.3 256.0 1.042 0.6 .8739 . 0331
Fl 1.411 444.4 0.042 13.36 1227.9 664.7 64.25 35.693 492.3 256.0 1.042 0.6 .9256 .0344

F2 1.415 447.0 0.020 6.38 1273.1 689.8 46.28 25.710 492.3 256.0 1.042 0.6 .9520 . 0351
F3 1.411 444.3 0.046 14.55 1307.9 709.2 46.85 26.029 492.3 256. 0 1.042 0.6 .9784 . C360
F4 1.364 429.8 0.054 17.11 1157.1 625.4 67.46 37.477 494.2 257.1 36.769 20.4 1.0027 .0366
F5 1.385 436.3 0.053 16.55 1236.5 669.7 43.41 24.119 512.5 267.3 33.027 18.3 1.0207 . 0369

F6 1.409 443.7 0.042 13.09 1320.1 716.0 40.46 22.479 532.2 278.2 39.110 21.7 1.0397 . C373
F7 1.404 442.2 0.034 10.66 1347.3 731.1 42.91 23. 839 550.7 288.5 39.933 22.2 1.0577 .0376

F8 1.420 447.4 0.043 13.44 1397.5 759.0 49.47 27.485 579.0 304.2 41.339 23.0 1.0831 .0382
M

NCMENCLATURE -J

Test K

ENG SI T/C Level (# wet T/C)/(Total # T/C)

C BTU/H
SDQ BTU/H
TSRF DEG F
SCTSRF DEG F
TF DEG F
UTF DEG F

FT**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

DEG C
DEG C
DEG C
DEG C

E3

E6

E7

E8

F

All wet

1/2
2/4

4/5
All dry
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********** STEADY STATE TEST K **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

"58 X dI^C KW/M>*2 -^--S ^LS KH/ffIJ5 C-UHEXP HDE HCB °=D"' ' KW/M**2 C KW/M**2 C KW/M**2

LEVEL F4

60 1.00 651.9 441.9 1.12 0.064 1.12 0.09 1.60 0.86 289.3
LEVEL F5

ih i:8I tttA «!:? bit 8:88 l:i! 0°:o°? Li! 8:11 !!?:$
LEVEL F6

,^ 1*2? T-iZ*? 459.1 0.99 0.058 1.04 0.08 1.45 n sr 33- a

I § -S-* $ *$ i;K §EH 1;H I iIS J*S* 752.3 448.6 0.90 0.052 0.95 o!o7 1I45 nil lit'I60 1.04 741.6 442.4 0.91 0.052 0.95 oIo7 1.45 °I84 fll.'o
LEVEL F7

14 1.06 709.9 444.6 0.98 0.056 1.06 0 .08 1. 4117 1.06 721. 8 452.7 0.97 0.055 1 .04 0.08 1.4121 1.06 719.1 449.3 0.97 0.055 1.04 0.08 1.4137 1. 06 715.8 441.9 0.96 0.055 1.03 0.08 1.413e 1 .06 721.4 442.3 0.95 0.054 1.02 0.08 1.4150 1.06 774. 1 447.4 0.86 0.049 0.92 0.07 1.4160 1.06 763. 6 441.9 0.87 0.050 0.93 0.07 1.41

EVEL F8

1 1.08 754.7 460.1 0.92 0.053 1.02 0.08 1.3517 1. 08 734.1 453.2 0.95 0. 054 1.05 0.08 1.3521 1.08 741.4 450.5 0.93 0.053 1 .03 0.08 1.3534 1.08 793.2 461.6 0.86 0.049 0.94 0.07 1.3537 1.08 733. 1 443.1 0.93 0.053 1.03 0. 08 1.3550 1.08 796.4 448.6 0.83 0.047 0.91 0.07 1.356C 1.08 782.8 443.1 0.84 0.048 0.93 0.07 1.35

0.85 320. 6
0.85 331. 1
0.85 328.6
0.85 326. 0
0.85 330. 8
0.84 378.6
0.84 368.8

0.85 351.2
0.85 332. 7
0.85 3 39. 2
0.84 3 86.8
0.85 331. 8
0.84 389.9
0.84 377. 2

I-1
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STEADY STATE TEST L

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

*************************************************************** *****************************************^
*************************************************************^^

HCB
HDB
HDR
HDRPW -

HEXP -

HEXPS -

HG57 -
HG59 -
Q
QGD

SDTSRF -

SDO

TBULK -

NOMENCLATURE

CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,
WALL PRANDTL NUMBER
EXPERIMENTAL HEAT TRANSFER COEFFICIENT
Q/(TSURF-TBULK>
EXPERIMENTAL HEAT TRANSFER COEFFICIENT
Q/'TSURF-TSATI
GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
HEAT FLUX
GROENEVELD-DELORME HEAT FLUX
CROSS-SECTICNAL STANDARD DEVIATION OF THE
SURFACE TEMPERATURE
CROSS-SECTIONAL STANDARD DEVIATION OF THE
HEAT FLUX
BULK VAPOR TEMPERATURE

TSAT
TSRF(TSURFI
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X •

- SATURATION TEMPERATURE
- SURFACE TEMPERATURE
- EQUILIBRIUM FLUID TEMPERATURE
- UNCERTAINTY, DOUGALL-ROHSENOW HEAT

TRANSFER COEFFICIENT
UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY
UNCERTAINTY,
TEMPERATURE
UNCERTAINTY,
QUALITY

EXPERIMENTAL HEAT TRANSFER

GROENEVELD 5.7 HEAT TRANSFER

GROENEVELD 5.9 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY
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***

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

************************************************************************************************************
********************************************************************************************************* **.£*.*.*.*.*.*. tit*.!**. X
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n*n**********************^
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4c******:*** ST EADY STAT E TEST L **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 3 • 882E+05 LBM/SOFT H UNC. MASS FLUX 8.711E*03 LBM/SOFT H PRESSURE 120 2..5 PSI UNC. PRESSURE 6.00 PSI
526.73 KG/SQM S 11. 8214 KG/SQM S 8.30 MPA G.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX
ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 2.487 783.3 0.047 14.95 1229.7 665.7 92.74 51.523 567.4 297.8 0.621 0.3 .8214 . 0308
G 2.473 779.1 0.061 19.11 1313.1 712.1 44.80 24.889 570.5 299.5 19.280 10.7 1.0054 .0353
E3 2.464 776.1 0.049 15.38 1132.4 611.7 30.17 16.761 567.4 297.8 0.621 0.3 .7122 . 0284
E6 2.435 767.0 0.000 0.00 1213.0 656.4 0.00 0.000 567.4 297.8 0.621 0.3 .7647 . 0296
E7 2.492 785.0 0.051 16.15 1202.6 650.7 13.93 7. 739 56 7.4 297.8 0.621 0.3 .7824 .0299
E8 2.476 779.8 0.046 14.44 1180.4 638.4 67.45 37.472 567.4 297.8 0.621 0.3 .8056 . 0304
Fl 2.451 772.2 0.068 21.49 1251.2 677.7 36.51 20.2 84 567.4 297.8 0.621 0.3 .8512 . C316
F2 2.473 778.9 0.029 9.24 1270.6 688.5 47.08 26.155 567.4 297.8 0.621 0.3 .8744 . 0323
F3 2.449 771.6 0.075 23.62 1292.3 700.5 53.83 29.904 567.4 297.8 0.621 0.3 .8977 . 0330
F4 2.373 747.4 0.088 27.73 1115.4 602.2 67.03 37.241 567.4 297.8 0.621 0.3 .9191 . 0336
F5 2.409 758.8 0.088 27.84 1164.9 629.7 49.20 27.334 567.4 297.8 0.621 0.3 .934 8 . 0338
F6 2.446 770.5 0.067 20.98 1234.4 668.3 38.19 21.219 567.4 297.8 0.621 0.3 .9516 . 0341
FT 2.442 769.1 0.055 17.45 1251.1 677.6 37.52 20.846 567.4 297. 8 0.621 0.3 .9674 . C345
F8 2.462 775.5 0.068 21.55 1294.4 701.7 44.50 24.725 567.4 297.8 0.621 0.3 .9896 . 0350

NOMENCLATURE
Test L

ENG

BTU/H
BTU/H
DEG F

p DEG F
DEG F
DEG F

SI

FT**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

DEG C
DEG C
DEG C
DEG C

T/C Level

El

E2

E3

E6

E7

E8

(# wet T/C)/(Total # T/C)

C
SDC
TSRF
SCTSRI
TF
liTF

All wet

1/3
4/7

1/2

2/':
2/J

F All dry



********** STEADY STATE TEST L **********

PRIMARY LEVELS

ROD X TSURF
DEG C

0
KW/M**2

HEXP UHEXP HDR
KW/M**2

UHOR
C

HDRPW HG5 7 UHG57 HG59
KW/«^**2 C

UHG59 HCB OGD
Kfc/M**2NO

LEVEL F

3 0.82 632.6 815.0 2.43 5 0.149 3.642 0.073 2.880 1.766 0.021 1.651 0.025 1.696 492.9
4 0.82 646.0 810.0 2.326 0.140 3.642 0.073 2.876 1.759 0.020 1.644 0.025 1.684 513. 9
7 0.82 602.6 772.3 2.534 0.161 3.642 0.073 2.890 1.786 0.021 1.670 0.026 1.730 446.4
7 0.82 595.1 772.3 2.598 0.162 3.642 0.073 2.893 1.791 0.021 1.675 0.026 1.739 435. 0

10 0.82 683.6 790.4 2.049 0.127 3.642 0.073 2.867 1.742 0.020 1.627 0.025 1.654 573.8
10 0.82 687.8 790.4 2.027 0.127 3.642 0.073 2.866 1.740 0.020 1.625 0.024 1.651 580. 2
10 0.82 680.9 790.4 2.063 0.129 3.642 0.073 2.868 1.743 0.020 1.6 28 0.025 1.656 569.4

13 0.82 682.4 792.2 2.060 0.124 3.642 0.073 2.868 1.742 0.020 1.627 0.024 1.655 571.9
13 0.82 675.4 792.2 2.098 0.132 3.642 0.073 2.869 1.745 0.020 1.630 0.025 1.660 561. 0
15 0.82 668.3 771.8 2.083 0.124 3.642 0.073 2.871 1.748 0.020 1.633 0.024 1.665 549. 4
16 0.82 706.4 773.2 1.892 0.113 3.642 0.073 2.863 1.733 0.020 1.618 0.024 1.639 610.9
17 0.8 2 577.8 782.9 2.796 0.168 3.642 0.073 2.900 1.805 0.021 1.689 0.0 26 1.764 408. 5
18 0.82 644.6 783.5 2.259 0.140 3.642 0.073 2.877 1.760 0.021 1.644 0.025 1.685 512. 1
18 0.82 615.2 783.5 2.469 0.153 3.642 0.073 2.886 1.777 0.021 1.661 0.025 1.715 466. 2

20 0.82 570.6 792.1 2.904 0.177 3.642 0.073 2.904 1.812 0.021 1.696 0.026 1.776 397. 7

20 0.82 635.9 792.1 2.342 0.139 3.642 0.073 2.879 1.764 0.020 1.649 0.025 1.693 498. 3
21 0.82 536.2 781.4 3.278 0.238 3.642 0.073 2.923 1.850 0.026 1.733 0.029 1.844 346. 1
28 0.82 638.2 777.2 2.284 0.136 3.642 0.0 73 2.879 1.763 0.020 1.648 0.025 1.691 501.8

28 0.82 641.6 777.2 2.261 0.135 3.642 0.073 2.878 1.761 0.020 1.646 0.025 1.688 507. 2

28 0.82 631.3 777.2 2.330 0.141 3.642 0.073 2.881 1.76 7 0.020 1.652 0.025 1.698 490.9
31 0.82 674.3 785.3 2.086 0.126 3.642 0.073 2.869 1.745 0.020 1.630 0.024 1.661 559. 2

31 0.82 678.3 785.3 2.064 0.124 3.642 0.073 2.868 1.744 0.020 1.629 0.024 1.658 565. 7

32 0. 82 714.2 790.3 1.898 0.112 3.642 0.073 2.861 1.730 0.020 1.616 0.024 1.635 £23. 7
34 0.82 680.4 798.2 2.086 0.128 3.642 0.0 73 2.868 1.743 0.020 1.628 0.024 1.6 56 568. 7
37 0.82 633.2 770.7 2.298 0.160 3.642 0.0 73 2.880 1.766 0.022 1.651 0.026 1.696 '93. 8

38 0.82 664.6 773.5 2.109 0.129 3.642 0.073 2.872 1.750 0.020 1.635 0.025 1.668 543.4

42 0.82 692.9 785.0 1.987 0.124 3.642 0.073 2.865 1.738 0.020 1.623 0.024 1.648 588. 6

45 0.8 2 642.5 782.4 2.270 0.136 3.642 0.073 2.877 1.761 0.020 1.646 0.025 1.687 508.8

45 0.82 646.1 782.4 2.246 0.135 3.642 0.073 2.876 1.759 0.020 1.644 0.025 1.684 514. 1

53 0. 82 704.8 815.7 2.004 0.121 3.642 0.073 2.863 1.733 0.020 1.619 0.024 1.6 40 608. 2

59 0.82 718.6 790.1 1.878 0.112 3.642 0.073 2.861 1.729 0.020 1.614 0.024 1.632 631.0

59 0.82 715.2 790.1 1.893 0. Ill 3.642 0.073 2.861 1.730 0.020 1.615 0.024 1.634 625. 4

59 0.82 726.6 790.1 1.843 0.114 3.642 0.073 2.859 1.726 0.020 1.612 0.024 1.628 643. 8

60 0.82 720.0 767.0 1.817 0.111 3.642 0.073 2.860 1.72 8 0.020 1.614 0.024 1.631 632. 9
64 0.82 743.7 771.5 1.730 0.101 3.642 0.073 2.857 1.721 0.020 1.607 0.024 1.619 672. 0

64 0.82 768.1 771.5 1.641 0.096 3.642 0.073 2.853 1.715 0.019 1.600 0.024 1.608 713. 1
64 0.82 761.6 771.5 1.664 0.097 3.642 0.0 73 2.854 1.716 0.019 1.602 0.024 1.611 702. 1
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********** STEADY STATE TEST L **********

INTERMEDIATE LEVELS

PCD
NO

X TSURF
DEG C

Q
KW/M**2

HEXP UHEXP HDR
KW/M**2 C

UHDR HDRPW HG57 UHG57 HG59
rf/M**2 C •

UHG59 HCB OGD
KW/M**2

LEVEL

34
50
60

E3

0.71
0.71
0.71

597.0
60 8.1
629.9

793.5
770.7
764.2

2.652
2.484
2.301

0.179
0.165
0.143

3.279
3.279
3.279

0.072
0.072
0.072

2.606
2.602
2.596

1.701
1.694
1.681

0.023
0.023
0.022

1.573
1.566
1.553

0.027
0.027
0.026

1.683
1.670
1.646

365.9
380. 8
410.4

LEVEL

60

E6

0.76 656.4 767.0 2.139 0.129 3.455 0.072 2.727 1.713 0.021 1.592 0.025 1.648 4 84. 6

LEVEL

34
50

E7

0.78
0.78

656.2
645.2

796.4
773.5

2.222
2.227

0.139
0.136

3.514
3.514

0.072
0.072

2.772
2.775

1.727
1.732

0.021
0.021

1.608
1.614

0.025
0.025

1.656
1.666

^97. 7
481.4

LEVEL

34
37
38

E8

0.81
0.81
0.81

675.9
600.9
638.2

796.4
769.9
773.2

2.106
2.540
2.271

0.130
0.155
0.136

3.590
3.590
3.590

0.073
0.073
0.073

2.827
2.849
2.837

1.734
1.776
1.753

0.020
0.021
0.020

1.618
1.659
1.636

0.024
0.025
0.025

1.652
1.724
1.683

547.6
Ml. 8
488. 8

LEVEL

17
21
34
37
38
50

Fl

0.85
0.85
0.85
0.85
0.85
0.85

664.1
644.8
698.7
668.2
682.9
702.7

782.9
781.6
796.4
769.9
773.2
773.5

2.13 7
2.252
1.987
2.079
2.008
1.911

0.125
0.136
0.122
0.124
0.119
0.113

3.740
3. 740
3.740
3.740
3.740
3.740

0.074
0.074
0.0 74
0.074
0.074
0.074

2.947
2.952
2.939
2.946
2.942
2.938

1.767
1.777
1.753
1.765
1.759
1.751

0.021
0.021
0.020
0.021
0.020
0.020

1.654
1.663
1.639
1.652
1.646
1.638

0.025
0.026
0.025
0.025
0.025
0.025

1.682
1.699
1.657
1.679
1.668
1.655

568.5
537.3
626. 4
575.3
600. 2
633. 2

LEVEL

1
14
17
34
38
50

F2

0.87
0.87
0.87
0.87
0.87
0.87

676.2
643.6
687.3
713.2
698.8
711.7

773.8
774.2
782.7
796.2
773.0
773.4

2.045
2.239
2.009
1.917
1.928
1.869

0.123
0.145
0.117
0.117
0.114
0.110

3.815
3.815
3. 815
3.815
3. 815
3.815

0.075
0.075
0.075
0.0 75
0.075
0.075

3.006
3.014
3.003
2.998
3.001
2.998

1.772
1.788
1.768
1.758
1.763
1.759

0.022
0.022
0.021
0.021
0.021
0.021

1.660
1.675
1.655
1.645
1.651
1.646

0.027
0.028
0.027
0.027
0.027
0.027

1.684
1.711
1.676
1.659
1.668
1.660

612. 4
556.9
631.3
676. 5
651. 3
673.8

LEVEL

14
17
21
34
60

F3

0.90
0.90
0.90
0.90
0.90

665.9
690.3
673.3
736.6
734.1

773.8
782.9
781.6
796.4
767.0

2.10 2
1.995
2.081
1.815
1.758

0.130
0.117
0.122
0.110
0.110

3.891
3. 891
3.891
3.891
3.891

0.077
0.0 77
0.077
0.077
0.077

3.067
3.061
3.065
3.053
3.053

1.785
1.774
1.782
1.758
1.759

0.024
0.023
0.024
0.023
0.023

1.672
1.661
1.668
1.645
1.646

0.031
0.030
0.030
0.030
0.030

1.702
1.684
1.697
1.657
1.658

617.7
661. 1
630.8
743. 8
739. 2

LEVEL

60

F4

0.92 628.6 767.0 2.319 0.141 3.960 0.077 3.132 1.809 0.028 1.694 0.037 1.746 573.6

LEVEL

21
60

F5

0.93
0.93

602.5
657.2

781.6
767.0

2.565
2.134

0.153
0.128

4.010
4.010

0.077
0.077

3.182
3.164

1.827
1.794

0.034
0.033

1.710
1.677

0.044
0.043

1.784
1.7 27

545.5
641. 5

LEVEL

1
17
37
38
50
60

F6

0.95
0.95
0.95
0.95
0.95
0.95

676.7
658.2
647.7
644.6
696.8
694.1

794.8
784.0
770.2
774.0
775.1
767.8

2.098
2.176
2.201
2.232
1.943
1.937

0.137
0.131
0.133
0.133
0.117
0.115

4.064
4.064
4.064
4.064
4.064
4.064

0.077
0.077
0.077
0.077
0.077
0.077

3.202
3.207
3.210
3.211
3.197
3.198

1.782
1.790
1.796
1.797
1.774
1.775

0.044
0.044
0.044
0.044
0.044
0.044

1.663
1.671
1.676
1.678
1.655
1.656

0.056
0.057
0.057
0.057
0.056
0.056

1.719
1.734
1.743
1.746
1.704
1.706

696.4
662.3
643. 2
637.5
734.4
729. 3

LEVEl

14
17
21
37
38
50
6C

. F7

0.97
0.97
0.97
0.97
0.97
0.97
0.97

661.1
676.5
659.3
661.6
668.6
711.7
707.9

774.2
783.8
782.0
770.0
773.6
774.0
767.4

2.131
2.070
2.163
2.116
2.087
1.870
1.871

0.133
0.123
0.127
0.127
0.124
0.112
0.111

4.114
4.114
4.114
4.114
4.114
4.114
4.114

0.078
0.078
0.078
0.078
0.078
0.078
0.078

3.244
3.240
3.244
3.244
3.242
3.232
3.232

1.781
1.774
1.782
1.781
1.778
1.761
1.762

0.089
0.090
0.090
0.090
0.090
0.089
0.089

1.658
1.6 51
1.658
1.657
1.654
1.637
1.639

0.089
0.088
0.089
0.089
0.089
0.088
0.088

1.738
1.726
1.739
1.737
1.732
1.702
1.704

686. 2
715. 2
683. 0
687. 2
700. 2
781. 1
773. 8

ON
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********** STEADY SIfATE TEST M **********

INTERMEDIATE LEVELS

ROD
NO

X TSURF
DEG C

0
KW/M**2

HEXP UHEXP HDR
KW/M**2

UHOR HDRPW HG57 UHG57 HG59
KW/M**2 C

UHG59 HCB QGO
KW/M**2

LEVEL E2

60 0.64 618.0 860.0 2.704 0.175 3.720 0.080 2.934 1.909 0.02 7 1.824 0.033 1.919 451.3

LEVEL E3

34
50
60

0.67
0.67
0.67

655.2
649.3
648.9

897.8
872.1
864.7

2.527
2.496
2.478

0.169
0.166
0.156

3.814
3.814
3.814

0.082
0.0 82
0.0 82

2.995
2.997
2.997

1.914
1.918
1.918

0.026
0.026
0.026

1.835
1.838
1.839

0.032
0.032
0.032

1.8 92
1.898
1.8 98

526.2
516. 5
515. 8

LEVEL E6

60 0.72 652.1 865.2 2.457 0.151 4.012 0.083 3.152 1.972 0.025 1.905 0.031 1.925 560. 7

LEVEL E7

34
37
5C

0.73
0.73
0.73

658.2
600.1
654.4

898.4
869.3
872.6

2.508
2.897
2.462

0.161
0.180
0.153

4.078
4.07B
4.078

0.0 83
0.083
0.083

3.201
3.222
3.203

1.986
2.027
1.989

0.025
0.025
0.025

1.922
1.963
1.925

0.031
0.031
0.030

1.929
2.000
1.933

585. 1
484. 2
578.2

LEVEL E8

34
37
38

0.75
0.75
0.75

679.4
650.3
668.3

898.8
869.6
873.7

2.369
2.48 2
2.372

0.150
0.151
0.143

4.165
4.165
4.165

0.083
0.083
0.083

3.263
3.271
3.266

1.997
2.013
2.003

0.024
0.024
0.024

1.93 7
1.953
1.943

0.030
0.030
0.030

1.923
1.950
1.933

642. 7
589.6
622.6

LEVEL Fl

17
21
34
37
38
50

0.79
0.79
0.79
0.79
0.79
0.79

702.5
653.3
694.8
689.8
704.3
714.6

884.3
882.0
898.9
869.8
873.8
873.2

2.197
2.497
2.277
2.231
2.161
2.106

0.129
0.153
0.143
0.134
0.129
0.125

4.334
4.334
4.334
4.334
4.334
4.334

0.085
0.085
0.085
0.085
0.085
0.085

3.387
3.400
3.389
3.390
3.387
3.384

2.025
2.050
2.028
2.030
2.024
2.020

0.023
0.024
0. 023
0.023
0.023
0.023

1.972
1.998
1.976
1.978
1.971
1.96 7

0.029
0.030
0.030
0.029
0.029
0.029

1.929
1.972
1.935
1.939
1.928
1.921

729.0
634. 2
713. 8
704. 2
732.6
752.9

LEVEL F2

1
14
17
34
38
50

0.82
0.82
0.82
0.82
0.82
0.82

713.1
648.4
708.6
707.6
713.4
722.1

881.8
875.3
883.8
898.4
873.3
872.6

2.134
2.512
2.163
2.204
2.112
2.068

0.129
0.168
0.127
0.137
0.125
0.123

4.419
4.419
4.419
4.419
4.419
4.419

0.0 86
0.086
0.0 86
0.086
0.086
0.0 86

3.454
3.471
3.455
3.455
3.454
3.452

2.037
2.070
2.039
2.040
2.037
2.034

0. 023
0.025
0.023
0.023
0.023
0.023

1.988
2.021
1.990
1.990
1.988
1.984

0.030
0.031
0.030
0.030
0.0 30
0.029

1.935
1.991
1.938
1.939
1.935
1.929

775. 7
648. 6
766.4
764. 5
776. 3
793.3

LEVEL F3

14
17
21
34
60

0.84
0.84
0.84
0.84
0.84

671.3
703.7
674.0
732.8
728.0

874.3
883.8
881.5
898.4
865.2

2.355
2.189
2.357
2.076
2.022

0.149
0.129
0.139
0.128
0.129

4.504
4.504
4.504
4.504
4.504

0.087
0.087
0.087
0.087
0.087

3.530
3.522
3.529
3.515
3.516

2.073
2.057
2.071
2.045
2.047

0.024
0. 023
0.024
0.023
0.024

2.026
2.010
2.024
1.998
2.000

0.031
0.030
0.031
0.030
0.030

1.981
1.954
1.979
1.934
1.937

716. 4
781. 8
721. 9
841. 2
831.6

LEVEL F4

60 0. 86 607.6 86 5.2 2.813 0.176 4.582 0.088 3.616 2.128 0.026 2.084 0.033 2.068 614. 0

LEVEL F5

21
60

0.87
0.87

587.4
635.2

881.5
865.2

3.067
2.581

0.187
0.159

4.639
4.639

0.088
0.088

3.673
3.651

2.155
2.115

0.026
0.026

2.113
2.072

0.035
0.034

2.110
2.040

590.8
686. 6

LEVEL F6

1
17
37
38
50
60

0. 89
0.89
0.89
0.89
0.89
0.89

670.5
653.4
626.2
623.2
670.3
671.7

896.2
885.2
869.5
874.1
874.0
866.0

2.419
2.505
2.665
2.704
2.360
2.330

0.164
0.154
0.165
0.165
0.145
0.142

4.699
4.699
4.699
4.699
4.699
4.699

0.088
0.088
0.088
0.088
0.088
0.088

3.686
3.691
3.702
3.703
3.686
3.686

2.101
2.111
2.129
2.131
2.101
2.100

0.027
0.027
0.027
0.027
0.027
0.026

2.057
2.067
2.086
2.088
2.057
2.056

0.036
0.035
0.036
0.036
0.035
0.035

2.012
2.029
2.060
2.064
2.012
2.011

777. 7
741.6
685.6
680. 0
777.4
780.2

LEVEL F7

14
17

0.90
0.90

644.2
669.7

875.8
885.0

2.545
2.394

0.164
0.144

4.756
4.756

0.088
0.088

3.738
3.729

2.122
2.107

0. 029
0.028

2.078
2.062

0.0 39
0.038

2.047
2.021

740. 0
794. 7
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********** STEADY STATE TEST N **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

f* ess FLUX 5.941E*05 LBM/SQFT H UNC. MASS FLUX 1.339 E<-04 LBM/SQFT H PRESSURE 1234. 2 PS I UNC. PRESSURE 6.00 PSI

806.19 KG/SQN S 18. 1759 KG/SQM S 8.52 MPA 0.041 MPS

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 3.016 949.9 0.057 18.05 1203.8 651.3 57.05 31.695 570.6 299.6 0.597 0.3 .6681 . 0254

G 3.000 944.9 0.075 23.67 1235.3 668.8 45.44 25.243 570.6 299.6 0.597 0.3 .8152 .0290

E3 2.990 941.9 0.054 17.04 1165.2 629.9 15.77 8.761 570.6 299.6 0.597 0.3 .5808 . 0235

E7 3.018 950.7 0.058 18.35 1121.1 605.4 49.21 27.341 570.6 299.6 0.597 0.3 .6369 . C247

E8 3.016 949.9 0.062 19.47 1193.0 645.4 47.02 26.124 570.6 299.6 0.597 0.3 .6555 .0251

Fl 2.964 933.7 0.085 26.67 1243.6 673.5 18.48 10.266 570.6 299.6 0.597 0.3 .6919 .0261

F2 2.945 927.6 0.039 12.25 1267.1 686.5 11.06 6.143 570.6 299.6 0.597 0.3 .7105 . C266

F3 2.970 935.6 0.087 27.34 1223.8 662.5 110.80 61.557 570.6 299.6 0.597 0.3 .7291 .0272

pe 2.957 931.5 0.000 0.00 983.9 529.2 0.00 0.000 570.6 299.6 0.597 0.3 .7588 . 0278

F6 2.960 932.5 0.093 29.23 1130.8 610.8 33.55 18.640 570.6 299.6 0.597 0.3 .7721 .0281

F7 2.960 932.5 0.064 20.25 1136.4 613.9 55.99 31.106 570.6 299.6 0.597 0.3 .7848 .0283

Ft 2.980 938.8 0.079 24.87 1206.1 652.6 38.95 21.638 570.6 299.6 0.597 0.3 .8026 . 0287

NCMENCLATURE
Test N

T/C Level ( * wet T/C)/(Total « T/C)

ENG SI E2 All wet

0 BTU/H
SDQ BTU/H
7SRF OEG F
SCTSRF DEG F
TF DEG F
L'TF DEG F

FT**2 X
FT**2 X

IE5 KW/M**2
.E5 KW/M**2

DEG C
DEG C
DEG C
DEG C

E3

E6

E7

E8

F

4/7

1/2
2/4
3/5

A.11 dry
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ROD
NO

LEVEL E3

34
50
60

0. 58
0.58
0.58

LEVEL E7

34
50

0.64
0.64

LEVEL E8

34
38

0.66
0.66

LEVEL Fl

17
34
37
38
50

0.69
0. 69
0.69
0.69
0.69

LEVEL F2

1
17
34
38
50

0.71
0.71
0.71
0.71
0.71

LEVEL F3

14
17
21
34
60

0.73
0.73
0.73
0.73
0.73

LEVEL F5

60 0.76

LEVEL F6

1
17
50
60

0.77
0.77
0.77
0.77

LEVEL F7

14
17
21
37
38
50
60

0.78
0.78
0.78
0.78
0.78
0.78
0.78

LEVEL F8

L
17
21
34
37
50
60

0.80
0.80
0.80
0.80
0.80
0.80
0. SO

TSURF 0
DEG C KW/M**2

637.8
631.4
620.5

624.7
586.1

663.8
626.9

686.3
679.0
658.4
678.1
674.7

682.3
693.4
684.6
692.6
679.8

544.8
696.0
644.9
704.9
699.9

529.2

612.3
622.6
612.2
627.2

550.1
645.2
618.8
596.7
612.0
627.6
648.6

695.6
648.1
63 8.7
653.2
631.1
642.9
673.5

96 1.3
935.4
929.1

963.7
937.7

963.7
936.2

947.1
963.7
933.2
936.2
937.7

938.2
925.8
942.0
915.1
916.6

939.8
947.1
947.2
963.7
931.5

931.5

961.0
947.9
937.7
931.5

940.2
947.7
947.5
933.3
936.5
938.2
931.8

961.7
947.8
947.8
964.3
93 3.8
938.4
932.1

HEXP

2.842
2.819
2.895

2.964
3.273

2.64 5
2.860

2.449
2.540
2.601
2.473
2.500

2.451
2.351
2.447
2.328
2.411

3.832
2.389
2.742
2.377
2.326

4.057

3.073
2.934
2.999
2.843

3.753
2.742
2.968
3.141
2.997
2.860
2.670

2.429
2.719
2.794
2.727
2.817
2.733
2.493

********** STEADY STATE TEST N

INTERMEDIATE LEVELS

**********

UHEXP HDR
KH/M**2 C

UHDR HDRPW HG57 UHG57 HG59
KW/M**2 C

0.197
0.195
0.189

0.198
0.216

0.171
0.176

0.145
0.163
0.159
0.149
0.152

0.151
0.139
0.155
0.140
0.147

0.270
0.142
0.165
0.151
0.153

0.276

0.222
0.186
0.193
0.178

0.265
0.168
0.181
0.201
0.186
0.183
0.167

0.153
0.165
0.168
0.178
0.175
0.172
0.153

4.048
4.048
4.048

4.326
4.326

4.417
4.417

4.594
4.594
4.594
4.594
4.594

4.684
4.684
4.684
4.684
4.684

4.773
4.773
4.773
4.773
4.773

4.914

4.978
4.978
4.978
4.978

5.038
5.038
5.038
5.038
5.038
5.038
5.038

5.122
5.122
5.122
5.122
5.122
5.122
5.122

0.088
0.088
0.088

0.089
0.0 89

0.0 89
0.089

0.091
0.091
0.091
0.091
0.091

0.092
0.092
0.092
0.092
0.092

0.093
0.093
0.093
0.093
0.093

0.094

0.094
0.094
0.094
0.094

0.094
0.094
0.094
0.094
0.094
0.094
0.094

0.095
0.095
0.095
0.0 95
0.095
0.095
0.095

3.189
3.191
3.195

,409
.426

3.469
3.482

3.601
3.603
3.609
3.603
3.604

3.674
3.671
3.673
3.671
3.674

3.808
3.73 8
3.754
3.736
3.737

3.937

3.933
3.928
3.933
3.926

4.017
3.964
3.975
3.986
3.978
3.971
3.963

4.014
4.030
4.034
4.028
4.037
4.032
4.021

2.078
2.082
2.090

2.176
2.210

2.177
2.202

2.215
2.219
2.231
2.219
2.221

2.241
2.235
2.240
2.236
2.243

2.394
2.257
2.287
2.253
2.255

2.458

2.363
2.354
2.363
2.350

451
350
371
392
377
363
347

2.337
2.365
2.372
2.362
2.378
2.369
2.349

0.031
0.031
0.031

0.030
0.031

0.028
0.029

0.027
0.028
0.028
0.027
0.027

0.027
0.027
0.027
0.027
0.027

0.033
0.027
0.027
0.02 7
0.027

0.033

0.029
0.027
0.028
0.02 7

0.032
0.027
0.027
0.028
0.027
0.027
0.027

0.026
0.027
0.027
0.027
0.027
0.027
0.026

2.048
2.053
2.061

2.170
2.206

2.
2.

177
203

2.
2.
2.
2.
2.

227
231
244
232
234

2.
2,
2,
7,
2.

,260
,254
.259
.254
.261

2
2
2
2
2

.426

.281

.313

.277

.279

2.502

2.403
2.394
2.404
2.390

2.500
2.392
2.414
2.436
2.420
2.406
2.389

2.381
2.411
2.419
2.408
2.42 5
2.415
2.394

UHG59

0.0 39
0.039
0.039

0.038
0.039

0.036
0.037

0.035
0.036
0.036
0.035
0.035

0.035
0.035
0.035
0.03 5
0.035

0.041
0.035
0.0 36
0.035
0.035

0.041

0.038
0.036
0.036
0.036

0.040
0.035
0.036
0.037
0.036
0.036
0.035

0.035
0.035
0.035
0.036
0.036
0.036
0.035

HCB QGD
KW/M**2

2.147
2.155
2.169

2.208
2.271

2.176
2.221

7. \ 8?
?. 1 89

?. 210
?. 140
2. 193

?. 201
7.,190
?.,1 9B
?.,191
2.,203

7 ,.447
7,,707
7,. ;">•>
v..194
2 .198

2.523

2.336
2.320
2.33o
2.313

2.479
2.298
2.335
2.372
2.346
2.322
2.294

2.258
2.309
2.321
2.302
2.331
2.315
2.280

543.4
532. 6
514. 0

565.7
494. 9

656.7
586. 2

738. 8
724. 2
681. 7
722.3
715. 3

751. 7
775.4
756.6
773. 7
746. 4

492.4
801.7
692.9
821. 4
810.4

^86. 7

672.3
694. 6
t72. 0
704. 7

553.3
75 8. 5
699. 8
652. 5
685.4
719. 1
766. 0

696. 7
787. 2
766. 5
799. 0
749. 1
776.0
345. 2
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£*£************************************************************************.„„„.„,
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****************************************
*************************************.„,,<,,.
****************************************
****************************************
££**************************************
********************************************************************************
****************************************
****************************************
*£**************************************

£*,I£££*,£££££££££******************** *************
J*!*JII1£J££1££££££******************************
*«!2*£*££!££££££££******************************£££.*************************************************************************************jj***£li*;
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STEADY_STATE TEST 0

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

• • • - • • • • • -<--^-^->--'">--^i"---i-'rs-is^<r,'i*^*^*************** ^.J.J.J.^J_ L '-'----^---^-^--"^-^-r'r^s-ss^^^^w**********
************************************************I*AiiiiiJ,J.wk^.^J.J.a.J.J.J.J.^J. ****************************************
*,!!!!I£££££**********************^
£!£££££************************************************^^******************************************ii*****^
************************************************^

HCB
HOB
HDR
HDRPW

HEXP

HEXPS

HG57
HG59
Q
OGD

SOTSRF

SOO

TBULK

NOMENCLATURE

S95!S.I.iJ~5ltS?IION HEAT TRANSFER COEFFICIENT

S^ALPRLARN0°VPNNU^ERAT TRANSFER "EFFi^.
Q/(fsURF^{iLK"T T"ANSFER C0EFFI"ENT
^P|RIM|NTALTHEAT TRANSFER COEFFICIENT
£52iMiX!-.!-2 5*7 HEAT TRANSFER COEFFICIENT
S?:91?N|y,E,tD 5'9 HEAT TRANSFER COEFFICIENT
MEAT FLUX
GROENEVELO-DELORME HEAT FLUX

^iizPcjUT^jUr"RD °eviation °p ^E
uc0S-Sc?.E,STI0NAL STANDARD DEVIATION OF THE
ntA I r-LUX

BULK VAPOR TEMPERATURE

TSAT
TSRF.TSURFI
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

• SATURATION TEMPERATURE
SURFACE TEMPERATURE
.E.9yiti??J.ytJ FLUID TEMPERATURE
tU^nIfTeAr^If^^Ant-ROHSENOW HEAT
rnclfj?,1^?' EXPERIMENTAL HEAT TRANSFER
utjtrr I C I ENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY
UNCERTAINTY,
TEMPERATURE
UNCERTAINTY,
QUALITY

EXPERIMENTAL HEAT TRANSFER

GROENEVELD 5.7 HEAT TRANSFER

GROENEVELD 5.9 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY

**r*;;s*%************^^
n**^*;;;;;;*^;*^
:::::::s::«:k:s.s:^^***************************S**";^
****************************;ls*£;;^*****************************^^^rirr"T"T******^
************************i*^*i*^*^n*,*.^************************;**;;jjjj*;**j**jj****^
***************************-*ii*s;ii^
*************************iiiii*,n*^
n*;:;*;*^;;;**^;;*^^
*******************************:*^s^^

*******************************
*******************************
*******************************
*******************************
*******************************
*******************************
*********************** ********
*******************************
*******************************
*******************************
************** *****************
*******************************
*******************************
*******************************
*******************************
************** *****************
*******************************
*******************************

-J



MASS FLUX 2.261E+05

306.80

LBM/SOFT H

KG/SQM S

UNC.

LEVEL

F

G

Et

E7

E8

Fl

F2

F3

F4

F5

F6

FT

F8

ENG

1.709

1.700

1.674

1.719

1.700

1.685

1.700

1.683

1.630

1.653

1.682

1.677

1.694

NOMENCLATURE

SI

538.5

535.6

527.4

541.5

535.5

530.7

535.5

530.1

513.4

520.8

529.9

528.1

533.7

SDO

ENG

0.033

0.042

0.000

0.034

0.037

0.049

0.023

0.054

0.063

0.061

0.049

0.039

0.050

SI

10.49

13.35

0.00

10.73

11.78

15.49

7.33

16.91

19.86

19.07

15.35

12.33

15.65

ENG

0 BTU/H FT**2 X
SCQ BTU/H FT**2 X
TSRF DEG F
SDTSRF DEG F
TF OEG F
LTF DEG F

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
OEG C
DEG C

********** STEADY STATE TEST **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

MASS FLUX 5.042E*03 LBM/SOFT H PRESSURE 866.7 PS I
6.8414 KG/SQM S 5.98 MPA

UNC. PRESSURE 6.00 PSI

C.041 MPA

ENG

1236.

1379.

1206.

1189.

1182.

1259,

1278,

1315.

1160,

1233,

1298,

1318,

1363,

TSRF

SI

I 669.3

, 749.0

i 653.0

643.2

639.6

682.3

692.7

713.1

627.1

667.7

704.1

714.9

740.3

SDTSRF

ENG

72.41

44.33

0.00

11.17

51.63

28.18

45.35

45.99

58.05

45.30

33.49

38.00

43.83

40.

24.

0.

6.

28.

15.

25.

25.

32.

25.

18.

21.

24.

SI

2 27

629

000

207

6 84

657

195

551

2 52

168

608

111

349

TF UTF

ENG

527.4

604.4

527.4

527.4

527.4

527.4

527.4

527.4

527.4

535.7

551.3

567.4

588.5

T/C Level

E3

E6

E7

E8

F

SI

275.5

318.3

275.5

275.5

275.5

275.5

275.5

275. 5

275.5

280.2

288.9

297.8

309.5

ENG

0.824

34.045

0.824

0.824

0.824

0.824

0.824

0.824

0.824

29.017

29.231

32.602

33.619

SI

0.5

18.9

0.5

0.5

0.5

0.5

0.5

0.5

0.5

16.1

16.2

18.1

18.7

Test 0

(» wet T/C)/(Total * T/C)

All wet

1/2
1/4
1/5

All dry

.8907

1.0875

.8300

.8489

.8738

.9225

.9474

.9722

.9951

1.0120

1.0299

1.046 8

1.0706

UX

0321

,0369

, C308

. 0311

.0317

. 0329

. C337

.0344

. C351

. 0353

. 0357

. 0360

. 0365
00
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ROD
NO

LEVEL E6

60 0 .83

LEVEL E7

34 0,.85
50 0..85

LEVEL E8

34 0,.87
37 0..87
38 0.,87

LEVEL Fl

17 o..9?
21 0. 9?
34 n. 9?
37 0.,9?
38 0. 9?
50 0. 92

LEVEL F2 i

1 0. 95
14 0. 95
17 0. 95
34 n.95
38 <).95
50 0. 95

LEVEL F3

14 0. 97
17 0. 97
21 0. 97
34 0. 97
60 0. 97

LEVEL F4

60 1. 00

TSURF
DEG C

653.0

647.6
638.8

671.3
615.5
632.0

668.4
668.7
709.8
671.9
677.7
696.6

655.9
674.8
693.1
726.7
694.4
711.2

685.7
699.2
694.2
750.4
737.0

649.9

KW/M**2
HEXP

527.4

549.1
533.9

549.1
528.0
529.3

539.3
535.7
549.1
528.0
529.3
533.9

532.4
530.5
539.0
548.7
529.0
533.6

530. 1
539.3
535.7
549.1
527.4

527.4

1.397

1.476
1.470

1.387
1.553
1.485

1.373
1.363
1.264
1.332
1.316
1.268

1.400
1.329
1.291
1.216
1.263
1.225

1.293
1.273
1.280
1.156
1.143

1.409

********** STEADY STATE TEST 0

INTERMEDIATE LEVELS

**********

UHEXP HDR
KW/M**2 C

UHDR

0.081

0.087
0.086

0.081
0.090
0.086

0.079
0.079
0.074
0.077
0.076
0.073

0.081
0.079
0.074
0.071
0.073
0.070

0.076
0.073
0.073
0.067
0.067

0.082

2.004

2.039
2.039

2.084
2.084
2.084

2.172
2.172
2.172
2.172
2.172
2.172

2.217
2.217
2.217
2.217
2.217
2.217

2.261
2.261
2.261
2.261
2.261

2.302

0.0 42

0.042
0.0 42

0.042
0.042
0.042

0.043
0.043
0.043
0.043
0.043
0.043

0.044
0.044
0.044
0.044
0.044
0.044

0.045
0.045
0.045
0.045
0.045

0.070

HDRPW

1.645

1.673
1.674

1.706
1.714
1.711

1.778
1.778
1.774
1.778
1.777
1.775

1.818
1.816
1.814
1.811
1.814
1.812

1.850
1.848
1.849
1.844
1.845

1.888

HG57

1.091

1.098
1.100

1.097
1.112
1.107

1.099
1.099
1.091
1.098
1.097
1.093

1.097
1.093
1.089
1.083
1.089
1.086

1.078
1.075
1.076
1.067
1.069

1.051

UHG57 HG59
KW/M**2 C

0.013 0.934

0.014
0.014

0.015
0.015
0.015

0.021
0.021
0.021
0.021
0.021
0.021

0.030
0.030
0.030
0.029
0.030
0.030

0.067
0.068
0.068
0.067
0.06 7

0.066

0.940
0.942

0.939
0.952
0.948

0.938
0.938
0.931
0.937

936
0.933

0.933
0.929
0.926
0.920
0.926
0.923

0.910
0.908
0.909
0.900
0.902

0.874

UHG59

0.015

0.016
0.016

0.017
0.018
0.018

0.025
0.025
0.025
0.025
0.025
0.025

0.036
0.035
0.035
0.035
0.035
0.035

0.078
0.078
0.078
0.077
0.077

0.078

HCB

1.075

1.082
1.086

1.078
1.105
1.096

1.090
1.090
1.075
1.089
1.087
1.0 80

1.102
1.094
1.087
1.0 76
1.087
1.081

1.095
1.091
1.092
1.076
1.079

1.116

QGD
KW/M**2

291.6

295. 9
287.3

332. 3
277. 8
293.8

359. 8
360. 2
403.8
363.6
369.5
389. 7

364. 0
384.5
404. 6
442.0
406. 1
424.6

414. 1
429.7
423.9
489. 0
473. 2

390. 8

<3\



ROD
NO

TSURF
DEG C

LEVEL F5

21 1.01 642.4
60 1.01 692.7

LEVEL F6

1 1.03 702.1
17 1.03 693.9
37 1.03 690.7
38 1.03 685.2
50 1.03 728.4
60 1.03 732.1

LEVEL F7

14 1.05 692.8
17 1.05 712.2
21 1.05 698.5
37 1.05 706.9
38 1.05 703.1
50 1.05 746.4
60 1.05 748.7

LEVEL F8

1 1.07 743.3
17 1.07 718.3
21 1.07 715.1
34 1.07 770.6
37 1.07 721.9
50 1.07 769.2
60 1.07 763.5

KW/M**2

535. 7
52f.,4

548. ?
540.,4
5 28.,6
529.,9
535.,2
528.,0

530.3
540..1
535.9
578..0
529..5
5 34..1
527,.6

548,.8
540,• 5
536,.9
5 5 0,.3
529,.2
535 .!
528 .6

HEXPS

********** STEADY STATE TEST 0 **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/M**2 C

UHEXP HDB

1.46 0.084 1.48 0.11 2.28

1.26 0.073 1.28 0.09 2.28

1.29 0.077 1.33 0.10 2.15
1.29 0. 075 1.33 0.09 2.15
1.27 0. 074 1.32 0.09 2.15
1.29 0.074 1.34 0.09 2.15
1.18 0.068 1.22 0.08 2.15
1.16 0.066 1.19 0.08 2.15

1.27 0.074 1.34 0.10 2.05
1.24 0.071 1.30 0.09 2.05

1.27 0.073 1.34 0.10 2.05

1.22 0.071 1.29 0.09 2.05
1.24 0.071 1.31 0.10 2.05

1.13 0.065 1.19 0.08 2.05

1.12 0.064 1.17 0.08 2.05

1.17 0.068 1.27 0.09 1.95

1.22 0.070 1.32 0.10 1.95

1.22 0.070 1.32 0.10 1.95

1.11 0.065 1.19 0.09 1.95
1.19 0.068 1.28 0.09 1.95

1.08 0.062 1.16 0.08 1.95
1.08 0.062 1.16 0.08 1.95

HCB OGD
KW/M**2 C KW/1**2

1. 12 388. 1
1.10 44-6. 8

1.10 450.3
1.11 44 0. 9
1.11 437.0
1.11 430.4
1.09 482.2
1.09 4 86. 7

1.11 432. 8
1.10 456. 1
1.11 439.4
1.11 449. 7
I.11 444. 9
1.09 497. 5
1.09 500.4

1.10 484.1
1.11 453.6
1.11 449.5
1.09 517.9
1.11 457. 7
1.09 516.2
1.09 508.9

ON
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STEADY_STATE TEST P

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

**************************************

NOMENCLATURE

u£§ ~ CONOIE-BENGSTON HEAT TRANSFER COEFFICIENT
uSl " DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
HOP L, - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
HDRPW - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT

,. „ WALL PRANDTL NUMBER
HEXP - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

HEXPS - EXPERIMENTAL HEAT TRANSFER COEFFICIENT
Q/ITSURF-TSATI

HG57 - GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
HG59 - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
v — HEAT FLUX
QGD " GROENEVELD-DELORME HEAT FLUX

SDTSRF - CROSS-SECTIONAL STANDARD DEVIATION OF THE
SURFACE TEMPERATURE

SDO - CROSS-SECTIONAL STANDARD DEVIATION OF THE
HEAT FLUX

TBULK - BULK VAPOR TEMPERATURE

TSAT - SATURATION TEMPERATURE
TSRFCTSURFt - SURFACE TEMPERATURE
TF - EQUILIBRIUM FLUID TEMPERATURE
UHDR - UNCERTAINTY, DOUGALL-ROHSENOW HEAT
,„.,-„„ TRANSFER COEFFICIENT
UHEXP - UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

COEFFICIENT
UHEXPS - UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

COEFFICIENT
UHG57 - UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER

COEFFICIENT
UHG59 - UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
,,.,, COEFFICIENT
UNC - UNCERTAINTY
UTF - UNCERTAINTY, EQUILIBRIUM FLUID

TEMPERATURE
UX - UNCERTAINTY, QUALITY
X - QUALITY

************************j*j;;;jij*"
*********************S*it»^*********************************;**J*J;^
*******************************nn*nn***^****^
******************J***J5i**"********************************i***;*****i****^
******************************iiJi**!*^
****************************^*J*i***»n*^
*****************************************^^
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BCD
NO

LEVEL E3

34
50
6C

0.74
0.74
0.74

LEVEL E6

60 0.79

LEVEL E7

34 0.80
37 0.80
50 0.80

LEVEL E8

34 0.83
37 0.83
38 0.83

LEVEL Fl

17
21
34
37
38
50

0.87
0.87
0.87
0.87
0.87
0.87

LEVEL F2

1
14
17
34
38
50

0.89
0.89
0.89
0.89
0.89
0.89

LEVEL F3

14
17
21
34
60

0.91
0.91
0.91
0.91
0.91

LEVEL F4

60 0.93

LEVEL F5

21
60

0.95
0.95

LEVEL F6

1
17
37
38
5C
60

0.97
0.97
0.97
0.97
0.97
0.97

LEVEL F7

14
17
21
37
38
50

0.98
0.98
0.98
0.98
0.98
0.98

TSURF
DEG C

649.7
668.6
518.9

680.9

684.1
648.6
675.2

704.8
676.6
687.7

696.6
688.1
731.6
713.7
715.9
730.2

678.6
705.4
722.3
752.4
726.3
742.7

718.9
726.3
712.1
777.8
760.7

648.7

629.6
685.6

697..5
691.,9
6H2.,3
6 79.,4
731.,7
J2i>..9

691. 3
f()9. 1
68/. 4
695. 9
70?. 4
750. 1

Q
KW/M**2

HEXP

831.7 2.227
808.2 2.060
803.1 3.308

805.7 1.990

834.3 2.045
806.8 2.166
810.8 2.032

834.3 1.946
806.8 2.015
810.5 1.969

822.0
819.2
834.3
806.8
810.5
810.8

834.8
811.3
822.0
834.3
810.5
810.8

1.955
1.989
1.832
1.844
1.843
1.786

2.074
1.890
1.842
1.752
1.800
1.738

811.3 1.832
822.0 1.826
819.2 1.879
834.3 1.663
805.7 1.663

805.7

819.2
805.7

836.2
823.4
808.9
811.9
812.2
807.0

813.6
824.5
821.5
808.9
812.7
813.0

2.162

2.318
1.968

1.985
1.980
1.992
2.013
1.783
1.794

1.960
1.904
1.997
1.927
1.906
1.715

********** STEADY STATE TEST P

INTERMEDIATE LEVELS

**********

UHEXP

0.144
0.131
0.222

0.119

0.126
0.129
0.123

0.119
0.120
0.116

0.114
0.118
0.111
0.109
0.108
0.105

0.124
0.120
0.107
0.106
0.105
0.102

0.112
0.106
0.109
0.100
0.103

0.130

0.137
0. 117

0.128
0.118
0.119
0.119
0.106
0. 106

0.121
0.112
0.117
0.115
0.112
0.102

HDR
KW/M**2 C

UHDR HDRPW HG5 7

2.799 0.058 2.300 1.520
2.799 0.058 2.297 1.514
2.799 0.058 2.337 1.598

2.944 0.059

2.993 0.0 59
2.993 0.059
2.993 0.059

3.056
3.056
3.056

3.179
3.179
3.179
3.179
3.179
3.179

3.242
3.242
3.242
3.242
3.242
3.242

0.059
0.059
0.059

0.061
0.061
0.061
0.061
0.061
0.061

0.061
0.061
0.061
0.061
0.061
0.061

304 0.062
304 0.062
304 0.062
304 0.062
304 0.062

3.360

3.402
3.402

3.446
3.446
3.446
3.446
3.446
3.446

3.487
3.487
3.487
3.487
3.487
3.487

0.063

0.063
0.063

0.063
0.063
0.063
0.063
0.063
0.063

0.068
0.068
0.068
0.068
0.068
0.068

2.415

2.452
2.458
2.453

2.500
2.504
2.502

2.602
2.604
2.598
2.600
2.600
2.598

2.658
2.654
2.651
2.648
2.651
2.649

2.702
2.701
2.703
2.695
2.697

2.761

2.799
2.788

2.822
2.823
2.825
2.825
2.817
2.818

2.857
2.854
2.857
2.856
2.855
2.849

1.542

1.550
1.562
1.553

1.555
1.563
1.560

1.572
1.574
1.563
1.567
1.567
1.563

1.581
1.574
1.569
1.563
1.568
1.565

1.571
1.569
1.573
1.559
1.562

1.589

1.591
1.571

1.557
1.558
1.561
1.562
1.548
1.550

1.540
1.536
1.541
1.539
1.537
1.526

UHG57 HG59
KW/M**2 C

0.018 1.446
0.018 1.440
0.021 1.524

0.018 1.473

0.018 1.482
0.018 1.494
0.018 1.485

0.018 1.488
0.018 1.496
0.018 1.493

0.021
0.021
0.021
0.021
0.021
0.020

0.023
0.023
0.023
0.023
0.023
0.023

L.505
1.507
1.496
1.500

500
496

1.513
1.505
1.501
1.494
1.500
1.496

0.027 1.500
0.027 1.498
0.027 1.502
0.027 1.488
0.027 1.491

0.034 1.515

0.044 1.513
0.043 1.493

0.071
0.071
0.071
0.071
0.070
0.070

0.096
0.096
0.097
0.096
0.096
0.096

1.474
1.475
1.478
1.479
1.465
1.467

1.449
1.445
1.451
1.4^8
1.446
1.436

UHG59

0.023
0.022
0.025

0.022

0.023
0.023
0.023

0.024
0.024
0.024

0.027
0.027
0.027
0.027
0.027
0.027

0.031
0.031
0.031
0.030
0.031
0.031

0.036
0.036
0.036
0.036
0.0 36

0.046

0.058
0.057

0.085
0.085
0.085
0.085
0.084
0.084

0.128
0.126
0.127
0.127
0.126
0.125

HCB

1.557
1.545
1.703

1.562

1.567
1.589
1.572

1.567
1.581
1.575

1.590
1.595
1.574
1.582
1.581
1.575

1.610
1.596
1.588
1.577
1.587
1.580

1.600
1.596
1.603
1.578
1.583

1.648

1.6 70
1.632

1.633
1.636
1.641
1.643
1.617
1.619

1.642
1.633
1.645
1.640
1.637
1.616

QGD

KW/n**2

434.2
460. 2
264. 8

519. 3

538. 6
485. 2
524. 9

591. 3
547. 0
564. 0

622. 3
609. 0
£81. 8
651. 7
655.5
679. 4

617. 7
662.9
692.4
744. 9
699. 3
728.3

713. 0
725. 8
700. 8
819. 2
787.9

614.2

597. 7
697.4

740.6
730. 1
712. 1
706.8
804.0
793. 1

748. 1
782.0
740.6
756. 9
769. 3
861.6



********** STEADY STATE TEST P **********

INTERMEDIATE LEVELS

RCO X TSURF 0 HEXP UHEXP „, HDR UHDR HDRPW HG57 UHG57 HG59 __UHG59 HCB KJ%°*2

LEVEL F7

6C 0.98 742.4 807.9 1.733 0.102 3.487 0.068 2.849 1.528 0.096 1.437 0.125 1.619 846.5

00
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MASS FLUX 2.396E*05 LBM/SOFT H UNC.

325.15 KG/SQM S

LEVEL

F

G

E3

E6

E7

E8

Fl

F2

F3

F4

F5

F6

F7

F8

ENG

1.811

1.804

1.783

1.745

1.801

1.805

1.786

1.796

1. 787

1.745

1. 768

1.788

1.785

1. 797

^MENCLATURE

ENG

SI

570.6

568.2

561.5

549.8

567.5

568.7

562.5

565.8

563.0

549.8

556.9

563.1

562.2

566.2

soo

ENG

0.030

0.036

0.000

0.066

0.026

0.016

0.046

0.020

0.046

0.066

0.061

0.041

0.036

0.041

SI

9.34

11.49

0.00

20.75

8.09

5.10

14.45

6.25

14.37

20.75

19.17

13.00

11.29

13.05

6
SCO
TSRF

BTU/H FT**2
BTU/H FT**2
DEG F

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

SCTSRF DEG F
TF
UTF

DEG F
DEG F

********** STEADY STATE TEST **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS
MASS FLUX 5.353E*03 LBM/SOFT H PRESSURE

7.2644 KG/SQM S

946.7 PSI

6.53 MPA

UNC. PRESSURE 6.00 PSI

0.041 MP4

ENG

1251

1383

1138

1163

1150,

1191

1253

1258.

1315,

1184.

1245

1301

1325

13 63

TSRF

SI

678.1

751.3

614.9

628.8

621.8

644.2

678.8

681.9

713.2

640.4

674.7

705.6

719.1

739.9

SDTSRF

ENG

71.98

46.04

0.00

110.10

55.43

27.28

43.81

70.39

51.48

58.76

54.03

41.90

41.77

44.81

TF UTF

39

25

0

61

30,

15

24,

39.

28,

32.

30.

23.

23.

24.

SI

.988

.579

.000

.165

, 794

.156

341

104

,601

645

016

276

208

895

ENG

537.9

63 7.2

537.9

537.9

53 7.9

537.9

537.9

53 7.9

537.9

555.7

569. 7

584. 1

598.8

621.1

SI

281.4

336.5

281.4

281.4

281.4

281.4

281.4

281.4

281.4

291.3

299.1

307.1

315.2

327.6

ENG

0.757

35.118

0.757

0.757

0.757

0.757

0.757

0.757

0.757

25.203

29.8 16

30.922

32.458

33.937

Test Q

T/C Level (>,' wet T/C)/(Total # T/C)

E2 All wet
E3 6/7
E6 0/2
E7 3/4
E8 1/5
F All dry

SI

0.4

19.5

0.4

0.4

0.4

0.4

0.4

0.4

0.4

14.0

16.6

17.2

18.0

18.9

.9164

.1176

.7970

.8544

.8737

.899 1

.949 0

.9744

.9998

.023?

.0405

.0587

0760

1004

.0329

. C379

. 0303

. 0316

. C320

.0325

. 0338

. 0345

.0353

.0360

. 0363

. 0366

.0370

, 0375



PCD
NO

LEVEL F

3 0.92
4 0.92
7 0.92
7 0.92

10 0.92
10 0.92
10 0.92
n 0.92
n 0.92
15 0.92
16 0.92
18 0.92
1R 0.92
?C 0.92
?0 0.92
?1 0.92
?8 0.92
?fi 0.92
?n 0.92
31 0.92
31 0.92
3? 0.92
34 0.92
37 0.92
38 0.92
4? 0.92
45 0.92
45 0.92
53 0.92
59 0.92
59 0.92
59 0.92
60 0.92
64 0.92
64 0.92
64 0.92

TSURF
OEG C

60 5.3
626.6
655.3
645.6
676.3
674.4
673.3
678.5
675.7
677.1
710.6
650.2
629.1
590.7
647.4
647.9
669.0
658.2
660.8
678.8
683.9
703.1
672.4
652.3
668.7
683.6
667.0
671.0
704.6
719.5
714.1
722.6
725.5
757.2
774.0
769.4

KW/M**2

589.0
585.8
563.2
563.2
572.2
572.2
572.2
579.9
579.9
564.3
564.8
566.2
566.2
572.5
572.5
571.2
561.8
561.8
561.8
574.4
574.4
582.6
576.8
567.7
567.7
567.6
576. 1
576.1
589.2
570.7
570.7
570.7
564.8
568.7
568.7
568.7

HEXP

1.818
1.697
1.506
1.547
1.449
1.456
1.460
1.460
1.471
1.426
1.316
1.535
1.628
1.851
1.564
1.558
1.449
1.491
1.481
1.445
1.427
1.382
1.475
1.530
1.465
1.411
1.494
1.479
1.392
1.303
1.319
1.293
1.272
1.195
1.154
1.165

********** STEADY STATE TEST

PRIMARY LEVELS

UHEXP HDR UHDR
KW/M**2 C

0.107
0.099
0.089
0.091
0.086
0.087
0.087
0.085
0.088
0.082
0.076
0.091
0.096
0.108
0.090
0.096
0.084
0.086
0.086
0.084
0.083
0.080
0.087
0.096
0.086
0.084
0.087
0.086
0.081
0.075
0.076
0.076
0.075
0.069
0.066
0.067

2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359
2.359

0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047
0.047

HDRPW

1.924
1.920
1.915
1.917
1.912
1.913
1.913
1.912
1.912
1.912
1.908
1.916
1.919
1.927
1.916
1.916
1.913
1.915
1.914
1.912
1.911
1.909
1.913
1.916
1.913
1.911
1.913
1.913
1.909
1.907
1.908
1.907
1.907
1.904
1.903
1.903

**********

HG57 UHG57 HG59
KW/M**2 C

1.196 0.020
1.188 0.020
1.179 0.020
1.182 0.020
1.174 0.020
1.174 0.020
1.174 0.020
1.173 0.020
1.174 0.020
1.173 0.020
1.166 0.020
1.181 0.020
1.187 0.020
1.202 0.020
1.181 0.020
1.181 0.020
1.175 0.020
1.178 0.020
1.178 0.020
1.173 0.020
1.172 0.020
1.168 0.020
1.175 0.020
1.180 0.020
1.176 0.020
1.172 0.020
1.176 0.020
1.175 0.020
1.167 0.020
1.164 0.020
1.165 0.020
1.164 0.020
1.163 0.020
1.158 0.020
1.156 0.020
1.156 0.020

1.029
1.021
1.013
1.016
1.008
1.009
1.009
1.008
1.009
1.008
1.002
1.015
1.021
1.034
1.016
1.015
I.010
1.013
1.012
1.008
1.007
1.003
1.009
1.014
1.010
1.007
1.011
1.010
1.003
1.000
1.001
1.000
0.999
0.994
0.992
0.993

UHG59

0.025
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.025
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.024
0.0 24
0.024
0.024

.024

.024
0.0 24

0 2^
0.024
0.024
0.024
0.024
0.0 24

HCB

1.185
1.171
1.155
1.160
1.145
1.146
1.147
1.145
1.146
1.145
1.132
1.158
1.169
1.195
1.159
1.159
1.149
1.154
1.152
1.144
1.142
1.135
1.147
1.157
1.149
1.142
1.150
1.148
1.134
1.129
1.131
1.128
1.127
1.118
1.114
1.115

QGD
KW/M**2

310. 9
333. H
365. 4
354. /
3HH. 5
386. /
3H5. 4
agl . 1
38/. 8
384. 4
42 /. i
349. b
316. h

?°b. 3
3bh. S
35/. 0
380. 6
368. 6
3/1 . 6
391. 4

39/. z
414. 0
384.,b
•lb?. 0
380., 3
346., H
378., /
3K?., H
4X0.. !
43/.. /
431..4
441 ,. 3
444,. /
481 ,.3
501 ,. i
49b,. 8
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********** STEADY STATE TEST 'Q **********

INTERMEDIATE LEVELS

ROD X TSURF
DEG C

Q
KW/M**2

HEXP UHEXP HDR
KW/M**2

UHDR HDRPW HG57 UHG57
_ ___ 1

HG59
<W/M**2 C

UHG59 HCB QGD
KW/M**2

NO

LEVEL

60

E3

0.80 614.9 561.5 1.683 0.100 2.122 0.046 1.730 1.164 0.014 1.000 0.015 1.147 258.5

LEVEL

60

E6

0.85 672.1 564.5 1.445 0.084 2.237 0.046 1.815 1.166 0.014 1.004 0.017 1.132 344. 9

LEVEL

34
37
50

E7

0.87
0.87
0.87

641.3
586.3
637.8

576.1
566.1
560. 1

1.601
1.857
1.572

0.095
0.109
0.092

2.275
2.275
2.275

0.046
0.046
0.046

1.850
1.860
1.850

1.179
1.200
1.180

0.015
0.016
0.015

1.016
1.034
1.016

0.018
0.019
0.018

1.152
1.188
1.153

324.3
268. 0
320. 6

LEVEL

14
34
37
38

E8

0.90
0.90
0.90
0.90

628.1
663.4
63 7.3
648.1

564.9
576.1
566.1
567.5

1.629
1.50 8
1.590
1.548

0.097
0.089
0.093
0.090

2.325
2.325
2.325
2.325

0.047
0.047
0.047
0.047

1.892
1.887
1.891
1.889

1.187
1.176
1.184
1.181

0.018
0.017
0.018
0.017

1.022
1.012
1.019
1.016

0.021
0.021
0.021
0.021

1. 166
1.147
1. 1 60
1.154

325.2
363. 0
334. 9
346. 7

LEVEL

17
21
34
37
50

Fl

0.95
0.95
0.95
0.95
0.95

634.1
669.8
695.6
681.7
698.6

566.4
571.2
576.1
566.1
560.1

1.606
1.470
1.391
1.414
1.343

0.093
0.085
0.082
0.082
0.077

2.423
2.423
2.423
2.423
2.423

0.047
0.047
0.047
0.047
0.047

1.970
1.964
1.961
1.963
1.960

1.181
1.171
1.164
1.168
1.164

0.032
0.031
0.031
0.031
0.031

1.011
1.002
0.996
0.999
0.996

0.038
0.037
0.037
0.037
0.037

1.175
1.1 56
1.146
1.151
1.145

362. 8
404. 0
434. 3
<U8. 1
437. 5

LEVEL

1
14
17
34
38
50

F2

0.97
0.97
0.97
0.97
0.97
0.97

608.3
681.3
675.5
712.9
704.7
708.5

558.7
565.6
566.4
576.1
568.1
560.1

1.709
1.414
1.437
1.335
1.342
1.311

0.100
0.085
0.082
0.078
0.077
0.076

2.472
2.472
2.472
2.472
2.472
2.472

0.051
0.051
0.051
0.051
0.051
0.051

2.016
2.004
2.004
2.000
2.001
2.000

1.176
1.154
1.156
1.147
1.149
1.148

0.069
0.068
0.069
0.068
0.069
0.069

1.001
0.981
0.982
0.975
0.976
0.976

0.087
0.085
0.085
0.084
0.084
0.0 84

1.198
1.158
1.160
1.146
1.149
1.1*7

351.9
437.3
430.5
476. 0
465. 8
470.4

LEVEL

14
17
21
34
60

F3

1.00
I.00
1.00
I.00
I.00

688.8
682.8
694.8
734.4
753.9

564.9
566.4
571.2
576.1
564.5

1.386
1.411
1.381
1.272
1.195

0.082
0.081
0.079
0.074
0.071

2.521
2.521
2.521
2.521
2.521

0.0 93
0.093
0.0 93
0.093
0.093

2.042
2.043
2.041
2.037
2.035

1.087
1.088
1.086
1.079
1.076

0.062
0.062
0.062
0.062
0.062

0.900
0.901
0.899
0.893
0.890

0.079
0.078
0.078
0.078
0.078

1.161
1.164
1.159
1.145
1.139

467. 0
459. 4
474. 5
524.4
549.3



********** STEADY STATE TEST Q **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

NO DEG C
Q

KW/M**2
HEXPS UHEXPS HEXP UHEXP HDB HCB

KW/M**2 C
OGD

60 1.02

LEVEL F5

21
60

1.04
1.04

LEVEL F6

1
17
37
38
50
60

1.06
1.06
1.06
1.06
1.06
1.06

LEVEL F7

14
17
21
37
38
50
60

1.08
1.08
1.08
1.08
1.08
1.08
1.08

LEVEL F8

1
17
21
34
37
50
60

1.10
1.10
1.10
1.10
1.10
1.10
1.10

663.5

642.9
702.6

683.5
681.4
701.1
689.9
732.1
739.9

697.3
698.4
700.3
715.4
709.9
751.1
756.1

724.1
710.3
715.6
761.7
730.0
773.1
770.1

564.5

571.2
564.5

576.3
567.4
567.3
568.5
561.7
565.4

565.1
566.7
571.4
566.2
567.7
560.3
564.7

577.2
568.2
573.0
578.0
567.9
561.9
566.3

1.48

1.58
1.34

1.43
1.42
1.35
1.39
1.25
1.23

1.36
1.36
1.36
1.30
1.32
1.19
1.19

1.30
1.32
1.32
1.20
1.27
1.14
1.16

0.086

0.091
0.078

0. 087
0.082
0.078
0. 080
0.072
0.071

0.080
0.078
0.078
0.076
0.076
0.069
0. 069

0.076
0. 076
0. 076
0.070
0.073
0.066
0.067

1.52

1.66
1.40

1.53
1.52
1.44
1.48
1.32
1.31

1.48
1.48
1.48
1.41
1.44
1.29
1.28

1.46
1.48
1.48
1.33
1.41
1.26
1.28

0.11

0.13
0.10

0.12
0.11
0.11
0.11
0.09
0.09

0.11
0.11
0.11
0.10
0.11
0.09
0.09

0.11
0.11
0.11
0.10
0.11
0.09
0.09

2.39

2.27
2.27

2.17
2.17
2.17
2.17
2.17
2.17

2.10
2.10
2.10
2.10
2.10
2.10
2.10

2.00
2.00
2.00
2.00
2.00
2.00
2.00

1.18

1.19
1. 1/

1 .18
1,.18
1,. 1 /
1 .18
1,. 16
1,.16

1..18
1.. 18
1.,1 /
1. 1 /
1. 1 /
1. 16
1. 16

1. 1 7
1. 18
1. 18
1. 16
1. 17
1. 16
1. 16

434.5

401
476,

. 7

.4

445,
442
467.
453,
507,
517,

. 1

.3

.5

.3

.6

.6

456.
457.
459.
*79.
472.
525.
532.

1
5
9
,0
2
4
0

481.
462.
469.
530.
488.
545.

0
5
6

6
5
6

541.6

-J
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STEADY STATE_TEST_R

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

NOMENCLATURE

HfR - CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
HDB - DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
HnR - OOUGALL-ROHSENOH HEAT TRANSFER COEFFICIENT
HDRPW - DOUGALL-R0HSEN0W HEAT TRANSFER COEFFICIENT,
HEXP - E^ERIMEN^Il hWrANSFER COEFFICIENT
HEXPS - EXPERIMENTAL1 HEAT TRANSFER COEFFICIENT
wr«;7 - GROENEVELDS5l7 HEAT TRANSFER COEFFICIENTHG59 - GROENEVELD %.9 HEAT TRANSFER COEFFICIENT

sStIrF : ^SirsS^^k^^A^^D^DEjlATION OF THE
SDO - |g^yf^N^l?ANDARD DEVIATION OF THE
TBULK - BULK VAPOR TEMPERATURE

TSAT
TSRF(TSURFI -
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

SATURATION TEMPERATURE
SURFACE TEMPERATURE

5SUCERL{BA?NTUYM,FhouHATLLM-^HtS^HEAT
UN^TAINT^FXCPERrMENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,

UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT
UNCERTAINTY
UNCERTAINTY,
TEMPERATURE
UNCERTAINTY,
QUALITY

EXPERIMENTAL HEAT TRANSFER

GROENEVELD 5.7 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY

******
******

******
******
******

******

******

******

******
******

******
******
******

TBULK - BULK VAPOR TEMPERATURE

***************************************************.*.*.** ***l*******iii**********************************************;*.*.
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********** STEADY STATE TEST R **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS
f «ss FLUX 2 • 676E+05 LBM/SOFT ^ UNC. MASS FLUX 5. 976E+03 LBM/SOFT H PRESSURE 952. 4 PS I UNC. PRESSURE 6.00 PSI

—-——.

363.11 KG/SQM S 8. 1097 KG/SQM S 6.57 MPA 0.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX
ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 2.050 645.7 0.034 10.72 1305.5 707.9 60.91 33.837 538.6 281.8 0.757 0.4 .9254 .0334
G 2.039 642.1 0.047 14.73 1389.2 754.3 35.46 19.701 648.1 342.6 35.683 19.8 1.1296 . 0384
E2 2.000 63 0.0 0.000 0.00 1110.6 599.6 0.00 0.000 538.6 281.8 0.757 0.4 .7771 . 0298
E3 2.030 639.3 0.031 9.62 1118.7 604.1 111.06 61.702 538.6 281.8 0.757 0.4 .804 2 . 0307
E6 1.972 621.2 0.076 23.96 1241.3 672.2 69.86 38.812 53 8.6 281.8 0.757 0.4 .8625 . 0320
E7 2.036 641.3 0.030 9.47 1232.7 667.4 18.21 10.119 538.6 281.8 0.757 0.4 .8621 .0324
E8 2. 041 643.0 0.019 6.05 1266.9 686.4 14.65 8.141 538.6 281.8 0.757 0.4 .9079 .0330
Fl 2.019 636.0 0.052 16.50 1322.2 717.1 23.44 13.023 53 8.6 281.8 0.757 0.4 .9585 . 0343
FJ 2.032 640.1 0.021 6.59 1336.9 725.3 35.33 19.629 538.6 281.8 0.757 0.4 .9843 .0350
F3 2.019 636.1 0.052 16.41 1371.9 744.7 51.99 28.884 545.2 285.4 26.838 14.9 1.0101 .0358
F4 1.972 621.2 0.076 23.96 1224.5 662.8 43.42 24.120 565.4 296.7 27.916 15.5 1.0338 .0364
F5 1.997 628.9 0.069 21.59 1284.4 696.1 56.96 31.645 578.9 304.1 30.544 17.0 1.0513 . 0367
F6 2.017 635.4 0.047 14.80 1341.2 727.7 42.96 23.865 593.9 312.5 31.721 17.6 1.069 8 . 0371
F7 2.C19 636.0 0.041 12.85 1362.8 739.6 44.79 24.881 609.2 321.0 33.182 18.4 1.0873 . 0374
F8 2.027 638.5 0.051 16.02 1393.2 756.6 41.17 22.870 632.5 333.9 34.743 19.3 1.1121 .0380

NOMENCLATURE
Test R

ENG SI T/C Level (# wet T/C)/(Total # T/C)
C BTU/K FT**2 X 1E5 KW/M**2 El All wetSDQ
TSRF

8TU/H
DEG F

FT**2 X 1E5 KW/M**2
nFG r

E2 2/3
SOTSRF DEG F OEG C E3 4/7
TF
LTF

DEG F
DEG F

DEG
DEG

C
c

E6

E7

0/2
1 IA

1/5
All day

-J
-J
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********** STEAOY STATE TEST R **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

RCD X
NO

TSURF
DEG C

Q
KW/M**2

HEXPS UHEXPS HEXP UHEXP HOB HCB
KW/M**2 C

QGD
KW/M**2

LEVEL F3

14
17
21
34
60

1.01
I.01
1.01
1. 01
1.01

711.6
718.7
727.4
769.2
7 79.5

LEVEL F4

60 1.03 679.9

LEVEL F5

21
60

1.05
1.05

661.3
723.1

LEVEL F6

1
17
37
38
50
60

1.07
1.07
1.07
1.07
1.07
1.07

703. 0
706.8
720.6
710.0
757.5
760.2

LEVEL F7

14
17
21
37
38
50
60

1.09
1.09
1.09
1.09
1.09
1.09
1.09

711.3
724.5
717.7
734.2
731.0
777.0
775.4

LEVEL F8

1
17
21
34
37
60

1.11
1.11
l.ll
1.11
1.11
1.11

747.9
737.9
731.8
787.8
747.9
788.9

638.0
640.5
644.4
651.5
638.1

638.1

1.48 0.088 1.50 0.10 2.73
1.47
1.45

0.084
0. 083

1.48
1.46

0.10
0.10

2.73
2.73

1.34 0. 079 1.35 0.09 2.73
1.28 0.077 1.29 0.09 2.73

1.60 0.094 1.67 0.12 2.52

644.4
638.1

1.70
1.45

0.098
0.084

1.80
1.52

0.14
0.11

2.41
2.41

651.1
640.5

1.55
1.51

0.095
0.088

1.67
1.62

0.13
0.12

2.31
2.31639.7

641.5
632.7
638.1

1.46
1.50
1.33
1.33

0.085
0.087
0.077
0.077

1.57
1.61
1.42
1.43

0.11
0.12
0.10
0.10

2.31
2.31
2.31
2.31

6 39.1 1.49 0.089 1.64 0.13 2.24641.7 1.45 0.084 1.59 0.1? 2.24
2.24
2.24

645.5
640.7

1.48
1.42

0.085
0.082

1.63
1.55

0.12
0.11

642.6
633.9
639.3

1.43
1.28
1.30

0.083
0.074
0.075

1.57
1.39
1.41

0.12
0.10
0.10

2.24
2.24
2.24

651.1 1.40 0.082 1.57 0. 12 2.14640.5 1.40 0.081 1.59 0. 12 2.14
2.14
2.14
2.14

644.4 1.43 0.082 1 .62 0.12
651.5 1.29 0.076 1.44 0.11
639.7 1.37 0.079 1.55 0.12
638.1 1.26 0.073 1.40 0.10 2.14

1.26
1.26
1.25
1.24
1.24

1.28

1 .29
1 .7!

1,.?fl
1, .28
1, . 7 1
1, .7H
1,.'-'6
1..26

1.,?n
1.,?r
1.,7H
1. ? i
!. n
1.,7b
1. 26

1. 27
1. 28
1. /H
1. 7b
1. 77
1. 26

561.0
571. 1
583.6
643. 1
658. 1

504.4

471.0
558. 5

522.2
527.8
547.3
532.4
600.9
605.0

526.9
545.4
535.9
559.7
555.0
622. 6
620. 2

569.7
555. 1
546.5
629.5
569.7
631.2
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STEADY STATE_TEST_T

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

************************************************* ii4rJ,44i4i4i*************************************************************************************************************************^
*****************************************^^*************************************************************;**^
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**********

NOMENCLATURE

HCB - CONDIE-BENGSTON HE AT TRANSFER COEFFIC IENT
HDB - DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
HDR - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
HDRPW - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,

WALL PRANDTL NUMBER
HEXP - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

HEXPS - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

HG57 - GROENEVELDS5l7 HEAT TRANSFER COEFFICIENT
HG59 - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT

OGD - GROENEVELD-DELORME HEAT FLUX
SDTSRF - CROSS-SECTIONAL STANDARD DEVIATION OF

SDO - CROSS-SECTIONALTSTANDARC DEVIATION OF THE
HEAT FLUX

TBULK - BULK VAPOR TEMPERATURE

THE

TSAT
TSRFCTSURF1
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

- SATURATION TEMPERATURE
- SURFACE TEMPERATURE
- EQUILIBRIUM FLUID TEMPERATURE
- UNCERTAINTY, DOUGALL-ROHSENOW HEAT

- U^ER^INT^^XPErTmENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY
UNCERTAINTY,
TEMPERATURE
UNCERTAINTY,
QUALITY

EXPERIMENTAL HEAT TRANSFER

GROENEVELD 5.7 HEAT TRANSFER

GROENEVELD 5.9 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY
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********** STEADY STATE TEST T **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

MASS FLUX 1.766E+05 LBM/SQFT H UNC. MASS FLUX 4.001E+03 LBM/SOFT H PRESSURE 1723.0
239.60 KG/SQM S 5.4292 KG/SQM S U.89

PS I

MPA

UNC. PRESSURE 6.00 PSI

C.041 MPA

LEVEL

ENG SI ENG

G 1.029 324.1 0.014

F6 1.030 324.4 0.000

F7 1.014 319.5 0.000

F8 1.027 323.4 0.006

NOMENCLATURE

ENG

0 BTU/H
JCQ BTU/H
TSRF DEG F
SOTSRF DEG F
TF DEG F
LTF DEG F

FT**2 X 1E5 1
FT**2 X 1E5 1

I
[

SOO TSRF SOTSRF TF UTF UX

SI

4.35

0.00

0.00

1.75

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

ENG

1068.3

1060.3

1024.1

1080.6

SI

576.1

571.6

551.5

582.9

ENG

39.17

0.00

0.00

40.16

SI

21.759

0.000

0.000

22.313

ENG

624.0

614.8

614.8

616.9

SI

329.2

324.1

324.1

325.3

Test T

ENG

15.766

0.484

0.484

15.735

T/C Level (# wet T/C)/(Total # T/C)
Fl All wet
F2 5/6
F3 5/6
F4 1/2
F5 1/3
F6 0/7
F7 1/8
F8 All dry

SI

8.8 1.0251 .0385

0.3 .9672 .0373

0.3 .9842 .03 76

8.7 1.00 81 . 0381

00
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********** STEADY STATE TEST T **********

INTERMEDIATE LEVELS

RCD X TSURF
NO DEG l KW/MQ**2 -^ ^-E*!- KW/K*R2 C-U-HS-R "-™™ ™1 ™«I KH/^*5I C-™G-5-9- ™ KJmG*°

KW/M**2

LEVEL F6

1 0.97 571.6 324.4 1.311 0.078 2.888 0.057 2.146 1.324 0.049 1.019 0.047 1.11? ?34 4
LEVEL F7 "

60 0.98 551.5 319.5 1.405 0.082 2.924 0.066 2.183 1.338 0.052 1.027 0.065 1.149 223.0

00



ROD
NO

TSURF
DEG C KW/M**2

HEXPS

********** STEADY STATE TEST T **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/M**2 C

UHEXP HOB

LEVEL F8

I 1.01
60 1.01

598.7
567.1

324.7
322.2

1.18
1.33

0.069
0.077

1.19
1.33

0.08
0.09

1.52
1.52

HC3 QGD
KW/M**2 C KW/M**2

1.08
1.13

15.1
5.6

00
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********** STEADY STATE TEST U **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

MASS FLUX 1,.778E+05 LBM/SQFT H UNC. MASS FLUX 4.028E«-03 LBM/SOFT H PRESSURE 1694.4 PSI UNC. PRESSURE 6.00 PSI

..

241.22 KG/SQM S 5. 4663 KG/SQM S 11.69 MPA C.041 MPA

LEVEL Q SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

G 1.030 324.3 0.014 4.33 1069.9 576.9 37.12 20.624 616.9 325.3 16.060 8.9 1.0132 . 0379

F6 1.030 324.5 0.000 0.00 1054.7 568.5 0.00 0.000 612.5 322. 8 0.484 0.3 .9563 .0367

F7 1.014 319.3 0.000 0.00 1021.5 550.1 0.00 0.000 612.5 322.8 0.484 0.3 .9730 . 0370

F8 1.027 323.5 0.006 1.83 1077.2 581.0 38.11 21.174 612.5 322. 8 0.484 0.3 .996 5 . C375

NOMENCLATURE

ENG SI

c BTU/H FT**2 X 1E5 KW/M**2

SOQ BTU/H FT**2 X 1E5 KW/M**2

TSRF DEG F DEG C
SDTSRF DEG F OEG C
TF DEG F DEG C
LTF DEG F DEG C

Test U

T/C Level (» wet T/C)/(Total # T/C)

Fl All wet

F2 5/6

F3 5/6

F4 1/2
F5 2/3

F6 1/7
F7 1/8
F8 All dry 00

00



RCD
NO

LEVEL G

TSURF
DEG C

1 1.01 5 89.8
16 1.01 573.8
16 1.01 588. 1
i^ 1.01 588.8
34 1.01 549.5
42 I. 01 552.2
42 1.01 553.2
58 1.01 569.4
60 1.01 568.7
64 1.01 604.3
64 1.01 608.7

Q
KW/M**2

324.8
319.2
319.2
334.3
329.4
323.6
323.6
325.2
322.2
323.0
323.0

HEXPS

********** STEADY STATE TEST U **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/M**2 C

UHEXP HOB

1.22 0.071 1.23 0.08 2.89
1.27 0.075 1.28 0.09 2.89
1.20
1.26

0.070
0.073

1.21
1.27

0.08
0.09

2.89
2.89

1.45 0. 086 1.47 0.11 2. 89
1.41 0.092 1.43 O.U 2. 89
1.41 0.083 1.42 0.10 2.89
1.32 0.078 1.33 0.09 2.89
1.31 0.078 1.32 0.09 2.89
1.15 0.066 1.16 0.08 2.89
1.13 0. 065 1.14 0.08 2.89

HCB
KW/M**2 C

QGD
KW/M**2

1.10 267.4
1.12 252.2
1.10 265.7
1.10 266.4
1.16 229.6
1.15 232. 1
1.15 233.0
1.12 248.2
1.12 247.5
1.08 280. 7
1.07 285. 0

00



********** STEADY STATE TEST U **********

INTERMEDIATE LEVELS

"S8 X 311TC KW,M°**2 "™P----™-™- KH/SB2 C-U-H2L--J!EL™ "»I—™«Z KI./BSH C_™«2 ^ K.»2

LEVEL F6

1 0.96 568.5 324.5 1.321 0.079 2.834 0.0 55 2.118

LEVEL F7

60 0.97 550.1 319.3 1.406 0.082 2.869 0.060 2.154

LEVEL F8

1
60

1.00
1.00

595.9
566.0

324.8
322.2

1.189
1.325

0.069
0.077

2.919
2.919

0.095
0.095

2.167
2.181

1.320 0.033 1.020 0.032 1.115 227.6

1.336 0.052 1.031 0.065 1.149 217.5

1.266 0.053 0.966 0.059 1.086 269.5
1.292 0.054 0.987 0.060 1.126 241.8

©
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HCB
HOB
HCR
HDRPW

HEXP
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*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*.**.!***** ********************** ******************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************

************** ************************************
**************************************************
******************* *******************************
**************************************************

**************************************** **********
**************************************************
**************************************************
****************************************** ********
******************* *******************************
****************************************** ********
*************************************** ***********
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************

STEADY_STATE TEST V

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

NOMENCLATURE

- CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT

I BOUJ :5R°aHpRN0tlEa^TTRfR^^E^^EFFi^ENT
" 50A^ALPRLA^ENnSWMB^AT TRANSFER "EFFICIENT.
" SJlfSfiK^JgW?" TRANSFER C0EFFI"ENT

HEXPS - ^PI^^NjA^HEAT TRANSFER COEFFICIENT
HG57 - GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
HG59 - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
U ~ HEAT FLUX

rgGD - GROENEVELD-DELORME HEAT FLUX
SDTSRF - CROSS-SECTICNAL STANDARD DEVIATION OF THE

SURFACE TEMPERATURE
SOQ - CROSS-SECTIONAL STANDARD DEVIATION OF THE

HEAT FLUX
TBULK - BULK VAPCR TEMPERATURE

TSAT
TSRF1TSURFI
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

- SATURATION TEMPERATURE
- SURFACE TEMPERATURE
- EQUILIBRIUM FLUID TEMPERATURE
" y^E,RJAINTY' OOUGALL-ROHSENOW HEAT

TRANSFER COEFFICIENT
~ yDiI2I^;^TY' EXPERIMENTAL HEAT TRANSFER

COEFFICIENT
" yygERTA INTY. EXPERIMENTAL HEAT TRANSFER

COEFFICIENT

" ^li^JI^' GROENEVELD 5.7 HEAT TRANSFER
COEFFICIENT

" ^iET^I,?' GROENEVELD 5.9 HEAT TRANSFER
LOE FF IC IENT

- UNCERTAINTY
- UNCERTAINTY, EQUILIBRIUM FLUID

TEMPERATURE
- UNCERTAINTY, QUALITY
- QUALITY
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********** STEADY STATE TEST V **********

MASS FLUX 1.835E+05

249.03

LBM/SOFT H

KG/SQM S

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

UNC. MASS FLUX 4.151E*03 LBM/SOFT H PRESSURE 1744.6 PS I

5.6330 KG/SQM S 12.04 MPA

UNC. PRESSURE 6.00 PSI

C.041 MPA

LEVEL

ENG

G 1.0 39

F6 1.033

F8 1.035

NOMENCLATURE

ENG

SI

327.2

325.5

326.1

SDO

ENG

0.016

0.000

0.009

SI

TSRF

SI ENG SI

5.05 1069.6 576.8

0.00 1038.5 559.5

2.75 1060.3 571.6

c BTU/H FT**2 X 1E5 KW/M**2
SOQ BTU/H FT**2 X 1E5 KH/M**2
TSRF DEG F DEG C
SCTSRF DEG F DEG C
TF DEG F DEG C
UTF DEG F DEG C

UTF UXSDTSRF

ENG SI

29.29 16.274

0.00 0.000

39.46 21.920

TF

ENG SI

616.6 325.1

616.6 325.1

616.6 325.1

ENG SI

0.484 0.3 .9856 . 0378

0.484 0.3 .9289 .0365

0.484 0.3 .9690 .0374

Test V

T/C Level (# wet 'r/C)/(Total # T/C)

Fl All wet

F2 5/6
F3 5/6
F4 1/2
F5 2/3
F6 4/7
F7 4/8

F8 All dry
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********** STEADY STATE TEST V **********

INTERMEDIATE LEVELS

«S8 * im KW/MW -*!---!-- K-,BB2 CJL"2L_J!»!™ -57____UHG57 ^059 r __UHG59 HCB ^QGD^

LEVEL F6

1 0.93
559.5 325.5 1.389 0.084 2.929 0.058 2.174 1.385 0.021 1.077 0.022 L162 218.2

60 o:^ III'A 111:1 hill 8:821 1:811 3:8!§ 1:18 1:111"TZlZ 587.1 328.1 1.232 0.073 3.018 0.060 2224 l.||6 0.051 1.051 0.053 1.127 259.6
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STEADY_STATE TEST W

FLUID CONDITIONS

CORRELATION COMPARISONS

SI UNITS

**************************************************
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**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
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NOMENCLATURE

HCB
HDB
HDR
HDRPW

HEXP

HEXPS

HG57
HG59
Q
OGD

" £0£!9,I.E"!E^GS.T-0N HEAT TRANSFER COEFFICIENT
: g l?r Hps^awTRrHrFE?!^^^
" S2^PRLIRNgVP&^AT TR&NSFER "EFFICIENT.

qE?P!Ru^fE^bA5lkEAT TRANSFER C°E^IENT
EXP|RIMENTALtHEAT TRANSFER COEFFICIENT

- GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
" S?2lNl.V.E.tD 5"9 HEAT TRANSFER COEFFICIENT
— HtAT rLUX

ctc,. ~ GROENEVELO-DELORME HEAT FLUXSDTSRF - |gg||-|ECTICNALTSTANOARD DEVIATION OF THE
SOO - CROSS-SECTIONAL STANDARO DEVIATION OF THE

HEAT FLUX
TBULK - BULK VAPOR TEMPERATURE

TSAT
TSRFITSURFI
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

It****
***********************************

- SATURATION TEMPERATURE
- SURFACE TEMPERATURE
" EQUILIBRIUM FLUID TEMPERATURE
" ^CERTAINTY, DOUGALL-ROHSENOW HEAT

TRANSFER COEFFICIENT
~ y^CERTAINTY, EXPERIMENTAL HEAT TRANSFER

COEFFICIENT
" ^CERTAINTY, EXPERIMENTAL HEAT TRANSFER

CutFFICIENT

" ^9I?TAIKY' GROENEVELD 5.7 HEAT TRANSFER
COEFFICIENT

~ r^Ic1^^^' GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT

- uncertainty

" t^IMtK?' eouilibrium fluid
- uncertainty, quality

QUALITY

•j*;*::*?:*****^*::^*^i**************************************-*^
***********************************************xi**r;ri****iii***ii*ii*n^
********************************ii**^***i*^^
****************************^*i*\£*^*^^
*^********************************n*^*^nn^
****************************************^^

3^S^^^^^SSSs^^^SS5Fsss„ .„..„....
******************************************;*i**n*j*x*iil*i*n***^***************************************^^
**II****************************************i**^^**************************************************^

****
********************************
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********** STEADY STATE TEST W **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 1 .885E+05 LBM/SOFT H UNC. MASS FLUX 4.260E«-03 LBM/SOFT H PRESSURE 1819.5 PSI UNC. PRESSURE 6.00 PSI

255.85 KG/SQM S 5. 7812 KG/SQM S 12.55 MP A C.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.223 385.4 0.026 8.34 1091.1 588.7 53.23 29.574 622.5 32 8.4 0.443 0.2 .9418 . 03 86

G 1.221 384.6 0.024 7.65 1164.9 629.7 41.20 22.887 695.1 368.7 21.851 12.1 1.1700 .0442

E« 1.218 383.6 0.000 0.00 1060.9 571.9 0.00 0.000 622.5 328.4 0.443 0.2 .8715 . 0370

E7 1.228 387.0 0.000 0.00 1139.3 615.5 0.00 0.000 622.5 328.4 0.443 0.2 .8934 . 0375

E8 1.238 389.9 0.012 3.74 1100.4 593.9 81.53 45.294 622.5 328.4 0.443 0.2 .9222 .0381

Fl 1.212 381.9 0.032 9.93 1076.0 580.3 22.76 12.646 622.5 328.4 0.443 0.2 .9787 . 0396

F2 1.223 385.1 0.014 4.33 1115.1 602.0 53.70 29.832 625.1 329.8 13.507 7.5 1.0075 . 04 04

F3 1.212 381.7 0.031 9.87 1120 . 2 604.9 38.65 21.472 635.3 335.5 15.235 8.5 1.036 3 .0413

F4 1.221 384.5 0.000 0.00 1050.1 565.9 0.00 0.000 645.8 341.3 17.746 9.9 1.0628 . 0420

F5 1.187 373.8 0.048 15.12 1073.0 578.7 26.30 14.614 654.3 346.0 18.947 10.5 1.0824 . 0424

F6 1.211 381.5 0.026 8.28 1112.7 600.7 31.00 17.221 664.0 351.4 19.474 10.8 1.1032 .0427

F") 1.210 381.1 0.024 7.48 1116.3 602.7 24.97 13.873 673.5 356.7 20.075 11.2 1.1228 . C432

Fe 1.216 382.9 0.027 8.63 1153.8 623.5 36.39 20.217 685.8 363.5 20.895 11.6 1.1504 . 0438

NOMENCLATURE

ENG SI

Q BTU/H FT**2 X 1E5 KW/M**2
SCQ BTU/H FT**2 X 1E5 KW/M**2
TSRF DEG F DEG C
SDTSRF DEG F DEG C
IF OEG F DEG C
LTF DEG F DEG C

Test W

T/C Level (« wet T/C)/(Total * T/C)

E3 All wet

E6 1/2

E7 1/4

E8 1/5

F All dry



>•
-

o
q

;

tn
i

o
I

x
I

in
i

o
I

C
U

C
vJ

in
*

o
*

i
r

in
|

0
|

1
I

=
IIIII

f
-

I
in

l

S
I

IIIII
3

I
Q

-
I

a
.

I
o

|
x

IIIII
«

I
0

1
X

I
=

>
lI

a
*

o
#

X
s
:

o
-

I
X

I
iu

i

X
I

3
IIII

a
!

x
I

U
J

I
X

I

3
1

5

1
X

111I
a

o
I

a
z

1
a

.

1
9

7

co
r^f>

j(\jo
r\io

c^o
o

co
co

cD
o

^O
sO

co
o

ro
co

(\ir^rv
jo

in
rg

f^iria'0
^r\jo

fct

cm
r\jcm

cm
cm

t\if\jcm
r\j<m

<m
cm

cm
r\jcm

cm
t\icm

cm
cm

cm
r\jcm

cm
<m

(m
c\jcm

c\tcm
m

m
rn

o
a<

|h
^ro

^co
in

^^irico
tn

co
rg

^^4
'>

o
^rn

ro
co

co
in

o
r^o

o
o

^o
^rg

stco
O

inrofM
(r)h-r--cocooi>o1'm

cor-cocoa'C
O

rH
co--<*M

-ooo
oi^4-4-c\jo>

coco
_4

,_|f-H
,-|,_<_

|,—
|,_)^

,_
«

„.(_<
,-H

vH
r~ir-4—

4•"*,-H
_<

CM
(M

^H
CM

(M
—

*w-t^H
«-H

r~*O
O

O

i^N
O

»oir>soO
sO

so-or*-r-vO
so-o-40*oh-

•ou^r«-r'-sD
r»--r*-.osO

sO
sO

'O
ininin

f
Mr
g(
M(
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
M(
M
C
MC
MC
MC
M(
MC
MC
MC\JC

MC
M(
MC
MC
MC
MC
MC
M

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

co
o

o
^co

o
>

^^c\irg
cM

r^c^rsj^cM
C

M
<

^cM
co

fM
ro

4
--^^rn

^o
o

o
^o

«
^>

o
o

0
-
*

O
O

O
r
lH

H
H

^
H

O
H

^
H

-
H

O
^

^
H

H
H

-
.^

r
W

O
O

O
O

O

4-in
4-st--*

in
in

m
in

gj*oin
in

in
in

in
so

in
sf

m
f»-*otr\o

so
in

in
in

in
4-4-4-st-

rgcM
(^rgCM

CM
CgCM

CM
rM

CM
CM

rM
CM

(M
CM

fM
CM

CM
CM

rM
CM

CM
CM

CM
CM

CM
rgC^

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o-^<
x>

O
sO

C
og3orM

O
rH

C
0^4-cM

<
rG

^cocg^rgin^sO
rnoo^cofr)^ooroi^

C
*

C
M

O
o

o
m

m
st-sfin

in
0

4
-m

4
-4

-srst'0
^

sfso
o

m
L

n
in

m
.-^

^
^

O
r"-r'-r--

en-4*
st-st-**•

4-st-st-si-4-4-•&
<#

4-sj-4-4-4
rn

-4-*t
4-4-4--4-4-^-.tf-<

fsfm
m

m

4
-o

r^cr>
tM

C
^co

o
^u

^in
stcM

N
^cM

sfcM
in

o
-^(v

jin
co

»
o

tn
cj'C

o
g

j^co
in

r--
f-

O
^C

O
h-CO

OCT>
O

O
O

O
C

O
O

O
^O

O
O

O
f-

©
•-<

r-icj*O
O

&
COCO

CO
CO

SO
sO

vD
<

N
icM

C
A

irgcM
C

M
C

M
tncnm

m
cM

m
cM

m
rom

m
cM

m
m

cn

C\JCM
CM

CM
CM

CM
CM

rgCM
CM

CM
C\lCM

rM
fM

CM
fM

CM
C\ICM

CM
CM

(M
C\|CM

CM

•O
sD

*0>
0-O

*0so
•©

O
SO

>D
so-O

*OsD
so

sO
sO

sD
-o

-sO
«0sO

-O
-O

sO
O

-o
%osO*0sO-O

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

•4-4-sf
4-

st-st-st-st-st-st-st-si-sj-4"sj-st-sf
4"4-4-4-

<f-<j-4-
<j->*•<j-^j.^j-^-<j-^.^-

i
ni
ni
ni
ni
n
i
ni
n
i
n
i
ni
ni
ni
ni
n
i
ni
n
i
n
i
ni
nm

i
ni
n
i
ni
ni
ni
n
i
ni
nm

m
i
ni
ni
n
i
n

m
enm

rnm
rnrortim

enr*>cnenm
m

enm
m

rocoencocoronr*if^ncncnrorocn

0
0
0
0
0
0
0
0
0

O
o
o
o
O
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

o
cM

co
s^co

m
cM

m
sfso

in
co

co
in

m
m

in
in

o
si-o

m
r-io

^o
co

h
-o

o
^o

iA
co

^)
co

o
o

o
m

u
^

sf>
o

>
^

in
o

^
sD

o
^

rv
jh

-co
m

o
co

-<
o

*
-«

fn
C

T
,o

o
so

^
st-o

so
a4

in
r,s-

C
M

in
s|-m

m
in

tn
u

^^<
)sD

m
in

in
in

in
so

*
o

m
so

h
-h

-in
so

*
o

in
st-sf4

-rO
i-*

»
-<

r-<

m
rv

jfM
r^

p
^

»
^

^
<

^
rg

(M
^

s^
so

cn
m

m
4

-si-o
so

in
co

ir\in
in

sftn
in

in
in

(f>
m

m

r^4
-^u

^in
cM

rM
(M

^^o
o

^m
»

^^^f^r^c>
cM

^4
'g

3
(M

fM
r*

-m
m

m
4

"st-st-<
t-

co
c*0^r*

N
-coco

cotr»0so**h-co00coco
CO

CO
fJ1&

coco00o*»rj*o
co00to

co
000000

c
n

m
m

fflm
ro

rn
m

m
m

fo
rn

m
m

m
m

m
m

m
^

m
ro

rn
m

m
m

c
o

rn
m

m
rn

m
m

0
0

0
cm

>O
i-<sf-r\jao

co
som

,co
in

si-00
m

m
N

-r<>>
o^(

r^oo
m

o
0*st-h-

^
h

O
^

h
^

^
O

^
so

o
^

sf%
o

c
M

O
sfc

c
)in

c
o

c
o

o
o

^
in

(^
o

o
^

in
c
c
>

o
^

^
«

^
c
o

s^
o

^
o

>
o

in
m

o
^o

^O
h

-r^^rw
*

o
so

o
g

3
^r^so

^*
o

{N
ih

-in
u

^o
D

u
^sO

o
o

Q
N

O
h

o
«

-<
st-so

in
*

O
in

sO
sO

so
in

u
^io

in
in

u
^so

in
in

in
in

in
in

*
o

in
in

in
in

in
in

in
in

in
sO

g
j«

O
so

»
o

4
-stsj-sr4

-<
f<

j-^
sr

<
♦
-
<
j
-
<
^^

^
^

^
^

<
j.̂

-^
-^

.^.
^.

^.
^

^.
^.^.

^.
^.^.

^
^

0^O
CT»0

0̂*»0*-O1C
C*CT-CT*(7*0*>CT1ff1C>O*CT'a*C*C*OS0

0̂*>O*C
'tT'O

^O
*'0^0^0*0^

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O
O

O

>
^cn

sfr^f^o
o

o
m

m
in

so
^o

o
co

co
^<

^«
cM

4
*

^co
cM

in
in

m
o

^o
»

o
»

0
4

-st-4
-

uj
i^>

H
>

-'rH
i-))-4p*<

<
-icM

rM
rsirnriccirnrnm

<
fsi-sM

n
m

m
^

so
«

o
sa*

o



RCD
NO

TSURF
OEG C

0
KW/M**2

HEXPS

********** STEADY STATE TEST W **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP UHEXP HOB
KW/M**2 C

LEVEL G

1 ] .17 648.0 387.3 1.21 0.071 1.39 0.10 2.09
14 L.17 604.9 381.0 1.38 0.083 1.61 0.13 2.09

16 1 .17 644.9 379.4 1.20 0.070 1.37 0.10 2.09
16 1L.17 654.9 379.4 1.16 0.068 1.33 0.10 2.09

18 1L.17 623.6 385.2 1.30 0.076 1.51 0.11 2.09
18 1 .17 613.5 385.2 1.35 0.079 1.57 0.12 2.09
18 1 .17 619.2 385.2 1.32 0.077 1.54 0.12 2.09

20 .17 5 70.4 384.6 1.59 0.093 1.91 0.16 2.09

20 .17 613.7 384.6 1.35 0.080 1.57 0.12 2.09

20 .17 617.8 3 84.6 1.33 0.077 1.54 0.12 2.09
21 .17 602.9 370.9 1.35 0.078 1.58 0.12 2.09
32 .17 663.4 399.0 1.19 0.069 1.35 0.10 2.09
34 L.17 643.3 392.6 1.25 0.073 1.43 0.11 2.09

37 1 .17 614.9 385.5 1.35 0.078 1.57 0.12 2.09
38 .17 619.7 384.8 1.32 Q.077 1.53 0.12 2.09

42 L.17 640.7 386.5 1.24 0.079 1.42 0.11 2.09

42 .17 643.7 386.5 1.23 0.071 1.41 0.10 2.09

45 1L.17 622.7 392.5 1.33 0.079 1.55 0.12 2.09
45 1 .17 619.6 392.5 1.35 0.080 1.56 0.12 2.09
45 1 .17 620.9 392.5 1.34 0.079 1.56 0.12 2.09
47 L.17 620.7 386.5 1.32 0.078 1.53 0.12 2.09
50 1 .17 634.8 381.3 1.24 0.072 1.43 0.11 2.09

58 1 .17 642.4 387.9 1.24 0.072 1.42 0.11 2.09
60 1 .17 644.2 384.5 1.22 0.072 1.40 0.10 2.09
64 .17 672.0 384.3 1.12 0.065 1.27 0.09 2.09

64 1 .17 6 74.3 384.3 1.11 0.064 1.26 0.09 2.09

HCB
KW/M**2 C

QGO
KW/M**2

1.14 318. 8
1.18 271.9
1.14 315.3
1.13 3 26.3
1.16 292.1
1.17 281.0
1.16 287.4
1.23 234. 7
1.17 281.2
1.16 285.8
1.18 269.6
1.12 335.7
1.14 313.5
1.17 282.6
1.16 288.0
1.14 310.5
1.14 314.0
1.16 291.3
1.16 287.8
1. 16 289.3
1.16 2 89.0
1. 15 304.5
1.14 312. 5
1.14 314.5
1.12 345.2
1.12 347.6 00



******* STEADY SI'ATE TEST w **********

INTERMEDIATE LEVELS

PCD
NO

X TSURF
OEG C

Q
KW/M**2

HEXP UHEXP HDR
KW/M**2

UHDR HDRPW HG57 UHG57 HG59
KW/M**2 C

UHG59 HC8 OGD
KW/M**2

LEVEL E6

60

LEVEL

0.87

E7

571.9 383.6 1.575 0.093 2.988 0.065 2.180 1.419 0.018 1.103 0.018 1.168 217. 7

1

LEVEL

0.89

E8

615.5 387.0 1.348 0.079 3.040 0.065 2.197 1.388 0.017 1.079 0.017 1.114 264. 3

1
34

LEVEL

0.92
0.92

Fl

625.9
561.8

387.3
392.6

1.302
1.682

0.076
0.101

3.108
3.108

0.066
0.066

2.242
2.272

1.390
1.450

0.019
0.021

1.0 80
1.129

0.020
0.021

1.109
1.196

286.0
226. 8

17
21
34
37
50

0.9 8
0.98
0.98
0.98
0.98

593.9
559.6
593.2
580.9
577.5

383.6
385.2
392.6
385.5
381.3

1.445
1.666
1.483
1.527
1.531

0.084
0.098
0.088
0.089
0.089

3.241
3.241
3.241
3.241
3.241

0.073
0.073
0.073
0.073
0.0 73

2.351
2.370
2.351
2.357
2.359

1.413
1.450
1.414
1.426
1.429

0.053
0.053
0.052
0.053
0.053

1.095
1. 125
1.095
1.105
1.108

0.064
0.068
0.065
0.0 66
0.066

1.157
1.212
1.158
1.175
1.181

280. t
247. 1
279.9
267. 9
264. 7



RCD
NO

TSURF
DEG C KW/M**2

HEXPS

********** STEADY STATE TEST W **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP
KW/M**2 C

UHEXP HDB

LEVEL F2

1
14
17
34
38
50

1.01
1.01
1.01
1.01
1.01
I.01

652.6
560.7
604.3
607.1
597.0
590.6

387.3
381.0
383.6
392.6
384.8
381.3

1.19
1.64
1.39
1.41
1.43
1.45

0.069
0.100
0.080
0.083
0.083
0.085

1.20
1.65
1.40
1.42
1.44
1.46

0.07
0.11
0.09
0.09
0.09
0.10

3.29
3.29
3.29
3.29
3.29
3.29

LEVEL F3

14
17
21
34
60

1.04
1.04
1.04
1.04
1.04

576.2
606.7
584.9
623.2
632.1

381.0
383.6
385.2
392.6
384.5

1.54
1.38
1.50
1.33
1.27

0.091
0.080
0.087
0.078
0.075

1.58
1.41
1.54
1.36
1.30

0.11
0.09
0.10
0.09
0.09

2.91
2.91
2.91
2.91
2.91

LEVEL F4

60 1.06 565.9 384.5 1.62 0.096 1.71 0.13 2.67

LEVEL F5

60 1.08 589.0 384.5 1.48 0.086 1.58 0.12 2.53

LEVEL F6

1
17
37
38
50
60

1.10
1.10
1.10
1.10
1.10
1.10

630.9
601.2
585.2
584.6
595.2
616.4

387.3
383.6
385.5
384.8
381.3
384.5

1.28
1.41
1.50
1.50
1.43
1.33

0.076
0.082
0.088
0.088
0.084
0.078

1.39
1.54
1.65
1.65
1.56
1.45

0.10
0.11
0.12
0.12
0.12
0.10

2.39
2.39
2.39
2.39
2.39
2.39

LEVEL F7

14
17
21
37
38
50
60

1.12
1.12
1.12
1.12
1.12
1.12
1.12

588.0
611.7
585.3
598.4
599.8
607.8
629. 1

381.0
383.6
385.2
385.5
384.8
381.3
3 84.5

1.47
1.35
1.50
1.43
1.42
1.36
1.28

0. 087
0.078
0.087
0.083
0.082
0.080
0.074

1.65
1 .50
1.69
1.59
1.58
1.52
1.41

0.13
0.11
0.13
0.12
0.12
0.11
0.10

2.27
2.27
2.27
2.27
2.27
2.27
2.27

LEVEL F8

1
17
21
34
37
50
60

1.15
1.15
1.15
1.15
1.15
1.15
1.15

655.2
618.2
594.9
636.2
610.8
623.6
643.3

387.3
383.6
385.2
392.6
385.5
381.3
384.5

1.19
1.32
1.45
1.28
1.36
1.29
1.22

0. 069
0.076
0.084
0.075
0. 079
0.075
0.071

1.33
1.51
1.66
1.44
1.56
1.47
1.37

0.09
0.11
0.13
0.11
0.12
0.11
0.10

2.15
2.15
2.15
2.15
2.15
2.15
2.15

HCB
KW/M**2 C

QGD
KW/M**2

1.10 354.3
1.22 261.0
1.15 304.7
1.15 307. 6
1.16 297. 7
1.17 291. 1

1.19 268.2
1.15 299.4
1.18 277.2
1.13 316.1
1.13 325.4

1.22 25?. 2

1.1£ 271. 1

1.14 310.7
1.17 279.6
1.19 263.0
1.20 262. 5
1.18 273.4
1.15 295.6

1.19 262. 2
1.16 286.7
1.20 259.3
1.18 272.9
1.18 274.3
1.17 282.5
1.14 304.9

1.13 329.0
1.16 288.7
1.19 263.8
1.14 308.2
1.17 281.0
1.16 294. 7
1.14 315.9
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********** STEADY STATE TEST **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

PASS FLUX 2.537E+05 LBM/SQFT H UNC. MASS FLUX 5.683E*03 LBM/SOFT H PRESSURE

344.32 KG/SQM S 7.7115 KG/SQM S

871.5 PSI UNC. PRESSURE 6.00 PSI

6.01 MPA 0.041 MPA

IEVEL

F

G

E3

E<

E?

E6

Fl

F2

F3

F4

F5

F6

F7

FE

ENG

1.906

1.868

1.903

1.817

1.897

1.889

1.876

1.894

1.875

1.817

1.843

1.875

1.87C

1. 889

NOMENCLATURE

ENG

SI

600.4

588.5

599.5

572.3

597.4

595.0

591.0

596.7

590.6

572.3

580.5

590.7

588.9

595.0

SDO

ENG

0.037

0.046

0.038

0.071

0.037

0.033

0.054

0.0 24

0.059

0.071

0.068

0.054

0.043

0.055

SI

11.67

14.36

11.84

22.33

11.74

10.44

16.92

7.55

18.49

22.33

21.28

17.06

13.62

17.27

C
SCO
TSRF

BTU/H FT**2
BTU/H FT**2
DEG F

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

SCTSRF OEG F
TF
UTF

DEG F
DEG F

ENG

1272.

1371.

1076.

1183.

1199.

1220.

12 84.

1299.

1333.

1180.

1244.

1309.

1333.

1377.

TSRF

SI

689.7

744.3

580.6

640.1

648.9

660.8

695.9

704.6

723.5

638.5

674.0

710.0

723.1

748.0

SDTSRF

ENG

63.76

35.16

37.05

61.31

35.40

29.00

26.82

45.11

49.64

50.84

48.51

40.76

43.63

52.56

TF UTF

SI

421

534

,585

059

668

,110

900

063

.578

245

,952

,642

,241

,197

ENG

528.0

640.1

528.0

528.0

52 8.0

528.0

528.0

52 8.0

536.4

556.2

572.0

587.4

602.7

624.4

SI

275.9

338.2

275.9

275.9

275.9

275.9

275.9

275.9

280.6

291.5

300.3

308.9

317.4

329.4

ENG

0.824

35.295

0.824

0.8 24

0.824

0.824

0.824

0.824

27.746

30.288

32.139

32.903

33.132

34.813

Test X

T/C Level (# wet T/C)/(Tot a # T/C)

E2 All wet

E3 4/7

E6 0/2

E7 1/4

E8 1/5
F All dry

SI

0.5 .9309

19.6 1.1255

0.5 .8147

0.5 .8706

0.5 .8894

0.5 .9141

0.5 .9626

0.5 .9873

15.4 1.0121

16.8 1.0347

17.9 1.0513

18.3 1.0689

18.4 1.0855

19.3 1.1089

UX

.0322

. 03 70

.0296

.0308

.0312

.0318

.0330

.0337

.0345

.0351

. 0354

.0357

.0361

.0366

o
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ROD X TSURF 0
NO DEG C KW/M**2

LEVEL. F

3 0.93 660.2 624.8
4 0.93 664.7 621.8
7 0.93 661.0 590.5
7 0.93 650.9 590.5

10 0.93 694.5 606.7
1C 0.93 690.8 606.7
10 0.93 688.9 606.7
13 0.93 686.7 606.7
13 0.93 684. 8 606.7
15 0.93 682.3 590.5
16 0.93 707.9 592.8
17 0.93 638.7 601.2
18 0.93 662.2 600.6
18 0.93 643.8 600.6
20 0.93 598.1 606.8
20 0.93 662.6 606.8
21 0.93 661.3 597.0
28 0.93 699.8 596.5
28 0.93 687.2 596.5
28 0.93 691.2 596.5
31 0.93 694.7 600.7
31 0.93 696.7 600.7
32 0.93 676.3 606.2
34 0.93 692.6 611.7
37 0.93 663.2 589.5
38 0.93 678.2 590.6
42 0.93 709.4 601.9
45 0.93 678.7 598.7
45 0.93 685.6 598.7
53 0.93 726.4 624.9
59 0.93 729.9 606.4
59 0.93 725.7 606.4
59 0.93 735.7 606.4
60 0.93 724.0 588.6
64 0.93 754.1 592.7
64 0.93 775.3 592.7
64 0.93 766.4 592.7

HEXP

1.626
1.599
1.533
1.575
1.449
1.462
1.469
1.477
1.484
1.453
1.372
1.657
1.555
1.633
1.883
1.569
1.549
1.407
1.450
1.436
1.434
1.427
1.514
1.468
1.522
1.468
1.389
1.486
1.461
1.387
1.336
1.348
1.319
1.314
1.240
1.187
1.208

********** STEADY STATE TEST X

PRIMARY LEVELS

**********

UHEXP

0.095
0.093
0.091
0.093
0.086
0.087
0.087
0.086
0.089
0.084
0.080
0.096
0.092
0.096
0.110
0.091
0.096
0.081
0.084
0.083
0.084
0.083
0.088
0.086
0.096
0.086
0.082
0.086
0.085
0.081
0.077
0.078
0.078
0.077
0.071
0.068
0.069

HDR
KW/M**2 C

UHDR

2.405
2.405
2.405
2.405
2.405
2.405
2.405

.405

.405

.405

.405

.405

.405

.40 5

.405
— 40 5
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.405
2.40 5
2.405
2.405
2.40 5
2.405
2.405
2.405

0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046
0.046

HDRPW

1.973
1.972
1.973
1.974
1.968
1.969
1.969
1.969
1.970
1.970
1.967
1.976
1.972
1.975
1.983
1.972
1.973
1.968
1.969
1.969
1.968
1.968
1.971
1.969
1.972
1.970
1.967
1.970
1.969
1.965
1.965
1.965
1.964
1.965
1.963
1.961
1.962

HG57 UHG57 HG59
KW/M**2 C

UHG59

1.193 0.025 1.042 0.030
1.192 0.025 1.041 0.030
1.193 0.025 1.042 0.030
1.195 0.025 1.044 0.030
1.185 0.024 1.035 0.030
1.185 0.024 1.035 0.030
1.186 0. 025 1.036 0.0 30
1.186 0.024 1.036 0.030
1.187 0.025 1.03 7 0.030
1.187 0.025 1.037 0.030
1.182 0.024 1.032 0.030
1.199 0.025 1.048 0.0 30
1.192 0.025 1.042 0.030
1.197 0.025 1.046 0.030
1.213 0.025 1.060 0.031
1.192 0.025 1.042 0. 030
1.192 0. 025 1.042 0.030
1.184 0.024 1.034 0.030
1.186 0.024 1.036 0.030
1.185 0.024 1.035 0.030
1.185 0.024 1.035 0.030
1.184 0.024 1.034 0.030
1.189 0.025 1.038 0.030
1.185 0.024 1.035 0.030
1.192 0.025 1.041 0.030
1.188 0.025 1.038 0.030
1.182 0.024 1.032 0.030
1.188 0.025 1.038 0.0 30
1.187 0.024 1.03 6 0.030
1.178 0.024 1.029 0.030
1.178 0.024 1.028 0.030
1.179 0.024 1.029 0.030
1.177 0.024 1.028 0.030
1.179 0. 024 1.029 0.030
1.174 0.024 1.025 0.030
1.171 0.024 1.022 0. 030
1.172 0.024 1.023 0.030

HCB QGD
KW/M**?

1.198 405. 3
1.195 410. 8
1.197 406. 3
1.202 394. 5
1.183 446.4
1.184 441. 8
1.185 439.6
1.186 437. 2
1.187 434. 8
1.188 431.8
1.178 462. 9
1.208 380. 2
1.197 ^•07. 7
1.206 386.3
1.234 332.9
1.196 408. 2
1.197 406.7
1.181 453. 0
1.186 437. 8
1.184 442. 3
1.183 446.6
1. 182 449. 1
1.190 424. 8
1.184 444. 0
1.196 409. 0
1.189 427. 1
1.177 464. 8
1.139 427. 8
1.186 435. 9
1.172 485. 5
1.171 489. 5
1.172 4 84. 7
1.169 496. 8
1.173 482.6
1.164 520. C
1.159 546. 6
1.161 535.7
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ROD
NO

TSURF
DEG C KW/M**2

HEXPS

********** STEADY STATE TEST X **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

UHEXPS HEXP UHEXP HDB
KW/M**2 C

LEVEL G

1 1L. 13 734.4 602.9 1.32 0.077 1.52 0.12 1.96

3 ] . 13 756.3 616.3 1.28 0.074 1.47 0.11 1.96

14 .13 711.6 583.7 1.34 0.081 1.56 0.13 1.96

16 . 13 770.5 584.8 1.18 0.069 1.35 0.10 1.96

16 .13 777.9 584.8 1.16 0.068 1.33 0.10 1.96

18 L. 13 749.5 592.0 1.25 0.072 1.44 0.11 1.96

18 1L.13 732.7 592.0 1.30 0.075 1.50 0.12 1. 96

18 1 .13 751.6 592.0 1.24 0.072 1.43 0.11 1.96

20 . 13 692.1 598.6 1.44 0.083 1.69 0.14 1.96

20 .13 739.6 598.6 1.29 0.076 1.49 0.12 1.96

20 .. 13 751.1 598.6 1.26 0.073 1.45 0.11 1.96

21 .13 727.8 577.4 1.28 0.073 1.48 0.11 1.96

32 .13 757.4 598.0 1.24 0.072 1.43 0.11 1.96

37 . 13 731.0 580.6 1.28 0.074 1.48 0.11 1.96

38 .. 13 745. 5 583.0 1.24 0.072 1.43 0.11 1.96

45 .13 750. 1 590.6 1.25 0.073 1.43 0.11 1.96

45 ..13 749.7 590.6 1.25 0.073 1.44 0.11 1.96

45 . 13 750.9 590.6 1.24 0.072 1.43 0.11 1.96

47 . 13 742.1 583.3 1.25 0. 073 1.44 0.11 1.96

60 1.13 770.8 580.7 1.17 0.069 1.34 0.10 1.96

KW/M**2 C
QGD

KW/M**2

1.22 511.4
1.21 541.8
1.23 479.9

1.21 562.2
1.21 572.5
1.22 532.5
1.22 508.9
1.21 535. 5
1.23 453.5
1.22 518.7
1.21 534.7
1.22 502.5
1.21 543.4
1.22 506.5
1.22 527.2
1.21 533.3
1.21 532.8
1.21 534.4

1.22 522.4
1.21 562.6
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********** STEADY STATE TEST X **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

RCD
NO

X TSURF
DEG C

Q
KW/M**2

HEXPS UHEXPS HEXP
KW/M**2 C

UHEXP HDB

LEVEL F3

14
17
21
34
60

1.01
1.01
1.01
1.01
1.01

694.4
706.8
699.4
761.8
747.3

591.2
600.6
597.0
610.6
588.1

1.41
1.39
1.41
1.26
1.25

0.083
0.080
0.081
0.073
0.074

1.43
1.41
1.43
1.27
1.26

0.10
0.10
0.10
0.08
0.09

2.49
2.49
2.49
2.49
2.49

LEVEL F4

60 1.03 658.4 588.1 1.54 0.090 1.60 0.12 2.32

LEVEL F5

21
60

1.05
1.05

644.8
698.0

597.0
588.1

1.62
1.39

0.093
0.081

1.73
1.48

0.14
0.11

2.22
2.22

LEVEL F6

1
17
37
38
50
60

1.07
1.07
1.07
1.07
1.07
1.07

689.0
697.5
696.7
693.7
745.8
737.4

611.6
602.3
589.0
591.4
594.7
589.0

1.48
1.43
1.40
1.42
1.27
1.28

0.090
0.083
0.081
0.082
0.073
0.074

1.61
1.55
1.52
1.54
1.36
1.37

0.13
0.12
0.11
0.12
0.10
0.10

2.14
2.14
2.14
2.14
2.14
2.14

LEVEL F7

14
17
21
37
38
50
60

1.09
1.09
1.09
1.09
1.09
1.09
1.09

696.6
718.3
702.0
712.3
713.4
765.5
753.6

591.9
601.9
597.7
588.2
591.1
594.5
588.8

1.41
1.36
1.40
1.35
1.35
1.21
1.23

0.083
0.078
0.081
0.078
0.078
0.070
0.071

1.56
1.50
1.55
1.49
1.49
1.33
1.35

0.12
0.11
0.12
0.11
0.11
0.09
0.10

2.07
2.07
2.07
2.07
2.07
2.07
2.07

LEVEL F8

1
17
21
34
37
50
60

1.11
1.11
1.11
1.11
1.11
1.11
1.11

737.9
723.9
718.1
786.8
727.4
789. 1
769.8

612.5
602.5
598.9
612.5
589.8
595.6
589.9

1.33
1.34
1.35
1.20
1.31
1.16
1.19

0.077
0.077
0.078
0.070
0.075
0.067
0.069

1.50
1.53
1.54
1.34
1.48
1.30
1.34

0.11
0.12
0.12
0.10
0.11
0.09
0.10

2.00
2.00
2.00
2.00
2.00
2.00
2.00

HCB
KW/M**2 C

OGD
KW/M**2

1.20 506.7
1.20 522.6
1.20 513.1
1.18 597.6
1.19 577.9

1.23 443.5

1.24 422.8
1.21 493.0

1.22 472. 5
1.22 483.6

1.22 482.5
1.22 478.8
1.20 549.2
1.20 537.3

1.22 475.2
1.21 504.6
1.22 482.8
1.22 496.2
1.22 497.8
1.20 570.4
1.20 553.5

1.21 522.6
1.22 503.3
1.22 495.5
1.20 591.3
1.22 508. 1
1.20 594.1
1.21 567.2
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********** STEADY STATE TEST B **********

INTERMEDIATE LEVELS

ROD
NO

X TSURF
OEG F

Q X 1E-5
BTU/H SQFT

HEXP UHEXP HDR
TU/H SOFT

UHDR HDRPW HG57 UHG57 HG59
J/H SQFT F

UHG59 HCB CGD X 1E-5
BTU/H SOFT

LEVEL F4

60

LEVEL

0.95

F5

1036.2 2.87 698.1 47.42 1293.8 25.18 942.8 527.3 11.04 509.9 13.58 467.8 2.182

21
60

LEVEL

0.97
0.97

F6

1060.7
1125.2

2.88
2.87

659.6
573.9

41.51
37.02

1309.5
1309.5

25.74
2 5.74

951.1
943.7

520. 8
508.2

17.52
17.28

502.6
489.9

20.05
19.51

460.3
440.5

2.351
2.635

1
17
37
38
5C
60

LEVEL

0.98
0.9 8
0.98
0.98
0.98
0.98

F7

1166.4
1160.1
1125.7
1125.5
1171.3
1172.3

2.90
2.86
2.88
2.88
2.85
2.87

535.0
534.0
574.9
575.9
520.6
524.6

38.75
34.08
37.25
36.35
33.49
33.35

1326.1
1326.1
1326.1
1326.1
1326.1
1326.1

29.78
29.78
29.78
29.78
29.78
29.78

951. 7
952.3
955.3
955.4
951.3
951.3

499.6
500.5
505.6
505.6
499.0
498.8

17.28
18.34
18.17
18.45
18.28
18.38

479.8
480.7
485.8
485.9
479.2
479.0

30.70
29.72
30.43
30.16
29.63
29.51

433.1
434.4
442.5
442.5
432.1
431.9

2.889
2.861
2.705
2.704
2.912
2.916

14
17
21
37
38
50
60

1.00
1.00
1.00
1.00
1.00
1.00
1.00

1138.0
1174.1
1126.3
1142.8
1159.1
1190.2
1189.2

2.85
2.86
2.88
2.89
2.89
2. 85
2.87

554.9
520.3
573.8
557.2
540.1
503.4
509.3

37.67
32.23
35.58
35.90
33.72
32.29
32.42

1341.7
1341.7
1341.7
1341.7
1341.7
1341.7
1341.7

48.30
48.30
48.30
48.30
48.30
48.30
48.30

965.1
962.0
966.2
964.7
963.3
960.8
960.9

492.4
487.4
494.2
491.7
489.4
485.5
485.6

15.84
16.78
16.72
16.35
16.68
16.47
16.54

468.1
463.2
469.9
467.4
465.2
461.3
461.4

29.07
27.69
28.34
28.50
27.96
27.83
27.77

441.4
433.5
444.3
440.2
436.6
430.4
430.5

2.830
2.996
2.776
2.852
2.927
3.071
3.066
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********** STEADY STATE TEST B **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

"88 X dUTf bt8/8 F-TE*-*52 -H^!L._._U^PbStu/hHETX?*2 F^ ^ BTU/TfT^ F BtWf t!*|

LEVEL F8

1 1.02 1224.7
17 1.02 1179.8
21 1.02 1134.9
34 1.02 1215.6
37 1.02 1169.3
50 1.02 1215.4
60 1.02 1222.4

2.90 484.0 31.13 490.4 33.2 1227.7

2.86 515.6 31.59 523.0 34.2 1227. 7

2.88 564.3 34.74 5 73.1 38.0 1227.7

2.92 494.8 32.52 501.4 34.7 1227.7

2. 88 529.5 33.29 537.2 36.0 1227.7

2.85 482.1 30.45 488.6 32.6 1227.7

2.88 481.2 30.05 487.6 32.2 1227. 7

427.2 3'gp9
435.2 3-°,°°
445.1 2.791
428.7 3-1&?
437.3 2.951
428.8 3.168
427.6 3.198

I—•
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********** STEADY STATE TEST C **********

LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

MASS FLUX 2 • 46 3E+0 5 LBM/SOFT H UNC. MASS FLUX 5.561E*03 LBM/SOFT H PRESSURE 1805. 3 PS I UNC. PRESSURE 6.00 PSI

334.24 KG/SQM S 7. 5465 KG/SQM S 12.46 MPA 0.041 MPA

LEVEL P SCO TSRF SOTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

E 1.817 572.2 0.029 9.05 1240.5 671.7 58.07 32.259 621.4 327.8 0.445 0.2 .8116 . 0361

F 1.812 570.9 0.032 10.24 1303.3 706.6 44.15 24. 530 646.8 341.9 18.810 10.5 1.066 8 .0426

G 1.805 568.5 0.037 11.80 1350.5 732.8 53.99 29.995 777.7 414.6 28.859 16.0 1.3196 .0486

El 1.804 568.4 0.018 5.53 1271.5 689.0 86.47 48.036 621.4 327.8 0.445 0.2 .8523 . C372

E2 1.776 559.5 0.055 17.34 1270.7 688.5 47.08 26.154 621.4 327. 8 0.445 0.2 .8816 .0381

E3 1.807 569.2 0.018 5.57 1281.8 694.6 44.50 24.724 621.4 327.8 0.445 0.2 .9160 . 0392

E6 1.762 555.0 0.068 21.54 1245.0 674.2 57.63 32.016 621.4 327.8 0.445 0.2 .9888 . 0408

E7 1.814 571.4 0.021 6.50 1256.8 680.8 38.66 21.478 625.9 330.3 13.994 7.8 1.0131 .0413

EE 1.817 572.3 0.016 5.11 1283.1 695.4 25.64 14.245 637.7 336.9 16.990 9.4 1.0450 . 0420

Fl 1.794 565.3 0.043 13.41 1305.3 707.7 18.30 10.168 666.2 352.6 20.130 11.2 1.1077 . 0436

F2 1.809 570.0 0.019 5.96 1330.4 721.7 25.10 13.946 680.4 360.5 21.257 11.8 1.1396 . 0446

F3 1.792 564.6 0.042 13.08 1329.3 721.1 37.67 20.926 695.8 369. 1 23.197 12.9 1.1716 . 0455
SJ

F4 1.761 554.8 0.068 21.53 1178.3 637.2 4.95 2.750 711.3 377.7 25.437 14.1 1.2010 . 0464 1—•

00

FS 1.776 559.5 0.055 17.35 1231.3 666.6 49.58 27.547 723.5 384.5 25.768 14.3 1.2226 .0467

Ft 1.795 565.5 0.038 11.89 1289.2 698.8 31.45 17.470 737.2 392.1 26.276 14.6 1.2456 .0472

F7 1.794 565.0 0.034 10.81 1302.7 706.3 40.85 22.696 748.4 398.3 26.586 14.8 1.2673 . 0476

F8 1.802 567.5 0.037 11.68 1346.1 730.4 49.64 27.580 765.2 40 7.7 27.385 15.2 1.2979 .0483

NCMENCLATURE

ENG SI

c BTU/H FT**2 X 1E5 KW/M**2
soc BTU/H FT**2 X 1E5 KW/M**2
TSRF OEG F DEG C
SCTSRF DEG F DEG C
TF OEG F DEG C
UTF DEG F OEG C

Test C

T/C Level (# wet T/C)/(Total # T/C)

D All wet

All dry
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ROO
NO

LEVEL El

I
38
50

0.85
0.85
0.85

LEVEL E2

21
60

0.88
0.88

LEVEL E3

14
17
34
37
38
5C
60

0.92
0.92
0.92
0.92
0.92
0.92
0.92

LEVEL E6

60 0.99

TSURF Q X 1E-5
DEG F BTU/H SOFT

HEXP

1370.0
1236.6
1208.0

1238.5
1324.7

1207.5
1270.0
1301.6
1287.3
1285.0
1264.9
1356.0

1285.8

1.81
1.82
1.78

1.81
1.81

1.79
1.80
1.83
1.82
1.82
1.78
1.81

1.81

242.0
295.4
304.2

292.8
257.2

305.3
277.1
269.6
273.0
273.8
277.3
246.3

272.5

********** STEADY STATE TEST C

INTERMEDIATE LEVELS

**********

UHEXP HDR
BTU/H SOFT F -^ ™?_P-. »P.l ^". HG59

BTU/H SOFT F

14.32
17.28
18.29

16.98
15.20

18.91
16.69
16.35
15.93
15.92
16.86
14.46

15.97

636.6
636.6
636.6

14.54
14.54
14.54

455.5
458.5
459.4

276.3
282.2
283.8

651.8
651.8

14.76
14.76

469.4
467.2

284.8
280.7

669.5
669. 5
669. 5
669. 5
669.5
669.5
669.5

15.07
15.07
15.07
15.07
15.07
15.07
15.07

483.0
481.1
480.3
480.7
480. 8
481.3
479.2

289.1
285.6
284.1
284.8
284.9
285.8
281.9

706.5 19.60 507.6 283.0

3.42
3.51
3.57

226.4
231.5
232.9

3.48
3.43

234.1
230.5

3.95
3.84
3.82
3.80
3.80
3.86
3.76

237.9
234.9
233.6
234.2
234.3
235.1
231.7

11.13 231.0

UHG59 HCB OGD X 1E-5
BTU/H SOFT

3.60
3.69
3.74

219.7
228.1
230.5

1.499
1.228
1.172

3.73
3.67

229.3
223.5

1.286
1 .465

4.31
4.22
4.19
4.18
4.18
4.23
4.14

233. 7
228.6
226.5
227.4
227.6
229.0
2 23.4

1 .286
1.419
1.488
1.457
1.452
1.408
1.606

12.72 231.0 1.618

Isj



ROD
NO

X TSURF
DEG F

LEVEL E7

1
34
37
50

1.01
1.01
1.01
1.01

1313.6
1244.9
1241. 7
1227.0

LEVEL E8

1
14
34
37
38

1.05
1.05
1.05
1.05
1.05

1325.1
12 76.7
1278.5
1254.9
1280.2

LEVEL Fl

17
21
34
37
50

1.11
1.11
1.11
1.11
1.11

1316.3
1275.3
1330.3
1301.4
1306.7

LEVEL F2

1
14
17
34
38
50

1.14
1.14
1.14
1.14
1.14
1.14

1340.8
1286.3
1321.6
1358.7
1345.2
1329.9

LEVEL F3

14
17
21
34
60

1.17
1.17
1.17
1.17
1.17

1296.4
1313.0
1290.1
1389.3
1333.6

LEVEL F4

60 1.20 1174.8

LEVEL F5

21
60

1.22
1.22

1174.1
1262.6

LEVEL F6

1
17
37
38
50
60

1.25
1.25
1.25
1.25
1.25
1.25

1266.9
1285.5
1258.1
1256.8
1339.4
1316.1

LEVEL F7

14
17
21
37
38
50
60

1.27
1.27
1.27
1.27
1.27
1.27
1.27

1258.2
1315.0
1252.4
1284.2
1286.6
1371.3
1343.3

0 X 1E-5
BTU/H FT**2

1.81
1.84
1.82
1.79

1.81
1.79
1.84
1.82
1.82

1.80
1.81
1.84
1.82
1.79

1.82
1.79
1.80
1.84
1.82
1.79

1.79
1.80
1.81
1.83
1.81

1.81

1. 81
1. 81

1. 81
1. HO
1..82
1..82
1., 19
1..81

1..79
1..80
1.• HI
1.82
1.82
1../9
1,.81

********** STEADY STATE TEST C **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP HDB
BTU/H FT**2 F

262.0
294.4
293.4
295.0

15.60
17.71
17.20
17.48

263.7
296.6
295.5
297.2

16.6
19.1
18.6
18.9

689.9
689.9
689.9
689.9

257.9
273.4
279.5
287.4
276.3

15.32
16.26
16.68
16.82
16.07

264.0
2 80.4
286.6
295.0
283.3

17.0
18.3
18.8
19.1
18.1

612.6
612.6
612.6
612.6
612.6

259.0
276.7
259.1
267.7
260.7

14.92
16.18
15.36
15.60
15.13

276.8
297.0
276.5
286.5
2 79.0

18.2
20.1
18.5
19.1
18.5

510.7
510.7
510.7
510.7
510.7

2 52.5
269.6
257.2
249.3
251.6
252.4

14.74
16.47
14.80
14.71
14. 5o
14.67

275.0
295.8
280.9
270.9
273.9
275.3

18.5
21.1
18.8
18.3
18.2
18.5

475.6
475.6
475.6
475.6
475.6
475.6

265.2
260.1
270.3
239.0
254.2

15.80
14.99
15.60
14.07
15.34

298.0
291.4
304.2
264.6
2 83.8

21.5
20.2
21.4
18.1
20.3

450.2
450.2
450.2
450.2
450.2

327.0 19.41 390.4 32.2 430.2

326.9 19.07 401.0 33.3 418.7

282.2 16.55 335.6 25.8 418.7

281.0 17.35 342.4 28.0 407.0

271.0 15.88 328.2 25.3 407.0

2 85. 8 16.80 349.3 27.6 407. 0

2 86.3 16.70 350.1 27.5 407.0

249.2 14.57 297.1 22.0 407.0

260.7 15.23 312.9 23.5 407.0

281.3 16.87 351.3 28.7 399.0

259.4 15.03 317.6 24.0 399.0

286.6 16.62 358.9 28.6 399.0

274.6 16.12 339.7 26.6 399.0

273.5 15.91 338.0 26.2 399.0

238.2 13.91 286.8 21.1 399. 0

250.9 14.64 304.5 22.7 399.0

HCB
3TU/H FT**2 F

2 30.2
235.0
235.3
236.5

231.0
234.1
234.0
235.8
233.9

234.3
237.1
233.5
235.3
235.0

234.3
237.8
235.4
233.3
234.0
234.9

238.4
237.3
238.9
233.1
236.1

250.4

251.5
243.2

243.8
242.5
244.5
244.6
239.0
240.4

245.4
241.4
245.9
243.5
243.3
238.1
239.6

QGD X 1E-5
BTU/H FT**2

1.
1.
1.
1.

717
554
546
511

1.
1.
1.
1.
1.

718
601
605
549
609

1.
1.
1.
1.
1.

655
.554
689

.619
,632

1.
1.
1,
1.
1.
1.

,699
,561
,650
,745
,710
.671

1.
1,
1.
1,
1

. 571

.6 13

.554

.808

.665

1.249

1. ?34
1. 459

1. 457
1.,hl)h
1. 43b
1. 431
1.,646
1.,586

1..423
1.572
1,.40H
1..490
1.,49/
1..72?
1..646

N>
S3
SJ



********** STEADY STATE TEST C **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

"8 X _™L:i5l?12 _-!-"------P^U/H^£*2 F--f »B btuHCBftm2 f bQ0DhXf1|;3

wa m ill:! m m m m mi ^
ftffco7 l:fl !!8:* il:ig II?:! 18:1 !I3:I |^ :

LEVEL F8

1 1.30
17 1.30
21 1.30
34 1.30
37 1.30
50 1.30
60 1.30

K5
Ni
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NOMENCLATURE

HCB - CONDIE-BENGSTON HEAT TRANSFER COEFFIC IENT T^FI TSURF . - 15rF ACE 'tfMPERAT 5$™**HOB - DITTUS-BOELTER HEAT TRANSFER COEFFIC ENT TSRFlTSURFt _ SURFACE TbMPtKAiUKt

H^PW I 888gftt58K!fK88 &% TMfIS BIffI^HS. UHDR - JN^F?^^"0^™ "^HEXP - E^^MEnTal" H^TBETRRANSFER COEFFICIENT UHEXP - 5§|||f|]n?Y. EXPERIMENTAL HEAT TRANSFER
HEXPS - QEXPEafMENTBAULLHEAT TRANSFER COEFFICIENT UHEXPS - UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER
HG57 - G^ENe'veIo^It HEAT TRANSFER COEFFICIENT UHG57 - UNCERTAINTY. GROENEVELD 5.7 HEAT TRANSFER
HG59 - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT ^^^ _ {^CERTAINTY , GROENEVELD 5.9 HEAT TRANSFER

sfe-F : ii|l?l|^|A^ARD^VIATION OF THE UNC -U^^jg^ EQUILIBRIUM FLUID
SDO - C^SS^EC^ONA^s'tANDARD DEVIATION OF THE _ JEMPERATUR6 ^^^

Su" vkpOR TEMPERATURE * " 0U*LITY

to



********** STEADY STATE TEST **********

PASS FLUX 3.813E+05 LBM/SQFT H UNC.

517.47 KG/SQM S

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 8.660E*03 LBM/SOFT H PRESSURE

11.7514 KG/SQM S
1847.3 PSI UNC. PRESSURE 6.00 PSI

12.75 MPA 0.041 MP«

LEVEL 0 SDO TSRF SDTSRF TF
ENG SI ENG SI ENG SI ENG SI ENG SI ENG

E 2.225 700.9 0.030 9.58 1253.8 679.1 50.83 28.240 624.5 329.5 0.443
F 2.219 698.9 0.037 11.60 1255.2 679.9 40.65 22.583 624.5 329.5 0.443
G 2.212 696. 8 0.051 16.15 1205.5 652.3 33.96 18.864 642.9 339.7 15.689
El 2.209 695.8 0.026 8.28 1287.3 697.7 62.40 34.669 624.5 329.5 0.443
E2 2.175 685.1 0.065 20.58 1275.4 691.1 35.72 19.846 624.5 329.5 0.443
E3 2.215 697.7 0.022 7.08 1301.4 705.6 24.87 13.819 624.5 329.5 0.443
E« 2.159 680.1 0.082 25.89 1197.0 647.6 42.00 23.335 624.5 329.5 0.443
E7 2.218 698.5 0.026 8.11 1215.0 657.5 37.20 20.665 624.5 329.5 0.443
E8 2.225 700.9 0.015 4.65 1235.4 668.9 33.18 18.431 6 24.5 32 9.5 0.443
Fl 2.193 690.9 0.050 15.70 1246.3 674.9 14.18 7.876 624.5 329.5 0.443
F2 2.213 697.2 0.022 7.05 1269.1 687.6 26.83 14.906 624.5 329.5 0.443
F3 2.193 690.9 0.048 15.17 1259.1 682.1 21.43 11.908 624.5 329.5 0.443
F4 2.158 679.7 0.082 25.88 1057.9 570.2 4.88 2.711 624.5 329.5 0.443
FE 2.175 685.1 0.065 20.58 1109.5 598.9 25.04 13.910 624.5 329.5 0.443
F6 2. 195 691.4 0.046 14.40 1161.8 628.0 12.46 6.920 624.5 329.5 0.443
F7 2.195 691.4 0.042 13.25 1170.3 632.7 16.78 9.324 627.5 331.1 13.230
F8 2.199 692.7 0.044 13.79 1197.9 648.0 25.87 14.373 636.6 336.2 13.876

NOMENCLATURE

ENG

Q BTU/H FT**2 X 1E5
SCO BTU/H FT**2 X 1E5
TSRF DEG F
SCTSRF DEG F
TF DEG F
LTF DEG F

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

Test D

T/C Level (» wet T/C)/(Total # T/C)

D All wet
E All dry

UTF

SI

0.2 .643 6 .0301

0.2 .8486 . 0352

8.7 1.0516 .0402

0.2 .6764 . 0309

0.2 .6999 . 0316

0.2 .7275 .0325

0.2 .786 0 .0338

0.2 .805 5 .0342

0.2 .8312 .0348

0.2 .8814 . 0361

0.2 .9071 . 0368

0.2 .9328 .0376

0.2 .956 4 .0382

0.2 .973 8 . 0386

0.2 .9922 .0389

7.4 1.0096 . 0393

7.7 1.034 2 . 0398

S3
S3
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********** c;teady ST/IiTE TEST D **********

INTERMEDIATE LEVELS

POD
NO

X TSURF
DEG F

Q X 1E-5
BTU/H SOFT

HEXP UHEXP HDR
BTU/H SOFT

UHDR
F

hdrpw HG57 UHG5 7 HG59 UHG59 HCB CGD X 1E-5
BTU/H SOFT

LEVEL El

1
38
50

0.68
0.68
0.68

1358.5
1261.3
1242.1

2.22
2.23
2.18

302.2
350. 1
352.9

18.32
20.74
21.65

793.2
793.2
793.2

18.15
18.15
18.15

562.1
564. 8
565.4

347.5
352.8
354.0

5.17
5.25
5.32

304.8
309.7
310.9

5.83
5.92
5.98

2 92.7
300.7
302.7

1.8 17
1.5 73
1.526

LEVEL E2

21
60

0.70
0.70

1251.2
1316.4

2.21
2.22

352.6
320.3

20.65
19.37

811.6
811.6

18.41
18.41

578.5
576. 5

358.6
354.6

5.19
5.14

316.1
312.4

5. 87
5.81

3 03.8
297.9

1.599
1 .766

LEVEL E3

17
34
37
38
50
60

0.73
0.73
0.73
0.73
0.73
0.73

1272.4
1324.1
1290.4
1298.6
1285.0
1338.0

2.20
2.24
2.23
2.23
2.18
2.22

339.1
320.0
334.6
330.8
330.0
310.6

21.03
19.93
19.83
19.48
20.6 2
18.65

833.0
833.0
833.0
833.0
833.0
833.0

18.77
18.77
18.77
18.77
18.77
18.77

592. 8
591.2
592.2
592.0
592.4
590.9

363.0
360.0
361.9
361.4
362.2
359.2

5.16
5.10
5.08
5.07
5.15
5.05

321.2
318.5
320.2
319.8
320.5
317.8

5.83
5.76
5.77
5.75
5.82
5.72

304.1
299.6
302.4
301.7
302.9
298.5

1.714
1.851
1.761
1.782
1.747
1.888

LEVEL E6

60 0.79 1226.7 2.22 368.2 22.17 877.9 18.98 627.0 377.4 4.89 336.8 5.57 314.0 1.7 27

LEVEL E7

1
34
37
50

0.81
0.81
0.81
0.81

1262.1
1197.3
1224.5
1175.9

2.22
2.24
2.23
2.18

348.2
391.1
371.6
395.6

21.48
24.5 2
22.22
24.27

892.8
892.8
892.8
892.8

19.01
19.01
19.01
19.01

635.4
638.1
636.9
639.2

378.2
383.3
381.0
385.3

4.77
4.92
4.78
4.92

338.1
342.9
340.8
344.8

5.44
5.58
5.46
5.59

311.6
319.2
315.8
322.2

1 .873
1.689
1 .766
1.628

LEVEL E8

1
14
34
37
38

0.83
0.83
0.83
0.83
0.83

1276.1
1190.3
1217.2
1238.9
1254.6

2.22
2.20
2.24
2.23
2.23

340. 8
389.2
378.1
363.0
354. 2

20.94
24.15
23.45
21.66
20.98

912.2
912.2
912.2
912.2
912.2

19.10
19.10
19.10
19.10
19.10

649.0
652.6
651.3
650.4
649. 8

381.4
388.1
385.8
384.1
382.9

4.64
4.81
4.75
4.65
4.61

341.8
348.2
345.9
344.3
343.2

5.32
5.48
5.43
5.i4
5.31

312.4
322.4
318.9
316.3
314.6

1.984
1.732
1.809
1.873
1 .920

LEVEL Fl

17
21
34
37
50

0.88
0.88
0.88
0.88
0.88

1259.8
1229.9
1249.3
1265.0
1234.1

2.20
2.21
2.24
2.23
2.18

346.0
365.3
358.5
348.1
357.8

20.23
21.86
22.05
20.68
21.23

950.0
950.0
950.0
950.0
950.0

19.45
19.45
19.45
19.45
19.45

676.5
677.8
676.9
676.3
677.6

389.4
391.7
390.2
389.1
391.4

4.57
4.65
4.67
4.59
4.63

350.4
352.5
351.1
350.0
352.2

5.39
5.46
5.46
5.40
5.44

318.2
321.6
319.3
317. 7
321.1

2.075
1.983
2.043
2.091
1.997

LEVEL F2

1
14
17
34
38
50

0.91
0.91
0.91
0.91
0.91
0.91

1297.3
1233.6
1263.1
1271.7
1301.2
1247.4

2.22
2.20
2.20
2.24
2.23
2.18

330.3
361.6
344.5
346.3
329.9
350.4

19.69
23.17
20.11
21.17
19.43
20.87

969. 2
969.2
969.2
969.2
969.2
969.2

19.70
19.70
19.70
19.70
19.70
19.70

689.0
691.5
690.3
689.9
688.9
690.9

389.6
394.1
391.9
391.3
389.3
393.0

4.85
5.05
4.86
4.91
4.83
4.91

350.8
355.0
352.9
352.4
350.5
354.0

5. 82
6.00
5.84
5.87
5.80
5.88

316.7
323.3
320.0
319.1
316.3
321.7

2.275
2.070
2.165
2.192
2.288
2.114

LEVEL F3

14
17
21
34
60

0.93
0.93
0.93
0.93
0.93

1235.8
1254.6
1243.5
1295.4
1254.2

2.20
2.20
2.21
2.24
2.22

359.8
348.6
357.0
333.7
351.9

22.24
20.41
20.90
20.33
22.24

988. 2
988.2
988.2
988.2
988.2

20.01
20.01
20.01
20.01
20.01

704.7
703.9
704.4
702.3
703.9

395.8
394.3
395.2
391.5
394.3

5.99
5.89
5.90
5.88
5.98

356.6
355.2
356.0
352.6
355.2

7.26
7.17
7.19
7.14
7.24

325.1
323.0
324.2
318.9
323.0

2.154
2.214
2.179
2.349
2.213

LEVEL F4

60 0.96 1061.3 2.22 507.3 31.97 1005.7 20.22 729.5 417.6 11.05 376.8 11.79 359.2 1.660

LEVEL F5

21
60

0.97
0.97

1081.3
1129.2

2.21
2.22

483. 7
439.1

29.13
26.97

1018.5
1018.5

22.82
22.82

737.1
733.2

413.1
406.1

14.65
14.40

371.8
365.2

22.09
21.65

355.4
344.7

1 .775
1 .933

S3
S3
*o
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********** STEADY STATE TEST D **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

"SB X tm BtS/H* *ftf2 ^!L.._^X^tu/hHEXP#2 FUHEXP______HDB „T1Iffi*« c DflGD X1E-T
BTU/H FT**2 F BTU/H FT**2

LEVEL F7

17 }m%\ }}%l'l 1-20 417.6 26.45 419.9A, 1.01 1176.9 2.20 397.6 23 7<3 5oo t
21 1.01 1142.7 2*.fl 426*5 25 47 !?b*q

1 iii mi a ii m 11
LEVEL F8

if }:8! \llhi ttl ltt:\ ll-Xl im
21 1.03 1153.4 2.21 418.0 24*84 4?7 7
1? 1-81 Ifll-i I'll IM-° "-38 3lZ:?IS 1:81 \\%\:l 1:11 |?|:i y-« *of.9
60 1.03 1220.9 2.22 371*7 22*37 1t9*4

28.7 1021.1
25.8 1021.1
27.9 1021.1
27.3 1021.1
26.1 1021.1
25.7 1021.1
25.6 1021.1

24.6 911.6
26.1 911.6
28.0 911.6
25.7 911.6
26.5 911.6
25.0 911.6
24.6 911.6

343..6
339,.4
345,. 1
341,.?
339.0
33R., 1
33^,.0

334,,1
340.,6
14b..3
3 3b.,5
rw., r
3 36.,8
33b. 2

2.,097
•->, . 1 86
2.,068
/., 1 46
/>,. ! 93
2.,214
2.,240

2. 328
A 160
2. 0b9
2. 291
2. 182
2. 2b4
2. 298



************************************^^*********************************************************^
****************************************************************^
********************************************************************^
********************************************************************^
****n*;n*^*t**sr*^^^
*,r*;*;*^^r*,***^*s;s;**;^
;***r*»;*;*r***^**^**^*^^
::sss:s::ssk::ss:k»:s ** g*^
,*r*r**^*^;:;r**r**T*;r**s*^^

****

****

****

****

****

****

*#**

****

****
****

****

***#

****
****

****

****

**#*

****

****

****

****
****

****
****

****
****

****

****

****

****

****

****

****

****

****

****

****

****

****
****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****

****
****

****

****

****

****

****

*#**

****

****

****

****

****

****

****

****

****

****

****

****

****

fflffTfHTT»fWf^...T^.*...^TTTTTTTTTT-rTT-.

*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************

******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************
******************************************

STEADY STATE TEST_E

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS
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::ss:ss:::3::s:3:s:::s^^

HCB
HDB
HDR
HDRPW

HEXP

HG57
HG59
Q
OGD

NOMENCLATURE

- CONDIE-BENGSTON HEAT TRANSFER COEFFIC IENT
- DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
- DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT

DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,
WALL PRANDTL NUMBER

- EXPERIMENTAL HEAT TRANSFER COEFFICIENT

HEXPS - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

- GR0ENEVELDS5l7 HEAT TRANSFER COEFFICIENT
- GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT

uou - GROENEVELD-DELORME HEAT FLUX
SOTSRF - CROSS-SECTIONAL STANDARD DEVIATION OF THE

SDQ - CROSS-SECTIONALTSTANDARD DEVIATION OF THE
HEAT FLUX

TBULK - BULK VAPOR TEMPERATURE

TSAT
TSRF1TSURFI
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

- saturation temperature
- surface temperature
- equilibrium fluid temperature
- uncertainty, dougall-rohsenow heat

- u^taintyTexCp Omental heat transfer
- UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

- UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER

- UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT

- UNCERTAINTY , , ,,.„
- UNCERTAINTY, EQUILIBRIUM FLUID

TEMPERATURE
- UNCERTAINTY, QUALITY
- QUALITY
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Ĵ

U
»U

lt—
O

O
•£

00
W

O
ro

O
W

*-
U

JU
lU

ir
oC

**
O

4*
,,C

hO
'J

*)
C

04
>

U
>

H
O

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
i\

>
io

ro
ro

ro
ro

ro
ro

i\
jr

o
ro

ro
ro

ro
w

ro
fo

uj
U

ro
ro

ro
ro

ro
n

jr
o

u
iu

ju
ju

>
W

O
J^

ro
w

uj
u»

uj
ro

w
^^

ro
iO

^C
*0

>
'C

**
'C

00
00

0r
-t

i-
-u

lU
lO

O
-^

-^
H

*—
^*

*^
0\

0\
0\

O
C

D
&

f>
<>

<T
>0

>y
O

\0
*Q

O
'0

*Q
Q

-P
,*

**
t>

\G
Q

O
*-

*-
*t

\>
iW

i>
>-

t*
sQ

U
J

U
JL

U
U

JU
J

U
»I

jJ
U

tU
)

U
»U

JU
>

U
>U

JU
4>

4>
U

>
U

Ju
)

J>
J>

U
J

W
U

JU
J

W
ro

£
u

iU
lJ

>
U

J^
^

O
U

IU
l^

O
^

C
*

O
O

U
l^

U
lO

rO
v

0
v

0
C

0
O

ro
o

^
c
o

r-
c
o

o
^

o
o

c
o

i—
O

p
-n

-^
ro

t^
u

ic
o

^
c
^

ro
c
o

^
io

J
^

^

uJ
co

oc
M

—
•-

o
^

\O
U

)H
^

ro
u

iO
O

O
co

o
H

co
u

)C
o

o
o

»
o

o
u

io
u

i'
-J

u
ii

--
1

—
ui

ro
c^

ui
ro

ui
i—

ui
o>

ro
co

ro
e-

ro
vO

ui
J>

o*
i-

-u
io

o

i^
h

-r
o

ro
M

H
-r

^
N

ro
N

J
r\

jW
M

ro
N

J
to

ro
N

J
"
o

ro
N

ji
\)

ro
M

vo
00

•—
•-

-0
*0

00
*-

*
*-*

t—
ro

i-
'u

ir
ou

iu
ii—

o
»

-w
o*

j>
u

iU
JM

ro
o

4
N

"^
JU

Ju
iu

i>
w

u
'^

>
c^

U
JU

Jt
—

o
^u

iu
JU

Ju
tr

o
^^

u
ia

jr
o

or
or

oK
-O

vO
^-

co
--

JC
>

*r
oc

o-
j-

-*
u

i^
O

O
H

u
iu

ij
N

-j
u

J*
©

'-
-r

o
^

o
^

o
o

^
^

c
o

u
ir

o
ro

^
4

>
0

3
*

—
^

J>
i—

ro
c
o

c
o

^4
>

*
o

co
H

ro
^

^
C

^
O

v
O

u
JC

O
^

^
U

JM
U

lO
C

O
^

r-
U

Jr
O

v
O

r^
ro

U
J^

O
r-

^
C

D
W

0
3C
OC
OC
O
C
OC
OC
OC
O0
3C
OC
O
C
O0
3C
OC
OC
OC
OC
OC
O
C
O0
00
3C
O0
3C
OC
OO
)
C
O0
00
30
30
3C
OC
O0
3C
OC
DC
O0
30
30
3C
O0
30
00
3C
Oa

r>
jr

o
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
w

C
O0
0C
O
C
O0
0
C
OC
OC
O
C
OC
OC
O
C
O
C
OC
DC
OC
OC
O0
3C
O0
3C
O
C
OC
O
C
OC
O0
0C
OC
DC
O0
0
C
OC
OC
O0
0C
OQ
3
C
OC
OC
O0
30
0
C
Df

fl

*0
0*

00
<

0^
'J

3'
£*

jO
,J

jO
O

^O
^'

0*
O

vO
'J

3,
O

^O
vO

sD
-a"

)O
<4

j*
£>

»0
*0

»0
vO

vO
O

^O
^D

vO
vO

^^
O

^O
^O

kO
O

'O
'O

vO
iO

^^
vO

vO
O

^O
vO

0*
-O

*&
0*

O
D-

Cr
-C

*0
-O

O
-

O-
Cr

"O
r>

0
0

«
0s

&
<

>
0'

&
<

>
C

h<
>

0*
0*

0*
Q

*0
*<

>
a*

0*
fr

&
&

<
>

0*
0*

&
<

>
<

>
&

0*
&

&
<

>
<

>
&

<
>

&
o*

o*
fr

U
lU

lU
lU

lU
lU

lU
lU

lU
lU

lU
IU

IU
lU

lU
lU

lU
lU

IU
lU

lU
lU

lU
lU

lU
lU

lU
lU

lU
lU

lU
lU

IU
lU

lU
lU

lU
lU

lU
lU

IU
lU

lU
lU

lU
^

U
IU

IU
IU

IU
IU

IU
IU

IU
I^

U
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

IU
IU

^
C
O
C
O0
00
3C
OC
OC
O C
OC
O
C
O0
0C
OC
OC
OC
O0
0C
OC
OC
OC
OC
O
C
OC
OC
OC
O0
0C
O0
3C
OC
OC
OC
DC
OC
OC
OC
OC
O\
0C
OC
O0
3C
DC
OC
D0
00
00
00
3C
D0
0c
o
m

*
-H

*
U

>
U

J^
ro

ro
W

O
JW

W
4

>
W

W
O

JC
*

O
W

U
JW

^
H

U
1

0
x

O
^

^
O

M
4

>
*

^
^

*
U

lC
D

^
W

O
^

v
0

U
»

N
JI

S
jf

f-
fO

^
4

>
V

n
»

0
l^

i^

U
lU

JU
JU

>U
>

U
)U

lU
)U

JU
tU

JU
>U

JU
»U

)U
JU

JU
>

U
JU

»U
JU

»U
JU

JU
>U

JU
JU

>U
lU

iU
JU

'u
iU

iU
JU

'U
JU

JU
JU

JU
JU

JU
JU

JU
lU

lt-
'U

JU
'U

'U
JU

JU
IU

I

J>
U

»
^

0
3

-J
-J

^
0

3
v

D
^

C
O

^
C

O
^

C
0

4
>

^
0

3
C

D
^

J>
O

U
U

i^
^

O
O

^
W

ro
U

^
D

^
^

^
O

O
U

>
U

ir
o

^
rO

u
i^

U
IO

O
O

0
3

O
4

>
4

>
U

lU
J0

3
C

0
^

O
v

0
O

ro
rO

0
3

W

U
IU

IO
O

O
^

O
^

O
O

^
O

^
O

O
^

^
O

O
O

O
O

O
O

'O
^

O
^

O
O

O
O

O
O

^
O

O
^

O
t-

H
N

w
r-

O
O

N
W

W
W

N
^

H
O

N
'-

H
N

W
N

M
H

'N
iO

W
H

H
O

O
H

rs
J^

f-
v

O
O

O
U

iu
>

U
>

J^
H

O
*

JD
^

4
>

*
0

4
>

i-
'C

O
U

ia
O

*
O

C
o

ru
U

>
O

O
^

ro
O

O
^

U
JU

IW
U

JU
JU

JU
JU

IU
IU

IU
JU

JU
JU

JW
U

'U
JU

IU
IU

JU
JU

JU
IU

JU
JU

IU
JU

JU
IU

IU
W

W
ro

ro
ro

ro
M

*
o

ro
ro

ro
i\

)r
o

ro
ro

ro
*

o
u

JU
Jr

o
ro

ro
u

tU
JW

W
ro

rj
ro

ro
U

Jr
o

ro
w

M
-o

^
u

iu
J
U

J
4

>
u

iu
iu

iu
ic

^
u

io
u

io
o

u
i-

r>
^

o
ro

%
o

o
c
o

c
^

u
i4

^
o

c
o

v
o

r>
ju

^

vO
-^

-g
H

-^
o^

or
or

ov
O

co
O

ro
C

f
o

^
^

^
y

jy
w

o
^

^
^

^
^

^
^

^
^

^
o

^
^

^
o

^
o

o
^

o
i^

o
^

^
^

^
C

D
O

^
a

it
^

s
O

^
o

^
f^

ij
i^

u
ir

o
u

iu
io

o
^

^
-j

o
4

^
0

o
^

o
-J

u
ir

o
O

u
)^

4
^

^
o

u
i^

c
o

c
o

u
J
0

3
u

iu
iu

ir
o

W
U

>
U

JU
H

O
U

JU
)U

JU
JU

!U
JU

JU
JU

JU
JU

JU
JW

W
U

»
U

tW
U

^
1—̂

ro
ro

io
ro

ro
^

ro
h

J
^

ro
ix

jr
o

ro
u

J
U

J
iN

J
N

J
ro

u
J
U

J
u

J
U

J
ro

ro
ro

ro
w

^
u

n
ro

ui
o

o
^

w
4>

-4
*r

o
^

u
j

4>
u

J
ru

^
ui

ro
4>

ro
ui

o
r-

a
i

ui
4^

0
*

u
iU

lO
v

O
v

O
J>

i—
U

JO
^

^
C

D
U

i4
>

0
'0

0
J*

*
U

ia
'-

0
C

0
U

lJ
>

O
O

r0
C

0
O

U
i

^
co

l>
o

o
o

o
o

c*
r>

cr
«

o
o

0
0

4N
>

c*
^

U
i0

4
>

v
D

^
O

C
O

U
J^

H
-U

lO
ro

O
U

JU
lU

ir
o

>
J1

0
^

\O
^

O
ro

%
O

h
-O

O
h

-0
3

C
O

^
^

O
^

i—
r
o

^
^

^
^

o
^

o
^

iN
J
^

u
J
-
J
H

c
o

^
O

O
h

-
a
j^

U
J
^

o
s
r
o

o
r
o

r
o

O
u

iu
^

•7
C3

2
o

O
O

O
H

m
o

f
l

P
C 7

3
T

t-
n

C
O

H
O

c N
X

X I
X

I
m

I
X

1
-o

I I I I i
c

I
X

I
m

I
X

l
^

X
0

0

I
C

J
x

I
o

I I I 1
-o

I
£

I I I
X

1
a

I
U

l
1

-^
1

1 1 l 1 1 1
c

I
X

I
o

I
U

l
C

D
-J

©
U

l
T

I<
J-

)

I I
c

I
X

I
o

I
U

l
I

^

I
X

I
o

H
O

C
O

O
m

f
i

I



C
*

C
*

C
*

U
lU

l4
>

4
>

4
>

4
>

4
>

J>
U

JU
JU

Jr
o

ro
ro

ro
t—

•-
*

»
->

»
-•

»
—

h
-

4>
4

*
*

o
c
o

o
-4

U
iu

iu
ir

o
ro

c
o

^
h

o
o

o
c
d

co
co

o*
*o

j>
i—

o
o*

o
*

&
•u
i
u
i
u
i
u
i
x
-
j
>
4
>
u
i
u
i
u
J
u
j
u
j
r
o
r
o
r
o
r
o
r
o

J*
*4

>
4>

O
4)

43
vO

U
JU

lU
lr

o
C

O
-O

4>
r—

r
-

C
OC

O
C

Ot
->

O

p
p
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o
o

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

*
0
\
04
34
3\
04
3«
04
3«

43
\
0•
£\
D%
o
4
)O

4
3
\
0
4
3*
0*
0
>4
3v
O*

0
^
O-

JD
u

iu
iu

iu
fu

iu
iu

iu
iu

iu
iu

iu
iu

iu
iu

iu
iu

iu
iv

n
u

iu
iu

iu
iu

iu
i

M
*-

*
H

O
J>

U
IU

l4
>

C
>

'U
IU

I^
4>

^r
ou

lO
*,

f>
U

JU
>

J>
C

O
ui

4>
-»

4
4>

H
ro

4"
-*

43
r—

co
u

io
.0

M
O

4
3

U
tr

o
»

—
ro

o
xu

'-
JU

Jo
ro

*
-'

-j

U
J
O

^u
iw

o
o

^r
o

u
jr

o
4

>
c
o

c
^m

ij
c
o

o
o

*
>

-«
4

ro
u

iu
io

o
o

*
'

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro

ro
ro

ro
uJ

ro
ro

uj
o

ju
j

ro
ro

ro
ro

ro
*-

*to
ro

ro
ro

ro
ro

ro
ro

ro
ro

-d
H

0*
,O

U
JC

0t
--

p—
*-

r>
0*

—
4-

^4
3

0*
"O

43
43

^
^
C

r
-^

J
N

u
i-

4

U
JU

J4
**

4>
4>

4>
4>

4>
4"

*4
>

4>
4*

*
4>

4>
4>

4>
4>

U
l4

>
4»

4>
4>

Jf
J>

4>
O

D
O

S
I—

U
J|

\J
U

JU
J4

^W
^J

W
rO

U
'r

O
U

Ju
Ju

'r
o4

>
•4

^W
O

f0
4^

•—
^

U
lU

1
0

^
0

U
lU

lC
^

4
^

^
ro

C
^

U
l^

—
C

O
C

0
0

4
*

-^
4

^
0

(>
C

0
0

4
'*

ro
c*

•&
*•

*
u

iv
O

uj
«

*
jo

o
u

i-
j

oo
«-

*U
J*

o
ui

4>
c^

u
ir

o
f—

ro
ro

o
*

'

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

u>
ro

ro
ro

ro
ro

ro
u

j
ro

ro
ro

ro
ro

ro
ro

W
U

lC
N

^
C

>
'^

^
0

0
C

0
^

U
IC

^
O

»
^

^
^

^
W

^
^

0
x

U
I-

4
4

3
0

,>

i—
4N

vO
»—

U
>U

IU
lO

>O
H

U
IU

l\0
-^

l-
,r

oC
O

rO
J;

—
4C

04
>U

JO
>r

o
^

u
iu

iO
u

ic
o

H
C

o
o

c
o

u
iu

jr
-'

j>
ro

ro
-4

ro
ro

-4
ro

!>
u

J
O

,>
o

U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l
U
l

v
O
s
O
*
D

\D
\Q
O

*&
*0

*0
*C

v
D
«
0
^
O
«4
3v
O
v
O
4
3

*0
*
0
v
O

\0
v
D

O
O

v
O

\0
4

3
4

3
\£

>
\0

4
3

*
0

4
3

4
3

\0
4

3
vO

\0
0

^4
3

4
3

*
0

4
3

4
3

\0
<

O
vO

O
\0

ro
ro

ro
ro

io
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

io
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

fo
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

CO
00

CO
00

CO
CO

CO
CO

CO
CO

CO
CO

CO
CO

CO
CO

CO
CO

00
CD

CO
CO

CO
CO

CO
•-

(-
i—

*
-r

o
ro

*
-i

O
H

-t
--

N
jh

-r
o

*
-r

o
ro

i-
ro

w
ro

ro
•-

ro
ro

••-
U

lU
1

0
3

v
0

O
O

4
3

O
4

3
^

O
4

>
O

C
0

r0
O

4
3

C
0

i-
'i

"-
'O

C
0

O
*

-*
C

0

4
>

(»
^

rO
4

>
ro

^
^

U
l(

>
r-

U
lU

)U
l^

r-
4

>
U

Jr
>

U
JC

0
l-

-t
-»

O
U

J

4>
^4

>
4>

4s
4>

4N
4N

4N
4N

4s
4>

4>
4N

jS
4S

4>
4N

4^
4>

4>
--

^4
>

J>
-^

4
>

4
>

U
lU

lU
lU

lU
lU

IU
IU

lU
IU

lU
lU

I\
ji

u
lU

IC
b

U
lU

1
U

IU
lU

lU
lU

l
C

N
^r

O
U

Ju
^^

U
JU

lU
»

U
J4

>
U

)U
ir

O
4

3
4

N
U

Jv
0

-4
<

>
U

lr
-4

>
C

x
i-

'

tj
>

ro
ro

ro
ro

4
D

,4
*

)-
4

-4
0

o
-4

0
sr

-'
O

i—
c
o

u
i•

-•
uj

c0
.4

2.
ro

c
o

u
iu

i

C
O
C
O
C
O
C
O
C
O
C
O
0
0
4
3
C
O
C
O
4
3
C
O
C
O
C
O
C
O
C
O
C
O
\0

0
3
v
O
C
O
C
O
*
0

\D
C
O

-
4
-
4
4
)
4
3
*
0

*0
4
)
O

%
0

\Q
Cr
-
4
3
*
0
C
o
<4
3
4
3
•4
3U
J
4
3
O
4
)
C
O
O
»
—
C
O

O
r
ou
iu
j-

f*
4
3O
-4
>«
04
>4
>r
o
u
i4
3
0
0u
i4
3u
J4
3r
o
u
i
-
4o

-
44
3

H
H

K
H

-
f
y

w
^

ly
t-

H
W

H
W

H
N

I
M

h
-
W

N
N

M
M

W
I
'O

H
ro

u
io

o
v

i)
,-

'o
v

o
^

v
0

v
o

o
^

o
o

-g
-p

*
o

J3
-^

u
iM

H
-'

^
jo

r\
i-

-j

O
U

)»
-'

O
O

^
J^

|u
iU

t-
JU

lu
1

^
>

-O
^

JO
U

lU
1

0
0

»
--

g
h

-0
*

O
u

l

O
O
O
O
O
O
O
O
O
O
l
-
O
O
O
O
O
O
h
O
O
O
O
O
O
O

U
lU

l-
^J

^J
-^

1O
D

-4
03

00
->

Ju
l-

>
J*

*J
-*

J0
0

•>
!0

0
M

C
o0

3
00

O
00

\Q
**

t
M

^
-^

lO
^

C
O

M
^

l^
Jh

--
^r

oU
lv

O
IM

C
^v

D
l—

I\
JU

IO
O

s0
u

i-
»

ll
—

U
JU

)U
lU

lU
lU

JU
Jt

ii
U

JU
JU

)o
j

U
JU

JU
JU

)U
J4

>
U

JU
JU

JU
JU

Jt
>J

U
J

C
b0

s
-4

-J
H

-4
-4

-4
-4

-4
-0

-g
H

-4
C

O
-4

^
4

0
0

0
C

O
0

0
-^

J-
4

C
O

-4
^H

4>
C

^v
O

C
O

-g
sO

C
^^

C
O

C
^C

04
>J

>0
00

,'O
ro

t--
O

U
JC

O
O

ui
U

JU
Jf

>
t-

.o
f>

•—
CO

00
O

4>
-4

43
U

J4
3U

lU
l*

-*
U

JU
lr

o
f\

)
J>

-4
-J

ro
ro

ro
ro

ro
ro

ro
i\>

ro
ro

to
ro

ro
ro

ro
io

ro
t-

'r
o

ro
ro

ro
*^

Ji
\)

ro

u
i4

^
u

ir
o

M
ro

ro
ro

ro
ro

ro
ro

ro
u

j^
'i

o
ro

4
3

«
-'

h
-'

ro
U

ir
o

«
--

'u
j

o
co

>
—

co
ro

u
JO

^
t—

o
*

-0
su

i-
4

ro
i-

'r
o

u
>

-j
ro

-^
jo

o
o

4
>

U
J4

>
U

J
O

O
M

U
lU

JC
b4

^r
or

oC
04

>
^0

04
3v

O
-4

'-
4U

lU
10

U
Ju

iU
)C

O
-4

U
J

s
e
r

-*
J-

4
-4

~
4

-*
4-

4
-4

-4
->

J
-4

-«
4-

-4
-J

-4
-g

-4
-4

H
•>

"
-4

-4

u
ju

j
r
o

r
o

ro
r
o

r
o

ro
r
o

ro
r
o

r
o

ro
•—

ro
r
o

r
o

ro
ro

t-
»

•-
H

*
ro

*
o

jN
ro

ro
i—

u
jh

-«
-»

*
-r

o
o

a
o

»—
•-•

*
ro

ro
4>

co
co

O
O

O
O

-^
t-

1
fO

-4
4

3
4

M
>

43
-4

03
1—

O
0>

f>
-4

4>
*-

**
*

o*
*0

s
o*

*o
ro

ro
u

io
uj

oo
uj

4>
4>

ui
o

o*
4>

-o
o

-4
3u

j

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro

r
o

r
o

r
o

io
r
o

r
o

r
o

u
J
u

J
W

r
o

r
o

r
o

u
J
r
o

w
r
\j

w
r
\j

r
o

u
)

-4
-4

->
Jr

>
C

O
C

OC
OU

l!
-•»

—
C

r-̂
J

-4
O

C
OC

O4
>

J>
4S

Cr
*O

U
J
U
J
U
J
U
J
U
J
U
J
U
J
U
J
U
J
U
J
U
l
U
l
U
J
4
>
U
J
U
J
U
J
U
J
U
J
4
>
J
>

U
J
IS
)
•
>
-%
J0
0
C
O
4
3C
O

\Q
4
3
C
O
-
4

\0
1-

*
4
3
O
-
4
-
4
0
s
O
t
—

U
J
C
O
o

0
1
-
*
4
>
o

t
>
O

U
)
U
l
c
o
r
o
O

*-
*
•
—
U
l
U
l
O
J
0
*
U
l

^4
3

H
u

'H
-4

3
H

<
>

0
3

C
O

H
ro

U
t4

>
'4

S
-4

U
lU

tO
O

*
>

-g

»
—

t-
-
r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

r
o

o
o

o
u

>
4

>
ro

u
>

U
J
U

J
U

)j
>

u
J
-4

u
iu

J
4

>
ro

ro
>

--
4

4
>

0«
U

Jh
-O

r-
\0

f>
-4

J>
U

lU
Jt

—
ro

U
l-

4
O

U
l4

>
J>

U
l-

4
u

jc
*-

-4
u

ir
o

-4
u

j0
ro

co
*o

o*
*

-4
43

r—
•-

•r
o

h
-

go
00

o

\D
v0

\0
43

\0
O

43
43

\0
43

v0
v0

>
0v

0\
D

43
'4

*)
43

43
43

43
v

^
4

*
iv

0
4

5
sO

u
D

v
O

4
3

v
O

4
Jv

0
,J

3
k

O
*

£
i'

J3
iO

v
O

^
}

\D
'J

3
^

yQ
vO

vO
kD

vO
43

vO
*D

\G
\0

*D
vO

vO
O

vO
-4

3^
0

*0
\Q

\0
«0

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro
ro

ro

ro
ro

ro
ro

ro
ro

10
ro

ro
ro

ro
ro

ro
ro

io
ro

ro
ro

ro
ro

ro
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

43
vO

43
43

*i
3v

O
43

43
43

43
43

vf
i4

3
4)

vO
43

43
43

43
43

43
•43

\0
vD

O
43

43
*0

\C
*0

43
\£>

\C
*0

43
*0

vO
vO

\0
45

*0
43

r
>t
> 0

*-
-
4
-
4-
4-
j
-
4-
4-
4-
J-
4-
4-
4-
4
-
J-
4H

H
-
4
-
4

43
-*
0
4
3O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

c
o

c
o

v
O

i^
rj

ro
u

it
—

ro
M

ro
ro

u
jj

n
u

-i
u

jr
o

ro
»—

4>
4N

00
u

iu
t-

4
u>

u
i0

co
0s

43
co

i-
*

ro
ro

o
*-

•u
ju

ju
j4

>
-4

4*
-J

>
4>

4S
4>

4>
4>

J>
J>

4s
J>

4>
4>

4>
4>

-I>
JS

4>
J>

4>
4>

f-
*

«
—

1
-t

—
^
-h

-r
o

f-
.
r
o

r
o

r
o

1
—

ro
ro

ro
ro

t-
"

1
—

1
—

ro
ro

ro
ro

u
j0

0
%

o4
3

o
c
o

o
o

o
vO

r-
1u

)
o

O
>

43
43

-g
U

)W

\0
u

i«
o

ro
U

JC
O0

*"
J>

O
4>

U
JI

-'
(-

•r
—

C
OC

O
4*

*U
)0

s
4>

00

U
lU

lU
lU

l
U

lU
lU

lU
lU

l
U

l
U

lU
lU

lU
l

U
lU

lU
lU

l
U

lU
lU

l

ro
ro

U
J4

**
U

l4
>

4>
4>

4>
4>

U
l4

>
00

0*
-4

>
U

l4
S

J>
u

j
03

U
l

C
o
-
4
»
—
c
o
4
>
u
t
c
o
o

u
i
u
i

o*
-

•<
•
—
o

0
0
1
-
u
J
r
o
C
O
U
J
*
—

U
JU

>
U

JU
JU

!U
JU

>
U

!1
>

1U
)U

1U
IU

!U
JU

JU
)U

JU
1U

)U
JU

J
-4

"-
J
-^

03
00

00
00

00
C

O
03

00
03

C
O

00
C

OC
D

00
C

O
C

D<
X>

00
0*

o-
^1

1-
-M

U
l-

f*
1

-
U

JU
JU

Jr
o

*-
&

-f
-C

«
fv

hJ
h-

o
-*

l

C
hO

U
lO

W
M

O
C

O
U

J-
*

1
0

U
l-

f*
U

J>
-

h
-

^J
--

J
o

0s
O

0X
C

T
,0

0S
C

X
C

K
C

T
-C

^C
*»

C
>>

C
K

C
^C

K
0V

O
C

V
C

>,
0,

C
T

'O
C

S

»—
^-

M
U

J*
>

U
1U

JU
JU

1U
I-

P
'U

1C
>

^
U

J
^

U
lU

lM
U

-^
C

O
-^

J•
-

0s
M

-*
>C

O
U

lU
l

0"
^-

a
-

•!>
*0

C
O

O
-^

U
l

03
--

J
M

U
JU

lU
JU

J
U

>U
JU

JU
JU

JU
J

U
JU

JU
JU

Jb
J

U
JU

J*
.')

U
JU

J
U

J
U

JU
lU

)4
>

4>
4>

4>
4>

4>
4>

4>
4>

U
lU

l4
>

J>
+

•
4>

J>
\ji

u
i

C
O

-^
4

^
U

!-
4

lJ
0

4
3

0
s0

0
4

3
ti

)-
4

0
u

J»
ij

\D
-4

"4
U

lU
J4

>

^
)r

o
u

l^
o

c^
4

>
C

^
U

J^
Ju

J(
--

u
JU

Jr
o

co
4

*
)-

4
H

^
-•

co
4

*
*

f,«
ir

o
ro

»-
**

--
1—

i-
*

>-
-1

—
t—

•-*
t-

*i
—

*-
*t

~»
t-

•*
-^

-
ro

*-
*•—

ro
l\

)
^
-s

O
43

^0
C

O
4*

>
4

)
43

43
»0

C
O

C
O

C
O

C
C

\D
s0

O
C

O
-4

o
u>

vj
i-

4
u

jr
o

s0
^

jf
-

O
O

4>
-4

•—
C

OC
OU

J(
jj

O
O

O
O

l\J
f>

43
4)

O
U

JO
J>

O
U

lC
*-

4
43

C
O

-O
C

*
^J

i-
*

C
Ô
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ROD
NO

LEVEL F6

50 0.90
60 0.90

LEVEL F7

14 0.91
17 0.91
21 0.91
37 0.91
38 0.91
50 0.91
60 0.91

LEVEL F8

1 0.93
17 0.93
21 0.93
34 0.93
37 0.93
50 0.93
60 0.93

JSURF 0 X 1E-5
DEG F BTU/H SOFT

HEXP

1099.3
1116.2

1097.7
1126.8
1100.7
1119.6
1135.0
1116.5
1135.4

1188.4
1129.1
1110.0
1151.7
1142.5
1137.8
1163.8

2.23
2.26

2.25
2.25
2.26
2.27
2.27
2.23
2.26

2.27
2.25
2.26
2.29
2.27
2.23
2.26

474.9
463.8

480.9
451.8
479.1
462.7
448.5
458.1
446.2

406.6
449.7
469.9
438.9
441.9
438.9
422.5

********** STEADY STATE TEST E

INTERMEDIATE LEVELS

**********

UHEXP HDR
BTU/H SQFT F

UHDR

29.93
28.80

31.30
27.41
29.00
28.73
27.24
28.78
27.69

25.26
27.09
28.28
27.93
26.99
27.18
25.83

1113.5
1113.5

1127.1
1127. 1
1127.1
1127. 1
1127.1
1127. 1
1127. 1

1146.3
1146.3
1146.3
1146.3
1146.3
1146.3
1146.3

22.02
22.02

22.05
22.05
22.05
22.05
22.05
22.05
22.05

22.13
22.13
22.13
22.13
22.13
22.13
22.13

HDRPW

792.4
790. 9

801.7
799. 1
801.4
799.7
798.4
800.0
798.4

808.5
812.9
814.6
811.1
811.8
812.2
810.2

HG57

458.5
455.7

460.6
455.8
460.1
456.9
454.6
45 7.4
454.6

449.7
457.4
460.4
454.2
455.4
456.1
452.6

UHG57 HG59
BTU/H SQFT F

5.84 424.3
5.69 421.6

6.26 426.5
5.85 421.9
5.94 426.0
5.96 422.9
5.83 420.7
6.02 423.4
5.90 420.6

6.76 415.9
6.87 423.3
6.94 426.2
6.94 420.2
6.87 421.4
6.92 422.1
6.80 418.7

UHG59

6.95
6.82

7.50
7.15
7.25
7.24
7.13
7.29
7.18

8.39
8.53
8.61
8.56
8. 51
8.56
8.44

HC9 CGD X 1E-5
BTU/H SOFT

385.1
380.8

387.0
379.9
386.3
381.6
378.1
382.3
378.0

370.3
381.8
386.3
377.0
378.9
379.9
374.7

1.883
1.942

1.922
2.025
1.932
1 .999
2.054
1.988
2.055

321
104
037
186
153
136
231
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*******<*** st EADY STATE: TEST F **********

LEVEL AVERAGE FLUID AND< SURFACE CONDITIONS
MSS FLUX 1..881E+05 LBM/SOFT H UNC. MASS FLUX; 4. 250E«-03 LBM/SOFT H PRESSURE 1829.,6 PS I UNC. 1PRESSURE 6.00 PSI

255.26 KG/SQM S 5. 76 74 KG/SQM S 12.62 MPA 0.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX
ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.223 385.2 0.026 8.17 1099.3 593.3 50.81 28.227 623.2 328.8 0.443 0.2 .945 4 . 0388
G 1.224 385.7 0.0 20 6.40 1172.8 634.1 41.10 22. 836 697.7 370.2 21.885 12.2 1.1750 . 0445
E6 1.218 383.7 0.000 0.00 1068.2 576.0 0.00 0.000 623.2 328.8 0.443 0.2 .8746 . 03 72
E7 1.228 386.9 0.000 0.00 1146.5 619.5 0.00 0.000 623.2 328.8 0.443 0.2 .8967 . 0377
E8 1.237 389.7 0.012 3.77 1109.5 598.9 76.51 42.505 623.2 328.8 0.443 0.2 .9257 . 0383
Fl 1.212 381.7 0.031 9.86 1087.1 586.5 22.50 12.502 623.2 328. 8 0.443 0.2 .9824 . 0398
F2 1.223 385.2 0.014 4.30 1125.6 607.9 48.78 27.102 627.2 331.0 13.237 7.4 1.0114 . 04 06
F3 1.211 381.6 0.031 9.82 1129.9 610.3 37.58 20.879 63 7.5 336.7 15.754 8.8 1.0404 .0415
F4 1.220 384.4 0.000 0.00 1055.0 568.7 0.00 0.000 648.0 342.6 17.781 9.9 1.0671 . 0423
F5 1.199 377.6 0.040 12.54 1059.4 571.1 36.36 20.199 656.6 347.3 19.060 10.6 1.0868 . 04 26
F6 1.211 381.3 0.026 8.21 1119.8 604.6 30.40 16.891 666.3 352. 7 19.579 10.9 1.1077 . 04 30
F7 1.210 381.1 0.024 7.43 1123.9 606.9 25.00 13.890 676.0 358.1 20.181 11.2 1.1274 .0434
F8 1.215 382.7 0.027 8.57 1162.5 628.4 36.23 20.128 688.3 364.9 20.990 11.7 1.1553 . 0440

NCMENCLATURE

ENG

c BTU/H FT**2 X 1E5
SCQ BTU/H FT**2 X IE5
TSRF DEG F
SCTSRF DEG F
TF DEG F
UTF DEG F

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

T/C Level

E3

E6

E7

E8

F

Test F

(# wet T/C)/(Total # T/C1

All wet

1/2

1/4
1/5

All dry
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********** STEADY STATE TEST F

INTERMEDIATE LEVELS

**********

RCD X TSURF
OEG F

Q X 1E-5
BTU/H SQFT

HEXP UHEXP HDR
BTU/H SQFT F

UHDR HDRPW HG57 UHG57 HG59
/H SQFT F

UHG59 HCB CGD X 1E-5
BTU/H SQFT

NO

LEVEL E6

60 0.87 1068.2 1.22 273.7 16.11 530.7 11.60 386.0 250.4 3.10 194.4 3.09 204.9 0.706

LEVEL E7

1 0.90 1146.5 1.23 234.7 13.82 540.0 11.62 389.0 245.2 3.03 190.3 3.09 195. 8 0.855

LEVEL E8

1
34

0.93
0.93

1163.6
1055.4

1.23
1.25

227.4
288.2

13.35
17.25

552.2
552. 2

11.68
11.68

397.3
402.1

245. 5
255.0

3.47
3.71

190.6
198.3

3.63
3.84

195.2
208.9

0.922
0.745

LEVEL Fl

17
21
34
37
50

0.98
0.98
0.98
0.98
0.98

1112.7
1052.1
1110.6
1086.5
1082.1

1.22
1.22
1.25
1.22
1.21

248.7
285.2
255.6
263.9
263.7

14.36
16.76
15.11
15.42
15.38

575.8
575.8
575.8
575.8
575.8

13.55
13.55
13.55
13.55
13.55

416.1
419.3
416.2
417.4
417.6

248.4
254.5
248.6
250.8
251.2

9.42
9.37
9.24
9.36
9.38

192.0
196.9
192.2
193.9
194.3

11.30
11.85
11.46
11.54
11.56

202.6
211.5
202.9
206.1
206.7

0.917
0.813
0.914
0.872
0.864

CO

to



ROD
NO

TSURF
DEG F

LEVEL F2

1
14
17
34
38
50

1.01
I.01
1.01
1.01
1.01
1.01

1209.2
1060.2
1127.2
1136.4
1115.5
1105.3

LEVEL F3

14
17
21
34
60

1.04
1.04
1.04
1.04
1.04

1083.2
1130.6
1092.4
1165.6
1176.8

LEVEL F4

60 1.07 1055.0

LEVEL F5

21
60

1.09
1.09

1023.5
1096.2

LEVEL F6

1
17
37
38
50
60

1.11
1.11
1.11
1.11
1.11
1.11

1172.4
1120.4
1092.4
1090.4
1114.3
1147.6

LEVEL F7

14
17
21
37
38
50
60

1.13
1.13
1.13
1.13
1.13
1.13
1.13

1098.1
1138.9
1092.5
1117.0
1117.2
1136.6
1171.1

LEVEL F8

1
17
21
34
37
50
60

1. 16
1.16
1.16
1.16
1.16
1.16
1.16

1214.7
1151.0
1111.8
1191.0
1139.8
1165.8
1197.6

0 X 1E-5
BTU/H FT**2

1.23
1.21
1.22
1.25
1.22
1.21

1.21
1.22
1.22
1.25
1.22

1.22

1.22
1.22

1.23
1.22
1.22
1.22
1.21
1.22

1.21
1.22
1.22
1.22
1.22
1.21
1.22

1.23
1.22
1.22
1.25
1.22
1.21
1.22

********** STEADY STATE TEST F **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F

209.7
276.8
241.5
242.8
248.8
251.0

263.0
239.9
260.7
229.7
220.5

282.7

12.12
16.76
13.93
14.29
14.45
14.64

15.59
13.84
15.10
13.48
13.03

16.67

211.1
279.4
243.4
244.6
2 50.9
253.1

271.4
2 46.8
268.9
235.9
226.3

299.9

13.1
19.0
15.5
15.8
16.1
16.4

18.8
16.3
18.2
15.6
15.0

22.2

HDB

572.1
572.1
572.1
572.1
572.1
572.1

507.7
507.7
507.7
507.7
507.7

467.3

305.6 17.87 333.3 26.3 441.6
258.0 15.09 277.6 20.4 441.6

223.8 13.35 242.8 17.4 417.6
244.8 14.29 268.0 19.6 417.6
260.6 15.27 2 86.9 21.6 417.6
261.5 15.23 288.1 21.6 417.6
246.4 14.44 270.1 19.9 417.6
232.7 13.53 253.6 18.1 417.6

254.7 15.09 286.6 22.1 398.0
236.0 13.67 262.9 19.2 398.0
260.6 15.11 293.6 22.4 398.0
247.6 14.46 2 77.2 20.8 398.0
247.4 14.36 276.9 20.6 398.0
235.7 13.77 262.7 19.4 398.0
222.8 12.94 246.5 17.6 398.0

207.8 12.07 233.4 16.6 377.3
230.6 13.31 263.0 19.5 377.3
250.3 14.47 288.8 22.2 377.3
219.4 12.84 247.8 18.0 377.3
236.7 13.74 2 70.8 20.4 377.3
223.0 12.97 253.4 18.7 377.3
212.5 12.29 2 39.6 17.2 377.3

BTU/H FT**2 F

194.
211.
201,
200.
203.
204.

208.6
202.5
207.3
198.9
197.9

214.1

220.9
208.4

200.5
206.0
209 "
209

7
9

206.8
203.0

209.5
204.5
210.3
207.1
207.0
204.8
201.3

198.5
204.2
208.6
200.4
205.3
202. 7
199.8

QGD X 1E-5
BTU/H FT**2

1,. 1 ?4
0. H^r
0. <4 7 I
0.,99?
0.,9hh
0.,°3!

0.,873
0.,V>9
0.,HS0
1. ()??
1. 042

0.805

0.735
0.867

0.9 94
0.898
0.846
0.843
0.886
0.948

0.844
0.920
0.835
0.880
0.880
0.915
0.9 80

1.049
0.926
0.853
1.003
0.905
0.955
1.015

Si

•P-
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STEADY STATE TEST G

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS
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NOMENCLATURE

HCB - CONDIE-BENGSTON HEAT TRANSFER
HDB - DITTUS-BOELTER HEAT TRANSFER
HOR - DOUGALL-ROHSENOW HEAT TRANSFE
HDRPW - DOUGALL-ROHSENOW HEAT TRANSFE

WALL PRANDTL NUMBER
HEXP - EXPERIMENTAL HEAT TRANSFER CO

O/ITSURF-TBULKI
HEXPS - EXPERIMENTAL HEAT TRANSFER CO

Q/(TSURF-TSATI
HG57 - GROENEVELD 5.7 HEAT TRANSFER
HG59 - GROENEVELD 5.9 HEAT TRANSFER
0 - HEAT FLUX
QGD - GROENEVELD-DELORME HEAT FLUX

SDTSRF - CROSS-SECTICNAL STANDARD DEVI
SURFACE TEMPERATURE

SDO - CROSS-SECTIONAL STANDARD DEVI
HEAT FLUX

TBULK - BULK VAPOR TEMPERATURE
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COEFFICIENT
COEFFICIENT
R COEFFICIENT
R COEFFICIENT,

TSAT
TSRF(TSURF)
TF
UHDR

'EFFICIENT UHEXP

EFFICIENT UHEXPS

COEFFICI ENT
COEFFICIENT

UHG57

UHG59

ATION OF THE

ATION OF THE

UNC
UTF

UX
X

SATURATION TEMPERATURE
SURFACE TEMPERATURE
EQUILIBRIUM FLUID TEMPERATURE
UNCERTAINTY, DOUGALL-ROHSENOW HEAT
TRANSFER COEFFICIENT
UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER
COEFFICIENT
UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT
UNCERTAINTY
UNCERTAINTY, EQUILIBRIUM FLUID
TEMPERATURE
UNCERTAINTY, QUALITY
QUALITY
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********** STEADY STATE TEST G **********

MASS FLUX I,
LEVEL AVERAGE FLUIC AND SURFACE CONDITIONS

835E+05 LBM/SQFT H UNC. MASS FLUX 4. 149E*03 LBM/SOFT H PRESSURE
248.97 KG/SQK S 5.6307 KG/SQH $ 1817.6 PSI

12.54 MPA

UNC. PRESSURE 6.00 PSI

C.041 MPA

SDOLEVEL

ENG

G 1.038

F6 1.038

F8 1.037

NOMENCLATURE

SI ENG

326.9 0.016

327.0 0.000

326.6 0.005

SI

5.18

0.00

1.66

ENG

c BTU/H FT**2 X 1E5
SCO BTU/H FT**2 X 1E5
TSRF DEG F
SCTSRF DEC F
TF DEG F
UTF DEG F

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

TSRF

ENG SI

1077.5 581.2

1047.2 564.3

1067.9 575.8

SDTSRF

ENG SI

27.47 15.262

0.00 0.000

39.74 22.077

Test G

TF

ENG SI

622.3 328.3

622.3 328.3

622.3 328.3

T/C Level (# wet T/C)/(Total # T/C
Fl All wet
F2 5/6
F3 2/6
F4 1/2
FS 2/3
F6 2/7
F7 2/8
F8 All dry

UX

ENG SI

0.443 0.2 .9953 . 0387

0.443 0.2 .9371 .0374

0.443 0.2 .9782 . C383

to



********** STEADY STATE TEST G **********

PRIMARY LEVELS

UHG57 HG59 UHG59 HCB £GD X 1E-5*N§ X DE^F BtVh^OFT -----!-BTU/H S^T F.«™5__»!!f« -H«I ^BT./H^T F^2------ ^U,H SOFT

LEVEL G

1 1.00 1086.2 1.04 224.3

16 1.00 1055.8 1.02 235.7

16 1.00 1079.6 1.02 223.4

3? 1.00 1083.6 1.07 232.8
5fl 1.00 1043.9 1.04 247. 1

60 1.00 1045.3 1.03 244.3
64 1.00 1109.0 1.03 212.6

64 1.00 1116.7 1.03 209.3

13.18 565. 2 17.86 410.7 24 2.3 9.47 185.4

13.89 565.2 17.86 412.3 245.4 9.50 187.9

13.11 565.2 17.86 411.0 242.9 9.49 185.9

13.67 565. 2 17.86 410.8 242.5 9.48 185 .6

14.61 5b5.2 17.86 413.1 246.7 9.^9 188.9

14.54 565. 2 17.86 413.0 246.6 9.44 188.8

12.35 565. 2 17.86 409.6 240.3 9.52 183. 8

12.15 565.2 17.86 409.3 239.7 9.52 183. j

10.67 202.2
10.89 206.9
10.70 203.2
10.68 202.6
11.00 208.9
11.03 209.7
10.47 199.2
10.43 198.3

0.864
0.813
0.8 53
0.860
0.792
0.795
0.904
0.917

to



"OD X TSURF Q X 1E-5 HEXP

********** STEADY STATE TEST G **********

INTERMEDIATE LEVELS

DEG FBWIST -H-E-^—-U-HI-XPBTU/H S^T F-U™!___^!« _^!Z.._._^G57 HG59 UHG59 HCB CGD X1E-5
,IU'H i0FT F BTU/H SOFT

„LT l0"-2 '•" 2**-s "•" '«•' '»•- >»•* «•-' — ..... .... !06.3 „.,,.
.5 8:1! ttftt 1:11 8?:I !I:IS IfS:J ij:H <Si;| IIS:» ... .... „.a ,„.,

to
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PASS FLUX 1.887E«-05 LBM/SOFT H UNC.

256.06 KG/SQM S

LEVEL SDO

F

G

E6

E7

E8

Fl

F2

F3

F4

F5

F6

F7

F8

ENG

1.342

1.338

1.312

1.353

1.362

1.323

1.340

1.322

1.278

1.298

1.317

1.315

1.327

NOMENCLATURE

SI

422.6

421.4

413.3

426.1

429.1

416.7

422.1

416.5

402.6

408.9

414.7

414.1

418.0

ENG

0.027

0.026

0.000

0.019

0.013

0.040

0.020

0.043

0.049

0.049

0.036

0.031

0.039

SI

8.56

8.29

0.00

6.05

4.20

12.55

6.44

13.66

15.37

15.40

11.24

9.90

12.21

ENG

c BTU/H FT**2 X 1E5
SCO BTU/H FT**2 X 1E5
TSRF DEG F
SCTSRF DEG F
TF DEG F
UTF DEG F

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

********** STEADY STATE TEST H **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS
MASS FLUX 4.216E«-03 LBM/SOFT H PRESSURE

5.7217 KG/SQM S

1288.9

8.89

PSI

MPA

UNC. PRESSURE 6.00 PSI

0.041 MP/S

TSRF

SI

621.6

705.1

605.7

587.6

641.0

620.7

652.0

654.2

590.9

621.1

663.1

668.4

696.5

SDT

ENG

73.03

48.67

0.00

132.49

88.25

33.58

66.57

51.76

69.30

49.06

46.61

38.80

46.54

SRF

SI

40.570

27.038

0.000

73.607

49.026

18.655

36.985

28.754

38.498

27.257

25.895

21.557

25.853

TF UTF UX

.0345

. 0396

.0330

.0334

. 0340

.0353

. 0361

.0369

. 0376

.0379

, 0383

.0386

.0392

ENG

1150

1300

1121

1089

1185,

1148,

1204

1209.

1095

1149.

1225

1234.

1285.

Test H

ENG

576.0

629.8

576.0

576.0

5 76.0

576.0

576.0

5 76.0

576.0

578.3

590.6

603.2

618.8

SI

302.6

332.4

302.6

302.6

302.6

302.6

30 2.6

302.6

302.6

303.8

310.7

317.7

326.3

T/C Level (# wet T/CJ/(Total # T/Cl

E3 All wet
E6 1/2
E7 1/4
E8 3/5
F All dry

ENG

0.597

25.473

0.597

0.597

0.59 7

0.597

0.597

0 .597

0.597

24.472

21.888

24.788

25.132

SI

0.3

14.2

0.3

0.3

0.3

0.3

0.3

0.3

0.3

13.6

12.2

13.8

14.0

.8787

1.0884

.8142

.8343

.8608

.9126

.939 1

.965 5

.9898

1.0079

1.0269

1.045 0

1.0704

S3
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********** STEADY STATE TEST H ********4(*

INTERMEDIATE LEVELS

RCD X TSURF
DEG F 1

Q X 1E-5
BTU/H SQFT

HEXP UHEXP HDR
BTU/H SQFT F

UHDR HDRPW HG57 UHG57 HG59
/H SQFT F

UHG59 HCB CGD X 1E-5
3TU/H SOFT

NO

LEVEL

60

E6

0.81 1121.7 1.31 240.4 13.98 375.6 8.29 294. 5 197.0 2.35 157.0 2.41 179.8 0.658

LEVEL

1
34
50

E7

0.83
0.83
0.83

1238.9
1041.3
987.2

1.35
1.37
1.33

204.1
294.8
324.3

11.89
17.69
19.45

382.4
382.4
382.4

8.30
8.30
8.30

297. 5
301.7
303.7

194.2
203.0
207.3

2.26
2.45
2.54

154.8
162.2
165.8

2.35
2.52
2.60

173.6
187.9
195.2

0.851
0.567
0.494

LEVEL

1
34

E8

0.86
0.86

1247.6
1122.8

1.35
1.37

201.5
250.9

11.72
14.78

391.3
391.3

8.34
8.34

304.2
306.4

195.6
200.1

2.29
2.37

156.1
159.9

2.42
2.50

174.1
181.4

0.900
0.712

LEVEL

17
21
34
37
38
5C

Fl

0.91
0.91
0.91
0.91
0.91
0.91

1178.8
1122.5
1197.7
1112.3
1132.1
1173.0

1.34
1.34
1.37
1.31
1.32
1.33

222. 8
244.9
220.7
245.2
236.6
223.4

12.77
14.21
12.88
14.22
13.66
12.88

408. 5
408.5
408. 5
408. 5
408. 5
408.5

8.50
8.50
8.50
8.50
8.50
8.50

318.9
320.0
318.5
320.3
319. 8
319.0

199.9
202.2
199.2
202.7
201.8
200.1

2.83
2.88
2.83
2.89
2.87
2.84

159.8
161.7
159.2
162.1
161.3
159.9

3.14
3.19
3.13
3.19
3.17
3.14

179.4
183.2
178.3
184.0
182.5
179.8

0.869
0.782
0.899
0.766
0.797
0.860

LEVEL

1
14
17
34
38
50

F2

0.94
0.94
0.94
0.94
0.94
0.94

1316.7
1114.9
1206.5
1221.1
1169.1
1201.2

1.35
1.32
1.34
1.37
1.32
1.33

182.7
245.7
213.0
212.7
221.8
213.3

10.48
14.65
12.18
12.38
12.77
12.29

417.3
417.3
417.3
417.3
417.3
417.3

8.62
8.62
8.62
8.6 2
8.62
8.62

323.5
327.0
325. 1
324.9
325.8
325.2

196.2
202.9
199.2
198.7
200. 5
199.4

3.77
3.93
3.83
3.82
3.86
3.83

156.4
162.0
158.9
158.5
160.0
159.1

4.19
4.36
4.26
4.25
4.29
4.27

173.9
184.7
178.8
178.0
180.9
179.0

1.139
0.310
0.956
0.979
0.895
0.947

LEVEL

14
17
21
34
60

F3

0.97
0.97
0.97
0.97
0.97

1141.2
1211.5
1178.4
1256.5
1280.2

1.32
1.34
1.34
1.37
1.31

234.3
211.3
222.1
201.6
186.4

13.74
12.10
12.73
11.71
10.89

426.0
426. 0
426.0
426.0
426.0

8.78
8.78
8.78
8.78
8.78

333.4
332.0
332.6
331.3
330.9

200.8
198.2
199.3
196.9
196.2

9.49
9.52
9.55
9.41
9.37

159.7
157.6
158.5
156.4
155.9

8.43
8.31
8.36
8.25
8.22

183.7
179.4
181.2
177.2
176.2

0.895
1.012
0.956
1.088
1 .128

LEVEL

60

F4

0.99 1144.0 1.31 231.1 13.39 434.0 11.58 339.5 197.4 9.75 155.7 10.83 184.3 0.942

to

to



RCD
NO

LEVEL F5

21
60

1.01
1.01

LEVEL F6

1
17
37
38
50
60

1.03
1.03
1.03
1.03
1.03
1.03

LEVEL F7

14
17
21
37
38
50
60

1.04
1.04
1.04
1.04
1.04
1.04
1.04

LEVEL F8

1
17
21
34
37
50
60

1.07
1.07
1.07
1.07
1.07
1.07
1.07

TSURF 0 X 1E-5
DEG F BTU/H FT**2

1108.6
1203.8

1288.1
1218.9
1172.1
1180.2
1253.9
1271.6

1197.5
1247.6
1208. 7
1204.0
1217.1
1283.2
1301.0

1335.0
1262.8
1240.6
1329.5
1230.0
1319.8
1325.8

1.34
1.31

1.35
1.34
1.31
1.32
1.33
1.31

1.32
1.34
1.34
1.31
1.32
1.33
1.31

1.36
1.34
1.34
1.37
1.32
1.33
1.31

********** STEADY STATE TEST H **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F -----

251.3
209.1

190.0
208.9
220.6
217.7
196.7
188.7

213.0
200.0
211.5
208.2
205.2
188.7
181.1

178.6
195.6
201.4
182.1
201.1
179.3
175.2

14.48
12.06

11.19
12.05
12.76
12.52
11.34
10.83

12.44
11.46
12.12
12.01
11.78
10.87
10.40

10.29
11.19
11.51
10.53
11.55
10.30
10.03

252.3
209.9

194.0
213.7
226.1
223.1
201.0
192.7

222.8
208.4
221.0
217.6
214.3
196.2
188.1

189.3
208.6
215.3
193.1
215.2
190.3
185.7

18.7
14.7

13,
14.
15.
15.
13.
12.7

16.1
14.4
15.6
15.5
15.1
13.4
12.7

12.8
14.5
15.1
13.1
15.3
12.9
12.6

HDB

436. 1
436.1

408. 6
408.6
408.6
408.6
408.6
408.6

383..9
383..9
383,.9
383,.9
,oH3..9
383.,9
383. 9

35 7. 9
157. 9
3W. 9
35 1. 9
•iW. 9
35/. 9

35/. 9

HCB
BTU/H FT**2 F

1 87 .6
181 .2

177 .9
1 HI .0
183 . 7
183 .?
1 IH .3
1 /8 .5

18?,.7
180,.?
187.,1
187.,4
181., 7
178.,6
in.,9

1 77. 5
180. 3
181 . 3
I II. 1
181. 8
1 18. 0
III. 8

QGD X 1E-5
BTU/H FT**2

0.902
1.067

1.203
1.079
0.997
1.010
1.140
1.172

1.022
1.111
1.042
1.034
1.057
1.1 76
1.209

1.252
1.117
1.077
1.241
1.057
1.223
1.234
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********** STEADY STATE: TEST I **********

LEVEL AVERAGE FLUIC ANC1 SURFACE CONDITIONS
M*SS FLUX 2 • 674E+05 LBM/SOFT H UNC. MASS FLUX 6.019E«-03 LBM/SOFT H PRESSURE 1331..5 PS I UNC. 1PRESSURE 6.00 PSI

362.83 KG/SQf S 8. 1678 KG/S;qm s 9.]L9 MPA C.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX
ENG SI ENG SI ENG SI ENG si ENG SI ENG SI

F 1.785 562.2 0.037 11.78 1153.5 623.4 75.73 42.070 580.3 304.9 0.597 0.3 .8885 .0333G 1.772 558.1 0.045 14.31 1272.2 689.3 47.47 26.372 633.4 334.4 24.747 13.7 1.08 7 4 . 0382E6 1.743 549.1 0.000 0.00 1136.8 614.1 0.00 0.000 580.3 304.9 0.597 0.3 .8272 . 0320E7 1.791 564.2 0.037 11.52 1099.6 593.4 8.63 4.793 580.3 304.9 0.597 0.3 .846 3 . 0324E8 1.784 561.9 0.047 14.72 1078.2 581.5 97.65 54.251 580.3 304.9 0.597 0.3 .871 4 . 0329F 1 1. 756 553.3 0.051 15.92 1152.2 622.6 37.24 20.6 87 580.3 304.9 0.597 0.3 .9206 . 0342F2 1.775 559.1 0.024 7.47 1196.0 647.0 38.23 21.238 580.3 304. 9 0.597 0.3 .9458 . 0349
F3 1.755 552.9 0.055 17.42 1209.6 654.6 49.83 27.682 580.3 304.9 0.597 0.3 .9709 . 0357F4 1.699 535.2 0.063 19.74 1082.6 584.0 66.82 37. 123 580.3 304.9 0.597 0.3 . 9940 . 0363
F5 1.725 543.4 0.063 19.97 1128.3 609.4 49.51 27.505 584.3 307.1 20.798 11.6 1.0111 . 0366F6 1. 750 551.2 0.047 14.86 1195.2 646.6 38.82 21.565 594.9 313.1 21.457 11.9 1.029 1 . C370F7

FE

1. 748

1.762

550.5

555.1

0.040

0.050

12.62

15.83

1209.3

1254.5

654.4

679.5

39.90

45.22

22. 166

25.125

605. 8

622.6

319. 1

32 8.4

24.173

24.543

13.4

13.6

1.0462

1.0703

. 03 73

. C378

NCMENCLATURE
Test I

ENG SI T/C Leve•1 (# wet 'T/C)/(Total li T/C)
C
SCO
TSRF

BTU/H
BTU/H
DEG F

£1**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

npc r

E2

E3

All wet

6/7
SOTSRF: DEG F DEG C E6 1/2
TF
LTF

DEG F
DEG F

DEG
DEG

C
C

E7

E8

F

2/4
3/S

All dry

in
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BCD
NO

LEVEL G

1
3

14
16
16
18
18
18
20
20
20
21
32
34
37
38
42
42
45
45
45
47
50
58
60
64
64

1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09
1.09

TSURF
DEG F

1281.9
1278.9
1208.6
1317.6
1330.2
1262.7
1241.0
1267.4
1157.9
1239.9
1247.8
1220.3
1299.7
1322.1
1217.6
1249.7
1304.5
1325.1
1242.1
1244.0
1245.5
1249. 7
1323.7
1332.6
1300.7
1338.6
1346.2

0 X 1E-5
BTU/H FT**2

1.81
1.85
1.76
1.76
1.76
1.78
1.78
1.78
1.80
1.80
1.80
1.69
1.80
1.82
1.75
1.75
1.79
1.79
1.78
1.78
1.78
1.76
1.77
1.82
1.75
1.76
1.76

********** STEADY STATE TEST J m„mmnt

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F -----

HDB

257.5
264.9
279.7
238.8
234.8
261.0
269.6
2 59.3
311.4
272.7
269.5
264.4
250.1
244. 9
274.2
261.6
247.3
240.4
269.3
268.6
268.0
262.2
237.4
241.5
242.4
231.9
229.6

15.25
15.43
17.13
14.14
13.78
15.17
15.83
15.05
18.14
16.33
15.82
15.23
14.63
14.39
16.08
15.35
16.70
14.10
16.06
15.94
15.87
15.51
13.77
14.16
14.49
13.46
13.34

2 78.6
286.7
305.5
2 57.4
2 52.7
283.1
293.2
281.0
343.0
296.6
292.8
288.4
270.0
263.8
299.1
284.1
266.9
258.9
292.8
291.9
291.2
284.8
255.7
259.9
261.7
249.4
246.7

19.8
20.1
23.2
18.0
17.5
20.0
21.1
19.8
25.9
21.7
21.0
20.7
18.8
18.3
21.8
20.4
21.0
17.9
21.3
21.2
21.1
20.5
17.5
17.9
18.6
17.0
16.8

461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3
461.3

HC °-

btu/h'ft**2 f

237.0
2 37.2
241.7
235.1
234.5
238.1
239.5
2 37.8
245.8
239.5
239.0
240.9
236.0
234.9
241.1
238.9
235.8
234.8
239.4
239.3
239.2
238.9
234.8
234.4
236.0
234.1
233.8

QGD X IE-"?
3TU/H FT**2

1.644
1.636
1.461
1.737
1.769
1.596
1. 541
1.608
1.335
1.538
1.559
1.488
1.690
1.748
1.483
1.564
1.703
1.755
1.544
1. 549
1.553
1.564
1.752
1.7 74
1.693
1.790
1.810
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ROD
NO

LEVEL F5

21
60

1.01
1.01

LEVEL F6

1
17
37
38
50
60

1.03
1.03
1.03
1.03
1.03
1.03

LEVEL F7

14
17
21
37
38
50
60

1.05
1.05
1.05
1.05
1.05
1.05
1.05

LEVEL F8

1
17
21
34
37
50
60

1.07
1.07
1.07
1.07
1.07
1.07
1.07

TSURF
DEG F

1080.8
11 79. 6

1216.1
1180.2
1149.2
1159.5
1240.5
1245.6

1174.5
1211.5
1175.2
1177.5
1196.8
1267.4
1273.3

1281.7
1226.9
1205.2
1299.8
1206.2
1302.9
1299.5

Q X 1E-5
BTU/H FT**2

1.78
1.74

1.80
1.78
1.75
1.75
1.77
1.74

1.76
1.78
1.78
1.75
1.75
1.77
1.74

1.81
1.78
1.78
1.82
1.75
1.77
1.74

********** STEADY STATE TEST I **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F HOB

355.1 20.80 358.0 25.8 584. 1
290.9 17.07 292.8 20.0 584.1

283.7 17.45 290.4 20.6 546.6
297.2 17.50 304.6 21.2 546. 6
307.2 18.12 315.3 22.3 546.6
302.3 17.67 310.1 21.7 546.6
267.4 15.69 273.5 18.5 546.6
262.0 15.28 267.9 18.0 546.6

295.7 17.75 309.0 22.9 516.9
2 82.4 16.43 294.3 20.9 516.9
298.8 17.35 312.2 22.6 516.9
292.6 17.21 305.7 22.3 516. 9
284.0 16.52 296.2 21.2 516.9
257. 1 15.06 267.0 18.5 516.9
251.6 14.66 261.2 18.0 516.9

257.5 15.15 2 74.1 19.2 480. 2
2 75.8 15.96 295.1 21.0 480.2
284. 5 16.45 305.2 22.0 480.2
252.6 14.92 268.4 18.7 4 80. 2
279.3 16.30 299.5 21.7 480.2
244.4 14.24 259.6 17.9 480. 2
242.5 14.07 2 57.6 17.7 480.2

HCB
BTU/H FT**2 F

250 .3
240 .2

238 .3
^41 ,.1
243 .7
242,.8
A-Sft.. J
236,.4

242,,3
2 39,.5
242..3
242,,1
240.,6
JM5. 9
235.,5

236. 3
239. 7
^41 . ?
2 35. 3
241. 1
X3 5. 1
235. 3

QGD X 1E-5
BTU/H FT**2

1 .248
1 .486

1,.552
1 .462
1 .388
I .413
1, .6 11
1, .625

1..426
1., 51H
1..428
1.,434
1.,4H2
1.,658
1.,fr 11

1. 664
1. 526
1. 4/1
1. M 1
1. 474
1. M9
1. /10

in
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STEADY STATE_TEST_J

FLUI D CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS

NOMENCLATURE

HCB - CONDI E-BENGSTON HEAT TRANSFER COEFFICIENT
HDR - DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
EnS nniir-AI I-ROHSENOW HEAT TRANSFER COEFFICIENTHORPW - DOUGALL-RoKsENOW HEAT TRANSFER COEFFICIENT,

- EXPERIMENTS: ^TRANSFER COEFFICIENT
- EXPERIMENTALLHEAT TRANSFER COEFFICIENT
- GROENEVELDSsT7 HEAT TRANSFER COEFFICIENT
- GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT

I So%SL"?TDCNkER^AKDAAJDFDEVIATION OF THE
- ^5miE?!?SSSr^SNOAR0 DEVIATION OF THE

BULK VAPCR TEMPERATURE

HEXP

HEXPS

HG57
HG5S
C
QGD

SDTSRF

SDO

TSAT
TSRF(TSURF)
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

SATURATION TEMPERATURE
SURFACE TEMPERATURE
EQUILIBRIUM FLUID TEMPERATURE
UNCERTAINTY, DOUGALL-ROHSENOW HEAT

UNC^TAI-NT^HXP^MENTAL HEAT TRANSFER
UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER

UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT

UNCERTAINTY, EQUILIBRIUM FLUID
TEMPERATURE
UNCERTAINTY, QUALITY
QUALITY
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********** STEADY STATE TEST J

PRIMARY LEVELS

**********

PCD
NO

TSURF 0 X 1E-5
DEG F BTU/H SOFT

HEXP UHEXP HDP. UHDR HDRPW HG57 UHG5J . HG59
BTU/H SQFT F BTU/H SQFT F

LEVEL E

2 0.49 1238.7 2.47 405.9 25.09 904.3 21.98 632.2 402.8

4 0.49 1184.8 2.50 451.8 27.63 904.3 21.98 634.7 407.8

7 0.49 1189.6 2.40 429.8 27.13 904.3 21.98 634.4 407.3

7 0.49 1193.5 2.40 426.8 26.69 904.3 21.98 634. 2 406.9

10 0.49 1211.7 2.45 421.7 25.71 904.3 21.98 633.3 40 5.2

12 0.49 1194.4 2.49 441.6 27.50 904.3 21.98 634.2 406.8

13 0.49 1213.9 2.47 424.4 27.03 904.3 21.98 633. 2 405 .0

13 0.49 1214.4 2.47 424.0 26.42 904.3 21.98 633. 2 404.9

15 0.49 1205.5 2.59 450. 8 27.97 904.3 21.98 633.6 405. 7

15 0.49 1216.8 2.59 442. 1 27.10 904.3 21.98 633. 1 404. 7

16 0.49 1195.1 2.42 429. 1 26.41 904.3 21.98 634. 1 406. 8

16 0.49 1188.1 2.42 434.5 26.70 904.3 21.98 634. 5 407. 5

18 0.49 1065.7 2.43 559.8 37.67 904.3 21.98 643.0 424.9

20 0.49 1179.3 2.47 449.9 27.77 904.3 21.98 635.0 408.4

20 0.49 1194.2 2.47 437.9 27.41 904.3 21.98 634. 2 406. 9

26 0.49 1155.2 2.46 470.3 28.85 904.3 21.98 636.3 411.2

26 0.49 1185.6 2.46 444.5 26.94 904.3 21.98 634.6 407. 7

26 0.49 1176.0 2.46 452.3 27.60 904.3 21.98 635. 1 408. 8

28 0.49 1087.5 2.41 528. 7 33.01 904.3 21.98 641. 1 420.9

28 0.49 1088.3 2.41 527.8 34.47 904.3 21.98 641.0 420. 8

29 0.4 9 1115.8 2.43 502.0 30.75 904.3 21.98 638.9 416.4

?9 0. 49 1114.7 2.43 503.1 31.67 904.3 21.98 639.0 416.6

29 0.49 1116.6 2.43 501.1 30.96 904.3 21.98 638. 8 416.3

30 0.49 1194.1 2.42 429.1 26.01 904.3 21.98 634. 2 406.9

30 0.49 1204.9 2.42 421.0 25.65 904.3 21.98 633. 7 405. 8

31 0.49 1186.2 2.45 441.6 27.06 904.3 21.98 634.6 407. 7

33 0.49 1254.8 2.46 394.5 24.01 904.3 21.98 631. 5 401. 5

33 0.49 1237.0 2.46 406. 1 25.63 904.3 21.98 632. 2 402.9

33 0.49 1226.4 2.46 413.3 25.59 904.3 21.98 632.7 403.8

35 0.49 1207.1 2.47 429.4 27.38 904.3 21.98 633.6 405. 6

42 0.49 1171.5 2.44 451.5 29.92 904.3 21.98 635.4 409.3

44 0.49 1204.8 2.43 423.9 26.70 904.3 21.98 633. 7 40 5. 8

45 0.49 1172.9 2.48 457.5 29.04 904.3 21.98 635.3 409. 1

45 0.49 1200.4 2.48 435.4 27.73 904.3 21.98 633. 9 406.2

49 0.49 1205.4 2.45 426.6 26.05 904.3 21.98 633. 6 405. 8

49 0.49 1237.1 2.45 404.3 24.53 904.3 21.98 632. 2 402.9

49 0.49 1214.1 2.45 420.3 26.29 904.3 21.98 633. 2 404. 9

51 0.49 1169.6 2.48 459.7 29.34 904.3 21.98 635.5 409.5

51 0.49 1170.1 2.48 459.3 29.83 904.3 21.98 635. 5 409.4

53 0.49 1219.9 2.47 420. 1 26.49 904.3 21.98 633. 0 404.4

53 0.49 1206.3 2.47 430. 1 27.51 904.3 21.98 633. 6 405. 7

58 0.49 1234.9 2.48 411.2 25.15 904.3 21.98 632.3 403. 1

58 0.49 1231.0 2.48 413.8 26.45 904.3 21.98 632. 5 403. 4

59 0.49 1254.7 2.46 393.8 24.12 904.3 21.98 631. 5 401.5

59 0.49 1241.7 2.46 402.2 24.61 904.3 21.98 632.0 402. 5

59 0. 49 1235.2 2.46 406.5 24.92 904.3 21.98 632.3 403. 1

61 0.49 1186.5 2.43 438.3 26.92 904.3 21.98 634. 6 40 7.6

61 0.49 1191.8 2.43 434.2 26.40 904.3 21.98 634.3 40 7. 1

61 0.49 1195.5 2.43 431.3 26.05 904.3 21.98 634. 1 406.7

62 0.49 1265.9 2.45 385.9 22.98 904.3 21.98 631. 1 400.6

63 0.49 1253.1 2.49 400.3 23.88 904.3 21.98 631. 6 401.6

63 0.49 1255.2 2.49 399.0 24.25 904.3 21.98 631. 5 401. 4

64 0.49 1339.6 2.44 344.3 20.41 904.3 21.98 628. 7 39 5. 8

64 0.49 1308.9 2.44 359.9 21.49 904.3 21.98 629. 6 397.6

LEVEL F

3 0.65 1213.7 2.53 433.7 26.64 1088.2 23.34 760. 1 460.9

4 0.65 1235.6 2.50 414.4 25.04 1088.2 23.34 759.0 45 8. 7

7 0.65 1231.5 2.40 400.1 25.15 1088.2 23.34 759.2 459. 1

7 0.65 1214.3 2.40 411.9 25.41 1088.2 23.34 760. 1 460.9

10 0.65 1173.7 2.45 451.0 29.15 1088.2 23.34 762. 5 465. 5

10 0.65 1171.3 2.45 453.0 29.58 1088.2 23.34 762.7 465. 8

10 0.65 1172.0 2.45 452.4 29.53 1088.2 23.34 762.6 46 5. 7

13 0.65 1185.7 2.47 446.0 27.57 1088. 2 23.34 761.7 464. 1

13 0.65 1174.9 2.47 454. 8 29.78 1088.2 23.34 762.4 46 5.4

15 0.65 1172.7 2.59 478.0 29.42 1088.2 23.34 762. 6 465.6

16 0.65 1206.2 2.42 421.2 26.06 1088.2 23.34 760.5 461. 7

17 0.65 1170.3 2.42 448.9 26.82 1088.2 23.34 762.7 466.0

18 0.65 1106.7 2.43 511.9 32.97 1088.2 23.34 767.7 475. 5

20 0.65 1156.1 2.47 469.7 28.37 1088. 2 23.34 763. 7 ^6 7.8

21 0.65 1085.8 2.44 536.3 39.00 1088.2 23.34 769.7 479.4

7.17 363.5
7.28 368.2
7.32 367.8
7.29 367.4
7.20 365.7
7.2 8 367.3
7.27 365.5
7.23 365.5
7.25 366.3
7.20 365.3
7.26 367.2
7.28 367.9
8.09 384.4
7.31 368.8
7.29 367.3
7.37 371.4
7.26 368.2
7.30 369.1
7.69 380.7
7.83 380.5
7.50 376.4
7.58 376.5
7.52 376.3
7.24 367.3
7.22 366.3
7.28 368.1
7.11 362.2
7.20 363.6
7.19 364.5
7.29 366.1
7.47 369.6
7.27 366.3
7.38 369.5
7.30 366.7
7.22 366.3
7.14 363.6
7.24 365.5
7.40 369.8
7.43 369.8
7.24 365.0
7.29 366.2
7.16 363.8
7.23 364.1
7.12 362.3
7.15 363.2
7.16 363.8
7.28 368.1
7.25 367.6
7.2 3 367.2
7.07 361.4
7.09 362.4
7.11 362.2
6.96 356.9
7.01 358.6

6.68 431.7
6.60 429.5
6.68 429.9
6.69 431.6
6.93 436.2
6.96 436.5
6.96 436.4
6.77 434. 8
6.96 436.1
6.80 436.3
6.71 432.5
6.73 436.6
7.23 446.0
6.80 438.5
7.96 449.9

UHG59 HCB CGD X 1E-5
BTU/H SOFT

8.41 369.7 1 .717
8.53 378.0 1.573
8.56 377.2 1.586
8.54 376.5 1.595
8.46 373.6 1.644
8.53 376.4 1 .598
8.50 373.3 1 .650
8.48 3 73.2 1.652
8.49 3 74.6 1 .628
8.45 372.8 1.658
8.51 376.3 1.600
8.53 377.5 1.5 82
9.30 406.9 1.260
8.56 3 79.0 1.559
8.54 376.4 1 .597
8.63 383.6 1.495
8.52 377.9 1 .575
8.56 379.6 1.550
8.96 400.1 1 .317
9.06 399.9 1.319
8.78 392.4 1.392
8.84 392.7 1.389
8.79 392.2 1.393
8.50 376.4 1 .597
8.48 3 74.7 1.6 26
8.53 377. 8 1.577
8.36 367.6 1.761
8.43 369.9 1.713
8.44 371.4 1.684
8.52 374.3 1.632
8.69 380.4 1.538
8.52 374.7 1.626
8.62 380.2 1.542
8.54 375.4 1.614
8.48 374.6 1.627
8.39 3 69.9 1.713
8.48 3 73.3 1.651
8.64 380.8 1.533
8.67 380.7 1.535
8.48 372.4 1 .666
8.53 374.5 1.630
8.41 3 70.2 1.707
8.46 370.8 1 .697
8.37 367.6 1.761
8.39 369.3 1.7 26
8.41 370.2 1 .708
8.54 377.7 1.578
8.51 376.8 1.592
8.49 376.2 1.601
8.32 366.2 1.791
8.35 367.8 1 .757
8.36 367.5 1.762
8.20 358.3 1 .995
8.25 361.3 1 .909

8.03 395.5 2.041
7.95 392.1 2.114
8.02 392.7 2.100
8.04 395.4 2.04J
8.26 402.6 1.911
8.29 403.0 1.903
8.29 402.9 1.905
8.12 400.3 1.949
8.28 402.3 1.914
8.16 402.8 1 .908
8.06 396. 7 2.016
8.11 403.2 1.900
8.57 413.2 1.693
8.17 406.2 1.853
9. 19 424.4 1.625
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POD
NO

LEVEL El

1
38
50

0.52
0.52
0.52

LEVEL E2

21 0.53
60 0.53

LEVEL E3

17
34
37
38
5C
60

0.56
0.56
0.56
0.56
0.56
0.56

LEVEL E6

60 0.60

LEVEL E7

1
34
37
50

0.62
0.62
0.62
0.62

LEVEL E8

1
34
37
38

0.64
0.64
0.64
0.64

LEVEL Fl

17
21
34
37
50

0.68
0.68
0.68
0.68
0.68

LEVEL F2

1
14
17
34
38
50

0. 70
0.70
0.70
0.70
0.70
0.70

LEVEL F3

14
17
21
34
60

0.72
0.72
0.72
0.72
0.72

LEVEL F5

60 0.76

LEVEL F6

1 0.77
17 0.77
3ft 0.77
50 0.77
60 0.77

********** STEADY STATE TEST J

INTERMEDIATE LEVELS

**********

TSURF Q X IE-5
DEG F BTU/H SQFT

HEXP UHEXP HDR
BTU/H SQFT F

UHDR HDRPW HG5_f ^ZbTU/ H SQFTUHG57 HG59

1277.5
1240.8
1173.5

1229.0
1261.0

1248.2
1242.5
1214.5
1269.0
1217.4
1288.0

1162.2

1201.1
1116.9
1139.2
1095.5

1211.9
1142.9
1177.3
1169.1

1194.0
1131.1
1173.5
1209.8
1160.4

1235.0
1168.5
1196.0
1192.3
1220.8
1172.3

1180.6
1188.6
1163.0
1212.9
1189.5

1035.9

1114.0
1085.7
1038.5
1044.0
1079.2

2.46
2.45
2.41

2.44
2.43

2.42
2.48
2.44
2.45
2.41
2.43

2.43

2.46
2.48
2.44
2.41

2.46
2.48
2.44
2.45

2.42
2.44
2.48
2.44
2.41

2.46
2.43
2.42
2.48
2.45
2.41

2.43
2.42
2.44
2.48
2.43

2.43

2.46
2.42
2.45
2.41
2.43

379.9
401.7
444.8

407.8
385.9

392.3
405.4
419.2
383.9
411.5
370.0

457.7

430.9
510.3
481.3
519.6

422.9
484.4
447.7
455.2

430.0
487.7
457.0
422.6
455.8

407.0
452.0
428.7
441.9
415.5
446.0

441.9
434.2
458.5
426.1
435.3

600.5

23.79
24.14
28.39

24.16
23.99

25.03
26.50
25.44
22.91
26.96
22.75

28.38

27.55
33.85
29.77
33.50

26.88
31.51
27.41
27.70

25.58
30.26
29.33
25.65
27.81

24.84
30.38
25.47
28.13
25.02
27.35

28.27
25.92
27.44
27.00
28.66

39.20

934.3
934.3
934.3

22.26
22.26
22.26

649.6
651. 1
654.4

409.4
412.3
418.8

955.7
955.7

22.53
22.53

666.6
665.2

420.1
417.3

980.7
980. 7
980.7
980.7
980.7
980.7

22.92
22.92
22.92
22.92
22.92
22.92

682.9
683.2
684.5
682.1
684.4
681.3

426.1
426.6
429.2
424.4
42 8.9
423.0

1032.9 23.13

1050.2
1050.2
1050. 2
1050.2

1072.9
1072.9
1072.9
1072.9

1116.9
1116.9
1116.9
1116.9
1116.9

1139.2
1139. 2
1139.2
1139.2
1139.2
1139.2

1161.4
1161.4
1161.4
1161.4
1161.4

23.15
23.15
23.15
23.15

23.24
23.24
23.24
23.24

23.61
23.61
23.61
23.61
23.61

23.88
23.88
23.88
23.88
23.88
23.88

24.21
24.21
24.21
24.21
24.21

1196.6 24.41

724.8

734.0
739.8
738.0
741.6

748.8
753.2
750.8
751.3

781.0
785. 5
782.3
780.1
783.2

794.5
798.6
796.7
797.0
795.3
798.3

812.8
812.3
814.0
810.7
812.2

852.9

450.9

451.4
46 2.6
459.2
46 6.3

456.8
465.3
460.7
461. 7

471.0
479.5
473.5
469.2
475.2

472.5
480.2
476.7
477.2
474.0
479. 7

484.4
483.4
486.7
480.5
483.3

521.0

508.6 35.84 1212.4
532.5 33.88 1212.4
601.2 38.28 1212.4
584.4 38.54 1212.4
542.5 34.69 1212.4

24.40
24.40
24.40
24.40
24.40

854.9
857.9
863.9
863.1
858.6

507.2
512.7
524.2
522.7
514.1

7.06
7.07
7.34

371.8
374.6
380.9

7.05
7.06

383.5
380.9

7.12
7.17
7.11
6.98
7.24
6.99

391.0
391.5
394.0
389.4
393.7
388.0

7.09

6.95
7.42
7.08
7.43

6.81
7.13
6.83
6.84

6.56
6.88
6.82
6.57
6.72

6.46
6.93
6.49
6.68
6.47
6.64

6.68
6.47
6.54
6.55
6.73

7.56

418.5

420.1
431.0
427.7
434.6

42 6.7
435.1
430.6
431.6

443.3
451.7
445.8
441.5
447.5

446.1
453.6
450.2
450.6
447.5
^53.1

459.0
458.0
461.3
455.2
457.9

497.3

7.21 484.3
6.89 489.9
7.27 501.4
7.47 499.9
6.96 491.3

UHG59 HCB

8.32
8.36
8.61

368.0
372.7
383.4

8.37
8.35

377.0
372.6

8.43
8.47
8.45
8.31
8.55
8.31

377.3
378.0
382.1
374.6
381.7
372.3

8.45 398.0

CGD X 1E-5
BTU/H SOFT

1.882
1.778
1.593

1.789
1.882

1.898
1.881
1 .798
1 .960
1.807
2 .016

1.754

8.29
8.74
8.44
8.78

3 92.9
410.5
405.1
416.4

1.910
1 .647
1 .717
1 .581

8.15
8.46
8.19
8.20

393.8
407.0
399.9
401.4

1.996
1.773
1 .884
1.858

7.94
8.25
8.16
7.93
8.09

402.3
415.4
406.1
399.6
408.8

2.046
1 .835
1.976
2.100
1.932

7.82
8.24
7.87
8.02
7.83
8.00

398.3
409.9
404.7
405.4
400.5
409.2

2.247
2.014
2.110
2.097
2.197
2.027

8.02
7.85
7.93
7.90
8.06

410.2
408.7
413. 7
404.4
408.5

2.114
2.142
2.051
2.227
2.146

8.87 457.6 1.689

8.46 432.2 2.013

8.22 440.7 1.908

8.60 458.6 1.735

8.76 456.2 1 .756

8.29 442.9 1.884
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********** STEADY STATE TEST K **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX I..66 3E+0 5 LBM/SOFT H UNC. MASS FLUX 3.686E«-03 LBM/SOFT H PRESSURE 634. 8 PS I UNC. PRESSURE 6.00 PSI

225.73 KG/SQM S 5.0023 KG/SQM S 4.38 MPA 0.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.432 451.0 0.029 9.07 1198.3 648.3 108.90 60.500 49 2.3 256.0 1.042 0.6 .8918 . 0335

G 1.422 447.9 0.037 11.73 1402.2 761.6 37.65 20.918 597.6 314.6 43.002 23.9 1.1010 .0386

E7 1.441 453.9 0.029 9.20 1132.1 611.5 28.57 15.871 492.3 256.0 1.042 0.6 .8475 .0325

E6 1.462 460.4 0.000 0.00 1230.1 665.9 0.00 0.000 49 2.3 256.0 1.042 0.6 .8739 . C331

Fl 1.411 444.4 0.042 13.36 1227.9 664.7 64.25 35.693 492.3 256.0 1.042 0.6 .9256 .0344

F2 1.419 447.0 0.020 6.38 1273.1 689.8 46.28 25.710 492.3 256.0 1.042 0.6 .9520 . 0351

F3 1.411 444.3 0.046 14.55 1307.9 709.2 46.85 26.029 492.3 256.0 1.042 0.6 .9784 . C360

FA 1.364 429.8 0.054 17.11 1157.1 625.4 67.46 37.477 494.2 257.1 36.769 20.4 1.0027 .0366

F5 1.385 436.3 0.053 16.55 1236.9 669.7 43.41 24.119 512.5 267.3 33.027 18.3 1.0207 .0369

F6 1.409 443.7 0.042 13.09 1320.1 716.0 40.46 22.479 532.2 278.2 39.110 21.7 1.0397 . C373

F7 1.404 442.2 0.034 10.66 1347.3 731.1 42.91 23.839 550.7 288.5 39.933 22.2 1.0577 .03 76

F8 1.42G 447.4 0.043 13.44 1397.5 759.0 49.47 27.485 579.0 304.2 41.339 23.0 1.0831 .0382

NOMENCLATURE
Test K

ENG SI
T/C Level (# wet T/C)/(Total # T/C)

C BTU/H
SCO BTU/H
TSRF DEG F
SCTSRF OEG F
TF DEG F
UTF DEG F

FT**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

DEG C
DEG C
DEG C
DEG C

E3

E6

E7

E8

F

All wet

1/2
2/4
4/5

All dry

to
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RCO
NO

LEVEL E7

34
50

0.85
0.85

LEVEL E8

34 0.87

LEVEL Fl

17
21
34
37
38
50

0.93
0.93
0.9 3
0.93
0.93
0.93

LEVEL F2

I
14
17
34
38
50

0.95
0.95
0.95
0.95
0.95
0.95

LEVEL F3

14
17
21
34
60

98
98

,98
,98
,98

TSURF Q X 1E-5
DEG F BTU/H SOFT

1152.3
1111.9

1230.1

1118.6
1221.4
1310.0
1205.6
1216.7
1301.2

1237.0
1232.9
1245.0
1335.4
1260.5
1327.5

1265.2
1273.4
1280.0
1374.2
1359.2

1.46
1.42

1.46

1.43
1.43
1.46
1.40
1.40
1.42

1.41
1.41
1.43
1.45
1.40
1.41

1.41
1.43
1.43
1.46
1.40

HEXP

221.4
229.2

198. 1

229.1
195.6
178.7
196 . 7
193.8
175.6

189.0
190.6
189.8
172. 6
182.0
169.3

182. 6
183.7
181.1
165.7
161.8

********** STEADY STATE TEST K

INTERMEDIATE LEVELS

**********

UHEXP HDR
BTU/H SOFT F

UHDR HDRPW HG5jf ^^BTU/H SOFTUHG57 HG59 UHG59 HCB QGD X 1E-5
BTU/H SOFT

12.91
13.29

11.47

13.11
11.20
10.30
11.26
11.07
10.00

10.83
11.15
10.80
9.92

10.38
9.65

10.54
10.45
10.29
9.52
9.37

247.9
247.9

253.9

265.5
265.5
265.5
265. 5
265.5
265.5

271.
271.
271.
271.
271.
271.

277.2
277.2
277.2
277.2
277.2

5.45
5.45

5.48

5.59
5.59
5.59
5.59
5.59
5.59

5.67
5.67
5.67
5.67
5.67
5.67

5.80
5.80
5.80
5.80
5.80

209.2
209.6

213.6

224.2
223.3
222. 7
223.4
223.3
222.8

228.
228.
228.
227.
228.
227.

232.9
232.8
232.8
232.3
232.4

146.8
147.6

145.8

147.0
145.1
144.0
145.4
145.2
144.1

143.5
143.5
143.3
142.3
143.1
142.4

140.0
139.9
139.8
138.9
139.0

1.99
2.01

2.26

3.58
3.53
3.50
3.54
3.53
3.50

5.40
5.40
5.40
5.36
5.39
5.36

10.48
10.51
10.51
10.43
10.43

1?0.8 2.29 148.5 °'£°£
121Tl 2.30 150.0 0.560

119.7

120.0
118.5
117.5
118.7
118.5
117.6

116.4
116.4
116.3
115.4
116.1
115.4

112.3
112.3
112.2
111.''
111.5

2.63 146.9

16
11

,07
,12
,11
,08

6.14
6.14

13
,09
,13
,09

11.66
11.63
11.62
11.54
11.56

151.9
148.5
146.4
149.0
148.7
146.6

148.9
149.0
148.7
146.7
148.3
146.8

148.9
148. 7
148.5
146.7
147.0

0.739

0.666
0.804
0.928
0.783
0.798
0.915

0.871
0.865
0.882
1 .013
0.904
1.001

0.958
0.970
0.980
1.123
1.100

©



PCD
NC

LEVEL F4

60 1.00

LEVEL F5

21
60

1.02
1.02

LEVEL F6

1
17
37
38
5C
60

1.04
1.04
1.04
1.04
1.04
1.04

LEVEL F7

14
17
21
37
38
50
60

1.06
1.06
1.06
1.06
1.06
1.06
1.06

•EVEL F8

1
17
21
34
37
50
6C

1.08
1.08
1.08
1.08
1.08
1.08
1.08

TSURF
DEG F

1204.8

1199.1
12 84.3

1323.4
1295.6
1283.7
1288.4
1385.5
1366.2

1309.3
1330.6
1325.7
1319.8
1330.0
1424.7
1405.9

1389.8
1352.8
1366.0
1459.2
1351.0
1464.9
1440.5

Q X 1E-5
BTU/H FT**2

1.40

1.43
1.40

1.46
1.44
1.40
1.41
1.42
1.40

1.41
1.44
1.43
1.40
1.40
1.42
1.40

1.46
1.44
1.43
1.47
1.41
1.42
1.41

********** STEADY STATE TEST K **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS

196.9

UHEXPS HEXP UHEXP
BTU/H FT**2 F

11.29 197.4 15.3

HOB

281.9

201.8 11.50 207.8 15.6 269. 2
177.1 10.12 181.8 13.0 269.2

175.4 10.26 184.2 14.2 256.6
179.0 10.24 188.4 14.5 256.6
177.4 10.14 186.8 14.5 256.6
176.6 10.07 185.9 14.4 256.6
159.4 9.11 166.9 12.3 256.6
160.7 9.16 168.4 12.5 256.6

172.8 9.96 186.1 14.6 248.2
171.4 9.76 184.3 14.2 248.2
171.2 9.72 184.0 14.2 248.2
169.5 9.69 182.4 14.2 248.2
167.6 9.54 180.2 13.9 248.2
152.3 8.69 162.5 11.9 248.2
153.5 8.75 164.0 12.1 248.2

162.7 9.32 180.1 13.9 238.2
167.2 9.50 185.9 14.6 238.2
163.7 9.28 181.7 14.1 238.2
151.6 8.69 166.5 12.4 238.2
163.8 9.33 182.2 14.3 238.2
146.4 8.34 160.7 11.9 238.2
148.3 8.43 163.3 12.2 238.2

BTU/H FT**2

151.3

151 .8
149,.6

149,.3
149,.9
1 SO,.1
1 50,.n
148,.?
148 .5

1 50..1
149..6
149.7
149.,8
149.,6
148., !
148.,4

149. 3
1 44. 9

149.,7
14H.,4
149. 9
14H. 3
148. 6

QGD X 1E-5
BTU/H FT**2

0.918

0,. 891
1 .021

1..059
1, .016

0 .998
1,.(Kh
1,. 1 57
1..12?

1 .018
1., Obi
1., 04,-J
1.,0 3b
1,.(ISO
1.,?0?
1.,1 71

1.,115
1. 056
1. Of!
1. ?Vf>,
1. () 5 1
1. •/'iti
1. 198

to
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STEADY STATE TESTJ.

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS
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********************************************************************************************************************
********************************************************************************************************************

HCB
HDB
HDR
HDRPW

HEXP

HEXPS

HG57
HG59
C
QGD

SDTSRF

SDQ

TBULK

*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************
*******************************************************

NOMENCLATURE

CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
OITTUS-BOELTER HEAT TRANSFER COEFFICIENT
DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
COUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,
WALL PRANDTL NUMBER
EXPERIMENTAL HEAT TRANSFER COEFFICIENT
Q/(TSURF-TBULK»
EXPERIMENTAL HEAT TRANSFER COEFFICIENT
Q/(TSURF-TSATI
GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
HEAT FLUX
GROENEVELD-DELORME HEAT FLUX
CROSS-SECTICNAL STANDARD DEVIATION OF THE
SURFACE TEMPERATURE
CROSS-SECTIONAL STANDARD DEVIATION OF THE
HEAT FLUX
BULK VAPOR TEMPERATURE

TSAT
TSRFITSURF!
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

SATURATION TEMPERATURE
SURFACE TEMPERATURE
EQUILIBRIUM FLUID TEMPERATURE
UNCERTAINTY, DOUGALL-ROHSENOW HEAT
TRANSFER COEFFICIENT
UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY
UNCERTAINTY,
TEMPERATURE
UNCERTAINTY,
QUALITY

EXPERIMENTAL HEAT TRANSFE"

GROENEVELD 5.7 HEAT TRANSFER

GROENEVELD 5.9 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY

*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
*******************************************
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*******************************
*******************************
*******************************
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*******************************
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*******************************
*******************************
*******************************
*******************************
*******************************
*******************************
*******************************
*******************************
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********** STEADY STATE TEST L **********

LEVEL AVERAGE FLUID ANC SURFACE CONDITIONS
MASS FLUX 3 .882E+05 LBM/SOFT H UNC. MASS FLUX 8.711E*03 LBM/SOFT H PRESSURE 1202.5 PS I UNC. PR ESSURE 6.00 PSI

526.73 KG/SQM S 11.8214 KG/SQM S 8.30 MPA C.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX
ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 2.487 783.3 0.047 14.95 1229.7 665.7 92.74 51.5 23 567.4 297.8 0.621 0.3 .8214 . 0308
G 2.473 779.1 0.061 19.11 1313.1 712.1 44.80 24.889 570.5 299.5 19.280 10.7 1.0054 .0353
E3 2.464 776.1 0.049 15.38 1132.4 611.7 30.17 16.761 56 7.4 297.8 0.621 0.3 .7122 . 0284
E6 2.435 767.0 0.000 0.00 1213.0 656.4 0.00 0.000 567.4 297.8 0.621 0.3 .7647 . C296
E7 2.492 785.0 0.051 16.15 1202.6 650.7 13.93 7. 739 567.4 297.8 0.621 0.3 .7824 .0299
E8 2.476 779.8 0.046 14.44 1180.4 638.4 67.45 37.472 567.4 297.8 0.621 0.3 .8056 .0304
Fl 2.451 772.2 0.068 21.49 1251.2 677.7 36.51 20.284 567.4 297.8 0.621 0.3 .8512 . C316
F2 2.473 778.9 0.029 9.24 1270.6 688.5 47.08 26.155 567.4 297.8 0.621 0.3 .8744 . 0323
F2 2.449 771.6 0.075 23.62 1292.3 700.5 53.83 29.904 56 7.4 297.8 0.621 0.3 .8977 .0330
F4 2.373 747.4 0.088 27.73 1115.4 602.2 67.03 37.241 567.4 297.8 0.621 0.3 .9191 . 0336
F5 2.409 758.8 0.088 27.84 1164.9 629.7 49.20 27.334 567.4 297.8 0.621 0.3 .934 8 .0338
F6 2.446 770.5 0.067 20.98 1234.4 668.3 38.19 21.219 567.4 297.8 0.621 0.3 .9516 . 0341
F7 2.442 769.1 0.055 17.45 1251.1 677.6 37.52 20.846 567.4 297.8 0.621 0.3 .9674 . C345
F8 2.462 775.5 0.068 21.55 1294.4 701.7 44.50 24.725 567.4 297.8 0.621 0.3 .9896 .0350

KCPENCLATURE
Test L

ENG

BTU/H

SI

FT**2 X 1E5 KW/M**2

T/C Level (#

El

wet T/C)/(Total # T/Cl

C All wet
SDO BTU/H FT**2 X 1E5 KW/M**2 E2 1/3
TSRF DEG F
SCTSRF DEG F

DEG
DEG

C
c

E3 4/7
TF DEG F OEG C E6 1/2
UTF DEG F DEG c E7

E8

F

2/4
2/5

All dry

-4
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********** STEADY STATE TEST L **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

NO
X TSURF

DEG F
Q X 1E-5

BTU/H FT**2
HEXPS UHEXPS HEXP UHEXP HDB HCB

BTU/H FT**2 F
OGD X 1E-5

BTU/H FT**?

LEVEL G

1
3
14
16
16
18
18
18
20
20
20
21
32
34
37
38
42
42
45
45
45
47
50
58
60
64
64

1.01
1.01
1.01
I.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
I.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01

1330.4
1316.9
1259.1
1348.5
1372.0
1285.9
12 70.6
1296.1
1212.0
1299.9
1302.7
1263.8
1348.4
1358.5
1261.2
1283.3
1339.5
1364.4
1288.3
1285.1
1290.0
1289.4
1362.6
1366.0
1340.8
1377.6
1387.4

2.52
2.59
2.46
2.45
2.45
2.48
2.48
2.48
2.51
2.51
2.51
2.39
2.51
2.53
2.45
2.46
2.49
2.49
2.48
2.48
2.48
2.46
2.46
2.54
2.43
2.45
2.45

330.4
345.0
356.1
314.3
305.1
345.5
353.0
340.6
390.1
343.3
342.0
343.4
321.3
319.6
353.0
343.5
322.8
312.7
344.5
346.1
343.7
340.1
308.8
317.5
314.8
302.3
298.7

20.17
20.51
22.92
19.30
18.40
20.48
21.25
20.18
23.04
21.19
20.57
20.00
19.21
19.31
21.16
20.70
24.36
18.85
21.19
21.18
20.95
20.74
18.25
19.14
19.62
17.89
17.71

331.7
346.4
357.6
315.5
306.2
346.9
354.5
342.1
392.0
344.7
343.4
344.9
322.5
320.8
354.5
345.0
324.0
313.9
346.0
347.5
345.2
341.6
310.0
318.7
316.1
303.4
299.8

22.0
22.5
25.2
20.9
19.9
22.6
23.5
22.2
26.0
23.2
22.6
22.3
20.9
20.9
23.5
22.8
25.8
20.4
23.3
23.3
23.0
22.8
19.8
20.7
21.3
19.4
19.2

719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9
719.9

302.7
303.5
307.3
301.7
300.5
305.5
306.5
304.8
311.1
304.6
304.4
307.0
301.7
301.2
307.2
305.6
302.2
300.9
3 05.3
305. 5
305.2
305.2
301.0
300. 8
302.2
300.3
299.8

2.688
2.640
2.436
2.752
2.837
2.530
2.476
2.566
2.2 73
2.579
2.589

.452

.752

.788

.443

.521
_. 720
2.809
2.538
2.527
2. 544
2.542
2.803
2.815
2.725
2. 857
2.892



RCO
NO

LEVEL E3

34 0.71
50 0.71
60 0.71

LEVEL E6

60 0. 76

LEVEL E7

34 0.78
50 0.78

LEVEL E8

34
37
38

0.81
0.81
0.81

LEVEL Fl

17
21
34
37
38
50

0.85
0.85
0.85
0.85
0.85
0.85

LEVEL F2

1
14
17
34
38
50

0. B7
0.87
0.87
0.87
0.87
0.87

LEVEL F3

14
17
21
34
60

0.90
0.90
0.90
0.90
0.90

LEVEL F4

60 0.92

LEVEL F5

21
60

0.93
0.93

LEVEL F6

1
17
37
38
50
60

0.95
0.95
0.95
0.95
0.95
0.95

LEVEL F7

17
21
37
38
50
60

0.97
0.97
0.97
0.97
0.97
0.97
0.97

TSURF Q X 1E-5
DEG F BTU/H SOFT

HEXP

1106.0
1126.0
1165.3

1213.0

1212.5
1192.8

1248.0
1113.1
1180.2

1226.8
1192.1
1289.0
1234.1
1260.7
1296.2

1248.5
1189.9
1268.6
1315.1
1289.3
1312.4

1230.0
1274.0
1243.4
1357.2
1352.7

1162.8

1115.9
1214.3

1249.4
1216.1
1197.3
1191.6
1285.6
1280.8

1221.3
1249.1
1218.2
1222.3
1234.8
1312.5
1305.7

2.52
2.45
2.43

2.43

,53
.46

2.53
2.44
2.45

2.49
2.48
2.53
2.44
2.45
2.46

2.46
2.46
2.48
2.53
2.45
2.46

2.46
2.49
2.48
2.53
2.43

2.43

2.48
2.43

2.52
2.49
2.45
2.46
2.46
2.44

2.46
2.49
2.48
2.44
2.46
2.46
2.44

467.7
438.0
405.8

377.2

391.9
392.7

371.5
447. 9
400.6

376.9
397.2
350.4
366.6
354.1
337.0

360.7
394.9
354.4
338. 1
340.0
329.6

370.7
351. 8
367.1
320.1
310.1

409.0

452.4
376.4

370.0
383.7
388.2
393.7
342.7
341.7

375.9
365.0
381.5
373.3
368.0
329. 8
330.0

********** STEADY STATE TEST L

INTERMEDIATE LEVELS

**********

UHEXP HDR
BTU/H SOFT F

UHDR HDRPW HG57

31.52
29.10
25.22

22.71

24.55
23.99

22.98
27.29
23.94

22.10
23.92
21.48
21.86
20.92
19.85

21.64
25.62
20.68
20.59
20.03
19.49

22.97
20.57
21.49
19.41
19.32

24.80

26.95
22.62

24.10
23.18
23.46
23.50
20.57
20.36

23.40
21.61
22.47
22.48
21.82
19.78
19.66

578.3 12.63 459.6 300.1
578.3 12.63 458.9 298.7

578.3 12.63 457.8 296.4

609.4 12.77

619.7
619.7

633.2
633.2
633.2

659.6
659.6
659.6
659.6
659.6
659.6

672.9
672.9
672.9
672.9
672.9
672.9

686.2
686.2
686.2
6 86.2
686.2

12.79
12.79

12.85
12.85
12.85

13.10
13.10
13.10
13.10
13.10
13.10

13.28
13.28
13.28
13.28
13.28
13.28

13.50
13.50
13.50
13.50
13.50

698.4 13.65

707.3
707.3

716.7
716.7
716.7
716.7
716.7
716.7

725.6
725.6
725.6
725.6
725.6
725.6
725.6

13.63
13.63

13.63
13.63
13.63
13.63
13.63
13.63

13.68
13.68
13.68
13.68
13.68
13.68
13.68

481.0

488.9
489.3

498.7
502.4
500.3

519.7
520.6
518.4
519.6
519.0
518.2

530. 1
531.6
529.7
528.7
529.2
528. 8

541.0
539.9
540.6
538.4
538.4

552.3

561.2
558.0

564.7
565.5
566. 1
566.2
563.8
563.9

572. 1
571.4
572.2
572.1
571. 7
569.9
570.1

302.1

304.5
305.5

305.9
313.3
309.1

311.7
313.4
309.1
311.3
310.2
308.8

312.6
315.4
311.8
310.1
311.0
310.2

314.8
313.0
314.2
310.1
310.2

319.1

322.2
316.4

314.3
315.8
316.7
317.0
312.8
313.0

314.2
312.9
314.3
314.1
313.6
310.5
310.7

UHG57 HG59
BTU/H SOFT F

4.10
4.04
3.90

3.65

3.64
3.63

3.56
3.69
3.59

3.62
3.67
3.61
3.62
3.60
3.57

3.80
3.93
3.77
3.77
3.76
3.75

4.22
4.14
4.17
4.11
4.13

4.96

5.94
5.82

7.76
7.77
7.80
7.80
7.69
7.69

15.66
15.86
15.93
15.81
15.87
15.74
15.77

277.4
276.1
273.9

280.9

283.6
2 84.6

285.4
292.6
288.6

291.7
293.3
289.1
291.3
290.2
288.9

29 2.7
295.4
291.9
290.2
291.1
290.3

294.8
293.0
294.2
290.2
290.3

298.8

301.5
295.8

293.
294.
295.
295.
291.
292.

29 2.3
291.1
292.5
292.3
291.7
288.8
289.0

UHG59 HCB CGD X 1E-5
BTU/H SOFT

4.77 296.9 1 .162
4.72 294.5 1.209

4.59 290.4 1.303

4.36 290.7 1.538

4.35
4.35

292.1
293.8

1.5 80
1.528

4.30
4.44
4.34

291.3
304.0
296.9

1.738
1.371
1.552

4.49
4.54
4.47
4.50
4.47
4.44

296. 7
299.6
292.3
296. 1
294.2
291. 8

1 .805
1.706
1.989
1.826
1.905
2.010

4.80
4.91
4.76
4.75
4.75
4.74

297.0
301.7
295.6
292.7
294.2
292.8

1.944
1.768
2.004
2.148
2.068
2.139

5.40
5.33
5.36
5.29
5.30

300.3
297.1
299.2
292.2
292.5

1 .961
2.099
2.003
2.361
2.347

6.44

7.75
7.60

9.95
9.99

10.02
10.02
9.88
9.88

15.66
15.59
15.66
15.65
15.62
15.46
15.47

308.0

314.7
304.5

303.1
305.7
307.4
307.9
300.6
300.9

306.5
304.3
306.8
306.4
305.4
300.1
300.5

1.821

1.732
2 .037

2.211
2.103
2.042
2.024
2.331
2.315

2.178
2.270
2.168
2.182
2.223
2.480
2.457

to

ON



********** STEADY STATE TEST L

INTERMEDIATE LEVELS

**********

ROD
NO

X

F8

0.99
0.99
0.99
0.99
0.99
0.99
0.99

TSURF
DEG F

1330.8
1256.3
1246.5
1329.6
1251.2
1344.9
1337.4

Q X 1E-5
BTU/H SOFT

2.52
2.49
2.49
2.53
2.45
2.46
2.44

HEXP UHEXP HDR
BTU/H SOFT

UHDR
F

HDRPW HG57 UHG57 HG59
BTU/H SOFT F

UHG59 HCB CGD X 1E-5
BTU/H SQFT

LEVEL

1
17
21
34
37
50
60

330.8
361.4
366.1
332.3
358.1
316.4
316.8

19.97
21.27
21.45
20.2 8
21.30
18.83
18.72

738. 1
738.1
738. 1
738. 1
738. 1
738.1
738.1

17.74
17.74
17.74
17.74
17.74
17.74
17.74

579.8
581.4
581.6
579.8
581.5
579.5
579.6

304.7
307.4
307.8
304.8
307.6
304.3
304.5

15.85
16.03
16.06
15.81
15.98
15.89
15.93

281.0
283.6
284.0
281.0
2 83.8
280.6
280.8

20.58
20.72
20.74
20.62
20.79
20.48
20.47

300.8
305.6
306.4
300.9
306.0
300.1
300.5

2 .644
2.3 86
2.354
2.640
2.370
2.693
2.667
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STEAOY STATE TEST M

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS

**********************************************
**********************************************
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**********************************************
**********************************************
**********************************************
**********************************************
**********************************************
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*********************************************************************************************************************** *****„
*****************************************************************************************************************************
*****************************************************************************************************************************
*****************************************************************************************************************************
*****************************************************************************************************************************

NOMENCLATURE

HCB - CONOIE-BENGSTON HEAT TRANSFER
HOB - DITTUS-BOELTER HEAT TRANSFER
HDR - DOUGALL-ROHSENOW HEAT TRANSFE
HDRPW - DOUGALL-ROHSENOW HEAT TRANSFE

WALL PRANDTL NUMBER
HEXP - EXPERIMENTAL HEAT TRANSFER CO

Q/.TSURF-TBULKI
HEXPS - EXPERIMENTAL HEAT TRANSFER CO

Q/(TSURF-TSAT)
HG57 - GROENEVELD 5.7 HEAT TRANSFER
HG59 - GROENEVELD 5.9 HEAT TRANSFER
C - HEAT FLUX
QGD - GROENEVELD-DELORME HEAT FLUX

SDTSRF - CROSS-SECTICNAL STANDARD DEVI
SURFACE TEMPERATURE

SDO - CROSS-SECTIONAL STANDARO OEVI
HEAT FLUX

TBULK - BULK VAPOR TEMPERATURE

COEFFICIENT
COEFFICIENT
R COEFFICIENT
R COEFFICIENT,

EFFICIENT

EFFICIENT

COEFFICIENT
COEFFICIENT

ATION OF THE

ATION OF THE

TSAT
TSRF(TSURF)
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

SATURATION TEMPERATURE
SURFACE TEMPERATURE
EQUILIBRIUM FLUID TEMPERATURE
UNCERTAINTY, DOUGALL-ROHSENOW HEAT
TRANSFER COEFFICIENT
UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY,
COEFFICIENT
UNCERTAINTY
UNCERTAINTY,
TEMPERATURE
UNCERTAINTY,
QUALITY

EXPERIMENTAL HEAT TRANSFER

GROENEVELD 5.7 HEAT TRANSFER

GROENEVELD 5.9 HEAT TRANSFER

EQUILIBRIUM FLUID

QUALITY
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PASS FLUX 4.838E+05 L8M/S0FT H UNC.

656.51 KG/SQM S

********** STEADY STATE TEST M **********

LEVEL AVERAGE FLUID ANO SURFACE CONDITIONS

MASS FLUX 1.090E*04 LBM/SOFT H PRESSURE

14.7924 KG/SQM S

1242.1

8.57

PS I

MP A

UNC. PRESSURE 6.00 PSI

C.041 MPA

LEVEL i0 SDO TSRF SDTSRF TF
ENG SI ENG SI ENG SI ENG SI ENG SI ENG

F 2.811 885.3 0.053 16.84 1272.0 689.2 66.76 37.087 571.4 300.0 0.597
G 2.791 879.1 0.068 21.48 1282.3 695.0 40.26 22.367 571.4 300.0 0.597
E2 2.73C 860.0 0.000 0.00 1143.8 618.0 0.00 0.000 571.4 300.0 0.597
E3 2.788 878.2 0.055 17.40 1203.5 651.2 6.33 3.518 571.4 3 00.0 0.597
E6 2.677 843.3 0.098 30.96 1181.7 639.1 33.23 18.463 571.4 300.0 0.597
E7 2.794 880.1 0.051 15.94 1179.0 637.6 58.56 32.532 571.4 300.0 0.597
E8 2.7S6 880.7 0.050 15.79 1230.2 666.0 26.39 14.661 571.4 300. 0 0.597
Fl 2.768 872.0 0.077 24.13 1283.4 695.6 36.78 20.433 571.4 300.0 0.597
F2 2.796 880.9 0.031 9.71 1295.4 702.2 48.29 26.829 571.4 300.0 0.597
F3 2.764 870.8 0.084 26.55 1301.1 705.4 49.01 27. 229 571.4 300.0 0.597
F4 2.677 843.3 0.098 30.96 1092.1 589.3 46.74 25.967 571.4 300.0 0.597
F5 2.718 856.1 0.09S 31.07 1137. 8 614.7 44.28 24.599 571.4 300.0 0.597
Fe 2.76C 869.5 0.075 23.52 1205.4 652.2 37.20 20.667 571.4 300.0 0.597
F7 2.759 869.2 0.062 19.65 1221.0 660.9 30.78 17.099 571.4 300.0 0.597
FE 2.777 874.9 0.077 24.15 1264.3 684.9 39.69 22.049 571.4 300.0 0.597

UTF UX

NCMENCLATURE

ENG SI

c BTU/H FT**2 X 1E5 KW/M**2
5DQ
TSRF

BTU/H FT**2 X 1E5
DEG F

KW/M**2
DEG C

SCTSRF DEG F DEG C
TF DEG F DEG C
UTF DEG F DEG C

Test M

T/C Level (# wet T/C)/(Total # T/C)
D All wet
E 53/60
El 1/4
E2 2/3
E3 3/7
E6 0.2
E7 1/4
E8 2/5
F All dry

SI

0.3 .7677 .0287

0.3 .9364 .0328

0.3 .6449 .0258

0.3 .6673 . 0265

0.3 .7156 .0275

0.3 .7318 . 02 79

0.3 .7531 . 02 83

0.3 .7950 .0294

0.3 .8163 . 03 00

0.3 .8376 . 0307

0.3 .8572 .0312

0.3 .8717 .0315

0.3 .8870 . 0318

0.3 .9015 .03 20

0.3 .9219 .0325

to



ROD
NO

LEVEL F

3
4
7
7

10
10
10
13
13
15
16
17
18
18
20
20
21
28
28
28
31
31
32
34
37
38
42
45
45
53
59
59
59
60
64
64
64

0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77
0.77

LEVEL G

1
3

14
16
16
18
18
18
20
20
20
21
32
34
37
38
42
42
45
45
45
47
50
58
60
64
64

0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94

TSURF 0 X 1E-5 HEXP
DEG F BTU/H SOFT

1242.9
1241.8
1249.1
1246.6
1262.6
1276.2
1262.9
1303.1
1288.6
1251.5
1314.9
1259.3
1197.1
1135.8
1083.7
1199.3
1144.1
1282.7
1262.3
1258.7
1251.3
1260.5
1335.7
1262.1
1228.3
1277.3
1281.3
1265.1
1277.3
1327.6
1321.8
1312.3
1335.3
1339.7
1383.8
1414.2
1417.1

1318.9
1295.3
1252.5
1304.0
1338.0
1255.7
1249.7
1264.1
1183.5
1279.2
1271.0
1230.6
1325.7
1316.0
1236.1
1253.5
1295.2
1315.5
1267.5
1259.7
1266.0
1254.5
1302.3
1319.9
1303.9
1346.4
1359.8

2.93
2.91
2.78
2.78
2.84
2.84
2.84
2.84
2.84
2.77
2.77
2.81
2.81
2.81
2.84
2.84
2.80
2.79
2.79
2.79
2.81
2.81
2.83
2.86
2.76
2.78
2.82
2.81
2.81
2.93
2.84
2.84
2.84
2.75
2.77
2.77
2.77

2.84
2.92
2.78
2.77
2.77
2.80
2.80
2.80
2.84
2.84
2.84
2.70
2.83
2.85
2.76
2.78
2.81
2.81
2.80
2.80
2.80
2.77
2.77
2.86
2.75
2.76
2.76

43 5.7
433.5
409.6
411.2
410.5
402.6
410.3
388.1
395.9
406. 9
373.2
408.5
449.2
498.0
554.8
452.7
488.6
392.7
404.3
406.4
414.0
408.5
370.3
414.2
420.4
393.5
396.6
404.7
397.7
387.1
378.0
382. 8
371.3
358.1
340.5
328.3
327.1

380.3
403.0
408.6
378.2
361.4
409.4
413. 0
404.4
463.6
401.0
405.7
409.6
374.6
383.0
415.8
407.0
388.3
377.7
402.7
407.2
403.5
405.4
379.0
382.6
375.0
356.4
350.4

********** STEADY STATE TEST

PRIMARY LEVELS

M **********

UHEXP HDR
BTU/H SQFT F

UHDR

26.71
26.29
25.85
25.31
26.10
25.79
26.38
23.52
25.42
24.44
22.68
24.10
28.46
31.79
34.18
27.15
34.89
23.39
24.27
24.55
25.53
24.83
21.95
25.89
30.08
24.27
25.34
24.24
23.83
23.84
22.80
22.77
23.68
22.26
20.12
19.30
19.19

23.77
24.40
27.27
23.91
22.31
24.70
25.43
24.38
27.88
25.47
24.96
24.18
22.86
23.75
25.48
25.11
31.68
23.36
25.45
25.61
25.25
25.40
22.88
23.68
24.13
21.45
21.12

744.9
744.9
744. 9
744.9
744.9
744.9
744. 9
744.9
744. 9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744.9
744. 9
744. 9
744.9
744.9
744.9
744.9
744.9
744. 9
744.9
744.9
744.9
744. 9
744.9
744.9
744.9

862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9
862.9

14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75
14.75

15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70
15.70

HDRPW

583.6
583.6
583.4
583.5
583.1
582. 8
583.1
582.2
582.5
583.4
581.9
583.2
584.9
587.1
589.4
584. 8
586.7
582.6
583.1
583.2
583.4
583.2
581. 5
583. 1
584.0
582.7
582.7
583.0
582.7
581.7
581.8
582.0
581.5
581.4
580.6
580.2
580.1

673.9
674.5
675. 7
674.3
673.5
675.6
675.8
675.4
678.0
674.9
675.2
676.4
673.8
674.0
676.2
675.7
674.5
674.0
675.3
675.5
675.3
675.6
674.3
673.9
674.3
673.3
673.0

HG57

355.2
355.3
354.9
355.1
354.3
353.6
354.3
352.5
353.1
354.8
352.0
354.4
357.8
361.9
366.4
357.6
361.3
353.4
354.3
354.5
354.8
354.4
351.2
354.3
356.0
353.6
353.4
354.2
353.6
351.5
351.7
352.1
351.2
351.1
349.6
348.7
348.6

368.6
369.6
371.6
369.2
367.8
371.4
371.7
371.0
375.6
370.3
570.7
372.8
368.3
368.7
372.5
371.5
369.6
36 8.7
370.8
371.2
370.9
371.5
369.2
368.5
369.2
36 7.5
367.0

UHG57 HG59
BTU/H SQFT

4.19
4.18
4.21
4.19
4.21
4.20
4.22
4.13
4.19
4.16
4.12
4.14
4.28
4.39
4.43
4.21
4.58
4.13
4.15
4.16
4.19
4.16
4.09
4.19
4.39
4.16
4.19
4.15
4.14
4.12
4.11
4.11
4.14
4.12
4.06
4.04
4.04

6.74
6.75
6.85
6.76
6.71
6.79
6.80
6.78
6.88
6.79
6.78
6.80
6.72
6.74
6.82
6.80
6.95
6.74
6.80
6.81
6.80
6.81
6.74
6.73
6.77
6.70
6.69

345.2
345.2
344.9
345.0
344.2
343.6
344.2
342.4
343.0
344.7
341.9
344.4
347.8
352.0
356.6
347.6
351.3
343.3
344.2
344.4
344.8
344.3
341.1
344.2
346.0
343.5
343.3
344.1
343.5
341.4
341.6
342.0
341.1
340.9
339.4
338.5
338.4

360.1
361.1
363.2
360.7
359.3
363.0
363.3
362.6
367.3
361.9
362.3
364.4
359.8
360.2
364.1
363.1
361.1
360.2
362.4
362.8
362.5
363.1
360.8
360.0
360.7
359.0
358.5

UHG59 HCB CGD X 1E-5
BTU/H SQFT

5.24 341.6 2.047
5.23 341.7 2.043
5.26 341.1 2.068
5.24 341.3 2.059

5.25 340.0 2.113
5.24 338.9 2 .156

5.26 339.9 2.114

5.17 336.9 2.245
5.23 337.9 2.196

5.21 340.9 2.076
5.17 336.1 2 .285
5.19 340.2 2.102
5.33 346.0 1.899

5.44 353.2 1.704

5.50 361.1 1.544

5.27 345.8 1 .906
5.59 352.1 1.730
5.18 338.4 2.177
5.20 340.0 2.112
5.21 340.3 2.100
5.24 340.9 2.075

5.21 340.1 2.106

5.14 334.7 2.355
5.23 340.0 2.111

5.41 342.9 1.999

5.21 338.8 2.160

5.23 338.5 2.172

5.20 339.8 2.121
5.19 338. 8 2.160
5.16 335.2 2.32e
5.16 335.6 2.308

5.15 336.3 2 .276

5. 18 3 34.7 2.354

5.16 334.5 2.369

5.10 331.9 2.517
5.08 330.4 2.621
5.08 330.3 2.631

9.16 353.2 2 .999
9.18 355.0 2.904

9. 29 358.5 2.733

9.19 354.3 2.939

9.14 351.9 3.076
9.24 358.2 2.745
9.25 358.7 2.722

9.22 3 5 7.5 2.779
9.36 365.5 2.462

9.22 356.2 2.839

9.22 356.9 2.806

9.26 360.5 2.6^6

9.15 352.8 3.026

9.17 353.5 2 .987

9.27 360.0 2.668
9.25 358.4 2.737
9.33 355.0 2.903
9.17 353.5 2.985
9.24 357.2 2.792

9.25 357.9 2.761

9.24 357.3 2.786

9.25 358.3 2.741
9.17 354.4 2.932
9.16 3 53.2 3.003
9.19 354.3 2 .938

9.12 351.4 3 .110
9.11 350.6 3.165

oo
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ROD
NO

TSURF Q X 1E-5
DEG F BTU/H SOFT

HEXP

********** STEADY STATE TEST M

INTERMEDIATE LEVELS

UHEXP HDR
BTU/H SQFT F

UHDR HDRPW

**********

HG57 UHG57 HG59
BTU/H SQFT F

UHG59 HCB CGD X 1E-5
BTU/H SQFT

LEVEL E2

60

LEVEL

0.64

E3

1143.8 2.73 476.9 30.80 656.1 14.15 517.5 336.7 4.74 321.7 5.78 338.5 1 .433

34
50
60

LEVEL

0.67
0.67
0.67

E6

1210.8
1200.2
1199.5

2.85
2.77
2.75

445.8
440.3
437.0

29.76
29.31
27.57

672.6
672.6
672.6

14.42
14.42
14.42

528.2
528.5
528.5

337.6
338.2
338.3

4.65
4.66
4.60

323.7
324.2
324.3

5.68
5.69
5.65

333.7
334.7
334. 8

1.670
1.640
1.638

60

LEVEL

0.72

E7

120 5.2 2.75 433.4 26.58 707.6 14.58 555.9 347.9 4.39 335.9 5.43 339.6 1.780

34
37
50

LEVEL

0.73
0.73
0.73

E8

1216.2
1111.5
1209.3

2.85
2.76
2.77

442.3
510.9
434.3

28.44
31.79
26.96

719.3
719.3
719.3

14.60
14.60
14.60

564.6
568.2
564.8

350.3
357.4
350.7

4.37
4.48
4.33

339.0
346.2
339.4

5.39
5.54
5.37

340.3
352.7
340.9

1.857
1.537
1.836

34
37
38

LEVEL

0.75
0.75
0.75

Fl

1254.3
1202.0
1234.3

2.85
2.76
2.77

417.8
437.8
418.4

26.41
26.65
25.15

734.6
734.6
734.6

14.68
14.68
14.68

575.5
576.9
576.0

352.2
355.0
353.2

4.24
4.26
4.21

341.7
344.5
342.7

5.27
5.30
5.26

339.1
343.9
340.9

2.040
1.872
1.977

17
21
34
37
38
50

LEVEL

0. 79
0.79
0.79
0.79
0.79
0.79

F2

1295.9
1207.3
1282.0
1273.1
1299.2
1317.7

2.81
2.80
2.85
2.76
2.77
2.77

387.5
440.3
401.6
393.5
381.1
371.4

22.77
26.91
25.19
23.66
22.71
22.09

764.3
764.3
764.3
764.3
764.3
764.3

14.95
14.95
14.95
14.95
14.95
14.95

597.4
599.7
597.7
597.9
597.3
596.9

357.1
361.5
357.7
358.1
356.9
356.2

4.08
4.19
4.14
4.11
4.09
4.07

347.8
352.3
348.4
348.8
347.7
346.9

5.16
5.28
5.22
5.20
5.17
5.15

340.3
347.9
341.3
342.0
340.0
338.7

2.314
2.013
2.266
2.235
2.326
2.390

1
14
17
34
38
50

LEVEL

0.82
0.82
0.82
0.82
0.82
0.82

F3

1315.0
1198.6
1306.8
1305.1
1315.6
1331.1

2.80
2.78
2.81
2.85
2.77
2.77

376.4
443.1
381.5
388.7
372.5
364.6

22.76
29.72
22.37
24.22
22.13
21.78

779.4
779.4
779.4
779.4
779.4
779.4

15.16
15.16
15.16
15.16
15.16
15.16

609.1
612.2
609.3
609.4
609.1
608.8

359.3
365.1
359.7
359.7
359.3
358.7

4.10
4.34
4.08
4.13
4.08
4.08

350.6
356.5
350.9
351.0
350.5
349.9

5.22
5.45
5.21
5.25
5.21
5.20

341.2
351.1
341. 8
341.9
341.2
340.2

2.462
2.059
2.433
2.427
2.465
2.519

14
17
21
34
60

LEVEL

0.84
0.84
0.84
0.84
0.84

F4

1239.7
1298.0
1244.6
1350.5
1341.8

2.78
2.81
2.80
2.85
2.75

415.3
386. 1
415.7
366. 1
356.5

26.32
22.74
24.56
22.65
22.83

794.4
794.4
794.4
794.4
794.4

15.40
15.40
15.40
15.40
15.40

622.6
621.1
622.5
620.0
620. 1

365.5
362.8
365.3
360.7
361.0

4.27
4.14
4.19
4.14
4.18

357.3
354.5
357.0
352.3
352.7

5.45
5.34
5.39
5.33
5.35

349.4
344.6
348.9
341.1
341.7

2.2 74
2.482
2.292
2.671
2.640

60 0.86 1125.1 2.75 496.1 31.00 808.1

LEVEL F5

15.57 637.7 375.4 4.52 367.6 5.82 364.6 1 .949

21
60

0. 87
0.87

1088.7
1174.7

2.80
2.75

541.0
455.3

32.92
28.05

818.2
818. 2

15.55
15.55

647.8
644.0

380.1
373.1

4.67
4.54

372.6
365.4

6.09
5.94

372. 1
359.8

1.875
2.180

LEVEL F6

17
37
38
50
60

0.89
0.89
0.89
0.89
0.89
0.89

1238.3
1207.5
1158.6
1153.2
1238.0
1240.4

2.85
2.81
2.76
2.77
2.77
2.75

426.6
441.7
470.0
476.9
416.2
410.9

28.88
27.23
29.18
29.13
25.65
25.03

828.8
828.8
828.8
828.8
828.8
828.8

15.55
15.55
15.55
15.55
15.55
15.55

650.1
651.0
652.8
653.1
650.1
650.0

370.5
372.3
375.5
375.9
370.5
370.4

4.78
4.72
4.79
4.78
4.68
4.67

362.8
364.6
367.9
368.3
362.8
362.6

6.29
6.25
6.34
6.33
6.21
6.20

354. 8
357.8
363.4
364.1
354. 8
354.6

2.469
2.354
2.176
2.159
2.468
2.477

LEVEL F7

14
17

0.90
0.90

1190.9
1236.9

2.78
2.81

448.8
422.2

28.93
25.36

838. 8
838.8

15.57
15.57

659.3
657.7

374.2
371.5

5.12
4.99

366.5
363.7

6.83
6.70

361.0
356.4

2.349
2.523

to
00
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STEADY_STATE TEST N

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS

*****************************************i****i*ij*^*t*i*i*^

NOMENCLATURE

HCB - CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
HOB - DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
HE8™, - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
HDRPW " 3^LGALPRLI5°dVSLESuMB^AT TRANSFER "EFFICIENT.

E^tsRu^tAb5l^AT TRANSFER C0EFFIC^nt
EXPERIMENTAL HEAT TRANSFER COEFFICIENT

- GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
" S29fNiyE,t° 5*9 HEAT TRANSFER COEFFICIENT
- HEAT FLUX

P„Tr„^ - GROENEVELD-DELORME HEAT FLUX
SDTSRF - CROSS-SECTIONAL STANDARD DEVIATION OF THE

SURFACE TEMPERATURE
SDQ - CROSS-SECTIONAL STANDARD DEVIATION OF THE

HEAT FLUX
TBULK - BULK VAPOR TEMPERATURE

HEXP

HEXPS

HG57
HG59
Q
QGD

J?£J.T„„ . - SATURATION TEMPERATURE
TSRF(TSURF) - SURFACE TEMPERATURE
JF " EQUILIBRIUM FLUID TEMPERATURE
UHDR - UNCERTAINTY, DOUGALL-ROHSENOW HEAT
,,„„„„ TRANSFER COEFFICIENT
UHEXP - UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

COEFFJX IENT
EXPERIMENTAL HEAT TRANSFERUHEXPS

UHG57

UHG59

UNC
UTF

UX
X

- UNCERTAINTY,
COEFFICIENT

- UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER
COEFFICIENT

~ ^CERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
CObrFIC IENT

- UNCERTAINTY

" TEMPERATURE* equilibrium FLU!0
- UNCERTAINTY, QUALITY
- QUALITY

******************l*l**n*i*i*^
******************************** J*J*«*i^******************************* Miii^jiiii;^^
******************S"**^*^*********************************;;*;*;jjjj*j***********^
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********** STEADY STATE TEST N **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 5.941E+05 LBM/SQFT H UNC. MASS FLUX 1.339E»04 LBM/SQFT H PRESSURE 1234.2 PSI

806.19 KG/SQM S 18.1759 KG/SQM S 8.52 MPA

UNC. PRESSURE 6.00 PSI

0.041 MPA

LEVEL

F

G

E2

E7

E8

Fl

f;

F3

FJ

F6

F7

Ff

SDO TSR F

SI

651.3

668.8

629.9

605.4

645.4

673.5

686.5

662.5

529.2

610.8

613.9

652.6

SDTSRF TF UTF

ENG

3.016

3.000

2.99C

3.018

3.016

2.964

2.945

2.970

2.957

2.960

2.960

2.980

NOMENCLATURE

ENG

SI

949.9

944.9

941.9

950.7

949.9

933.7

92 7.6

935.6

931.5

932.5

932.5

938.8

ENG

0.057

0.075

0.054

0.058

O.062

0.085

0.039

0.087

0.000

0.093

0.064

0.079

SI

SI

18.05

23.67

17.04

18.35

19.47

26.67

12.25

27.34

0.00

29.23

20.25

24.87

SDQ
BTU/H FT**2 X 1E5 KW/M**2
BTU/H FT**2 X 1E5 KW/M**2

TSRF OEG F DET C
SCTSRF DEG F DEG C
TF DEG F DEG C
UTF DEG F DEG C

ENG

1203.8

1235.3

1165.2

1121.1

1193.0

1243.6

1267.1

1223.8

983.9

1130.8

1136.4

1206.1

ENG

57.05

45.44

15.77

49.21

47.02

18.48

11.06

110.80

0.00

33.55

55.99

38.95

SI

31.695

25.243

8.761

27.341

26.124

10.266

6.143

61.557

0.000

18.640

31.106

21.638

ENG

570.6

570.6

570.6

570.6

570.6

570.6

570.6

570.6

570.6

570.6

570.6

570.6

SI

299.6

299.6

299.6

299.6

299.6

299.6

299.6

299.6

299.6

299.6

299.6

299.6

ENG

0.597

0.597

0.597

0.597

0.597

0.597

0.597

0.597

0.597

0.597

0.597

0.597

Test N

T/C Level (# wet T/C)/(Total # T/C)

E2 All wet

E3 4/7
E6 1/2
E7 2/4
E8 3/5
F All dry

SI

0.3 .6681 . 0254

0.3 .8152 . 0290

0.3 .5808 . 0235

0.3 .6369 . 0247

0.3 .6555 .0251

0.3 .6919 . 0261

0.3 .7105 . 0266

0.3 .7291 .0272

0.3 .7588 . 0278

0.3 .7721 . 0281

0.3 . 7848 . 0283

0.3 .8026 . 0287

00
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********** STEADY STATE TEST **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

M*SS FLUX 2,.261E+05 LBM/SOFT H UNC. MASS FLUX 5.042E4-03 LBM/SOFT H PRESSURE 866.1' PSI UNC. PRESSURE 6.00 PSI

306.80 KG/SQM S 6. 8414 KG/SQM S 5.98i MPA 0.041 MPA

LEVEL 0 SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.709 538.5 0.033 10.49 1236.0 669.3 72.41 40.227 527.4 275.5 0.824 0.5 .8907 . 0321

G 1.700 535.6 0.042 13.35 1379.6 749.0 44.33 24.629 604.4 318.3 34.045 18.9 1.0875 . C369

E6 1.674 527.4 0.000 0.00 1206.8 653.0 0.00 0.000 527.4 275.5 0.824 0.5 .8300 . C308

E7 1.719 541.5 0.034 10.73 1189.1 643.2 11.17 6.207 527.4 275.5 0.824 0.5 .8489 . 0311

E8 1.700 535.5 0.037 11.78 1182.7 639.6 51.63 28.684 527.4 275.5 0.824 0.5 .8738 .0317

Fl 1.685 530.7 0.049 15.49 1259.6 682.3 28.18 15.657 527.4 275.5 0.824 0.5 .9225 . 0329

F2 1.700 535.5 0.023 7.33 1278.2 692.7 45.35 25.195 5 27.4 275.5 0.824 0.5 .9474 . 0337

F3 1.683 530.1 0.054 16.91 1315.0 713.1 45.99 25.551 527.4 275.5 0.824 0.5 .9722 . 0344

F4 1.630 513.4 0.063 19.86 1160.2 627.1 58.05 32.2 52 527.4 275.5 0.824 0.5 .9951 . 0351

F5 1.653 520.8 0.061 19.07 1233.3 667.7 45.30 25.168 535.7 280.2 29.017 16.1 1.0120 . 0353

F6 1.682 529.9 0.049 15.35 1298.8 704.1 33.49 18.608 551.3 288.9 29.231 16.2 1.0299 . 0357

F7 1.677 528.1 0.039 12.33 1318.2 714.9 38.00 21.Ill 567.4 297.8 32.602 18.1 1.0468 . 0360

F8 1.694 533.7 0.050 15.65 1363.9 740.3 43.83 24.349 588.5 309.5 33.619 18.7 1.0706 . 0365

NOMENCLATURE Test 0

ENG SI
T/C Leve 1 (# wet 'r/C)/(Total # T/C)

0 BTU/H FT**2
SCO BTU/H FT**2
TJRF DEG F
SOTSRF DEG F
TF DEG F
LTF DEG F

X 1E5 KW/M**2
X IE5 KW/M**2

DEG C
DEG C
DEG C
DEG C

E3

E6

E7

E8

F

All wet

1/2

1/4
1/5

All dry

oo
oo
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********** STEADY STATE TEST 0 **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

To X UF$ BTUQ,HX FT;*52 ^!L_-_^!_XP1TU,hHFETX£*2 FU-HE-X-P -^ BTU^FT^ F B?uVf T^I

LEVEL G

1 1.09 1363.2 1.74

3 1.09 1383.4 1.78
14 1.09 1309.8 1.69
16 1.09 1396.7 1.69
16 1.09 1415.6 1.69
18 1.09 1371.5 1.71

18 1.09 1342.8 1.71
18 1.09 1372.8 1.71
20 1.09 1275.1 1.73
20 1.09 1360.2 1.73
20 1.09 1380.1 1.73
21 1.09 1331.2 1.64
32 1.09 1384.9 1.73
34 1.09 1450.8 1.74
37 1.09 1338.4 1.68

38 1.09 1355.7 1.68
42 1.09 1440.3 1.72
42 1.09 1451.4 1.72
45 1.09 1364.6 1.71
45 1.09 1359.9 1.71
45 1.09 1361.4 1.71
47 1.09 1351.8 1.68

50 1.09 1434.8 1.69

58 1.09 1433.3 1.74
60 1.09 1408.5 1.67
64 1.09 1423.4 1.69
64 1.09 1431.8 1.69

208.0
207.6
215.7
194.1
190.0
202.5
209.6
202.2
230.7
207.2
202.3
204.2
201.3
188.8
207.3
203.4
188.1
185.9
203.7
204.8
204.4
204.1
186.8
192.4
190.0
188.2
186.5

12.11
11.93
12.84
11.33
11.00
11.61
12.10
11.59
13.22
12.08
11.68
11.64
11.61
10.91
11.94
11.74
12.07
10.74
11.84
11.90
11.87
11.85
10.71
11.12
11.15
10.80
10.72

229.1
228.1
239.2
212.9
208.0
222.8
231.4
222.4
257.2
228.3
222.4
225.8
221.2
205.9
229.0
224.2
205.5
202.8
224.3
225 "
225
225
204
210
208
2 05
203.8

17.0
16.6
18.6
15.6
15.0
16.3
17.2
16.2
19.8
17.0
16.2
16.8
16.1
14.6
17.1
16.6
15.9
14.4
16.6
16.7
16.7
16.8
14.5
15.0
15.2
14.7
14.5

333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7
333.7

194.7
194.2
196.2
193.9
193.4
194.5
195.2
194.4
197.4
194.8
194.3
195.6
194.1
L92.7
195.4
194.9
192.9
192.7
194.7
194.8
194.7
195.0
193.0
193.1
193.6
193.3
193.1

1. 507
1. 55?
1. 391
1. •>H0
1..*>•/>
1..•>?•>
1.,461
1.,H?U
1.HI
1., MX)
1.,>>44
1. 4 V
1.,"iS4
1., 100
1., 4*>3
1.,490
1.,678
1,. Mil
1..510
1,,499
1., 50:i
1,.481
^ ,.665
1..66?
1.,606
1,.6 H9
1 .65H

V©
o



RCO
NO

LEVEL E6

60 0.83

LEVEL E7

34
50

85
85

LEVEL E8

34 0.87
37 0.87
38 0.87

LEVEL Fl

17
21
34
37
38
50

0.92
0.92
0.92
0.92
0.92
0.92

LEVEL F2

1
14
17
34
38
50

0.95
0.95
0.95
0.95
0.95
0.95

LEVEL F3

14 0.97
17 0.97
21 0.97
34 0.97
60 0.97

LEVEL F4

60 1.00

TSURF OX 1E-5
OEG F BTU/H SOFT

HEXP

12 06.8

1197.0
1181.2

1239.8
1139.3
1169.0

1234.5
1235.1
1309.1
1240.8
1251.3
1285.3

1212.1
1246.0
1278.9
1339.5
1281.4
1311.5

1265.6
1290.0
1281.0
1382.1
1358.0

1201.2

1.67

1.74
1.69

1.74
1.68
1.68

1.71
1.70
1.74
1.68
1.68
1.69

1.69
1.68
1.71
1.74
1.68
1.69

1.68
1.71
1.70
1.74
1.67

1.67

246.4

260.3
259.2

244.7
274.0
261.9

242.1
240.3
223.0
235.0
232.1
223.6

246.8
234.3
227.7
214.5
222. 7
216.0

228.0
224.5
225.7
203.9
201.6

248.5

********** STEADY STATE TEST 0

INTERMEDIATE LEVELS

**********

UHEXP HDR
BTU/H SOFT F

14.30

15.40
15.15

14.37
15.94
15.15

13.87
13.90
13.0 2
13.56
13.35
12.85

14.33
13.98
13.01
12.48
12.79
12.43

13.35
12.84
12.90
11.85
11.86

353.4

359. 5
359.5

367.5
367.5
367.5

3 83.1
383.1
383.1
383.1
383. 1
383.1

391.0
391.0
391.0
391.0
391.0
391.0

398.8
398.8
398. 8
398.8
398.8

UHDR

7.36

7.38
7.38

7.42
7.42
7.42

7.57
7.57
7.57
7.57
7.57
7.57

7.68
7.68
7.68
7.68
7.68
7.68

8.01
8.01
8.01
8.01
8.01

14.41 406.0 12.34

HDRPW

290.1

295.0
295.2

300.9
302.2
301.8

313.6
313.6
312.8
313.5
313.4
313.1

320.7
320.2
319.9
319.3
319.9
319.6

326.3
326.0
326.1
325.2
325.4

333.0

HG57

192.5

193.6
194.0

193.4
196.1
195.2

193.8
193.8
192.4
193.7
193.5
192.8

193.5
192.7
192.1
191.0
192.0
191.5

190.0
189.6
189.7
188.1
188.5

185.3

UHG57 HG59
BTU/H SQFT F

2.28 164.8

UHG59

2.63

HCB

189.7

CGD X IE-5
8TU/H SOFT

0.926

2.39
2.39

165.8
166.2

2.78
2.78

190.9
191. 6

0.940
0.912

2.59
2.63
2.61

165.6
168.0
167.2

3.06
3.11
3.09

190.1
194. 8
193.2

1.055
0.882
0.933

3.67
3.68
3.65
3.67
3.67
3.65

165.5
165.4
164.1
165.3
165.1
164.5

4.43
4.44
4.40
4.43
4.43
4.41

192.3
192.3
189.7
192.1
191.7
190.4

1.142
1.143
1.2 82
1.154
1.173
1.237

5.26
5.25
5.22
5.19
5.22
5.21

164.6
163.9
163.3
162.3
163.2
162.8

6.28
6.25
6.22
6. 19
6.22
6.20

194.3
192.9
191.7
189.9
191.7
190.7

1 .156
1.221
1.284
1.403
1.2 89
1 .348

11.89
11.94
11.95
11.84
11.82

160.5
160.1
160.2
158.8
159.1

13.72
13.68
13.70
13.57
13.60

193.2
192.3
192.6
189.7
190.3

1.314
1.364
1.346
1.552
1.502

11.71 154.2 13.68 196.8 1.241

v©



RCD
NO

TSURF
DEG F

LEVEL F5

21 I. 01 1187.7
60 1.01 1278.3

LEVEL F6

1 1.03 1295.1
17 1.03 1280.4
37 1.03 12 74.6
38 1.03 1264.7
50 1.03 1342.5
60 1.03 1349.1

LEVEL F7

14 1.05 1278.4
17 1.05 1313.4
21 1.05 1288.7
37 1.05 1303.9
38 1.05 1296.9
50 1.05 1374.9
60 1.05 1379.0

LEVEL F8

1 1.07 1369.3
17 1.07 1324.3
21 1.07 1318.5
34 1.07 1418.4
37 1.07 1330. 8
50 1.07 1416.0
60 1.07 1405.7

Q X 1E-5
BTU/H FT**2

1.70
1.67

1.74
1.72
1.68
1.68
1.70
1.68

1.68
1.71
1.70
1.68
1.68
1.70
1.67

1.74
1.72
1.70
1.75
1.68
1.70
1.68

********** STEADY STATE TEST 0 **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F

HDB

257. 6 14.80 260.8 19.0 401.4

223.0 12.86 225.5 15.7 401.4

226.7 13.57 234.0 16.8 379.3
227.8 13.17 235.3 16.6 379.3

224.6 12.97 232.0 16.4 379.3

228.2 13.12 235.8 16.7 379.3
208.4 12.03 214.7 14.8 379.3
204.0 11.73 210.1 14.4 379.3

224.2 13.14 236.8 17.7 362.1
218.1 12.52 229.8 16.6 362.1

223.5 12.79 235.9 17.3 362.1

215.9 12.46 227.6 16.6 362.1

218.4 12.53 230.4 16.8 362.1
200.1 11.54 210.0 14.8 362.1

196.7 11.31 206.4 14.5 362.1

207.0 11.99 223.1 16.2 343.4

215.3 12.32 233.2 17.2 343.4

215.5 12.31 233.5 17.2 343.4

196. 1 11.38 210.5 15.0 343.4

209.1 12.01 226.3 16.6 343.4

191.2 10.99 205.3 14.5 343.4

191.1 10.95 205.3 14.6 343.4

HCB
3TU/H FT**2

198. i

194. 4

1 94.,5
194. 0
19b.,?
195. 6
11),.1
192..9

195.,8
194.,6
19b.,4
1 94.,9
19b., 1
19,;.,9
iy2.,8

193,,9
19b,.?
19b,.3
19?,.8
19b,. 0
19?,.8
193,.0

QGD X 1E-5
3TU/H FT**2

1. ?3?
1. 419

1. 431
1.,400
1 .,38/
1. •166

1. b31
1.,545

1 ,,374
I.,448
I.,39b
1.,4?«
1.,41?
1.,b '4
1.,588

1 .537
1,.440
1..42/
1,.644
1,.453
1,.6 39

1,.616

to
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STEAOY STATE TEST P

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS
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HCB
HDB
HDR
HDRPW

HEXP

NOMENCLATURE

CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
DITTUS-BOELTER HEAT TRANSFER COEFFICIENT

- DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
- DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,

WALL PRANDTL NUMBER
- EXPERIMENTAL HEAT TRANSFER COEFFICIENT

Q/(TSURF-TEULK)
HEXPS - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

Q/(TSURF-TSAT)
HG57 - GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
HG5S - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
C - HEAT FLUX
QGD ~ GROENEVELD-DELCRME HEAT FLUX

SDTSRF - CROSS-SECTICNAL STANDARD OEVIATION OF THE
SURFACE TEMPERATURE

SOO - CROSS-SECTIONAL STANDARD DEVIATION OF THE

TBULK - BULK VAPOR TEMPERATURE

TSAT
TSRF(TSURF)
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

****************

- SATURATION TEMPERATURE
- SURFACE TEMPERATURE
- EQUILIBRIUM FLUID TEMPERATURE
- UNCERTAINTY, DOUGALL-ROHSENOW HEAT

TRANSFER COEFFICIENT
- UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

COEFFICIENT
- UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

COEFFICIENT
- UNCERTAINTY, GROENEVELD

COEFFICIENT
- UNCERTAINTY, GROENEVELD

COEFFICIENT
- UNCERTAINTY

UNCERTAINTY, EQUILIBRIUM FLUID
TEMPERATURE
UNCERTAINTY,
QUALITY

QUALITY

5.7

5.9

HEAT TRANSFER

HEAT TRANSFER
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********** STEADY STATE TEST **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

FASS FLUX 3..834E+05 LBM/SQFT H UNC. MASS FLUX 8. 583E»-03 LBM/SOFT H PRESSURE 874.3 PSI UNC. PRESSURE 6.00 PSI

520.23

•Q

KG/SQM S

SDQ

ll.i

TSRF

b476 KG/SQM S 6.03 MPA 0.041 MPS

LEVEL
SOTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 2.612 822.7 0.051 16.07 1288.1 698.2 66.96 37.198 528.4 276.1 0.8 24 0.5 .8405 .0294

G 2.580 812.8 0.061 19.16 1362.7 739.6 44.58 24.769 541.3 283.3 26.746 14.9 1.0175 . 0338

E3 2.585 814.3 0.048 15.25 1133.7 612.4 146.71 81.506 528.4 276.1 0.824 0.5 .735 1 .0271

E« 2.489 784.1 0.097 30.45 1222.6 661.7 48.86 27.145 528.4 276.1 0.824 0.5 .7858 .0282

E7 2.595 817.3 0.047 14.87 1236.1 669.3 33.25 18.473 528.4 276.1 0.8 24 0.5 .8028 . 0285

E8 2.594 817.2 0.047 14.94 1272.8 689.7 25.54 14.191 528.4 2 76.1 0.824 0.5 .8253 . 0290

Fl 2. 570 809.5 0.072 2 2.64 1316.8 714.1 29.66 16.480 528.4 276.1 0.824 0.5 .8692 .0302

F2 2.605 820.6 0.037 11.64 1329.7 721.3 47.79 26.552 52 8.4 2 76.1 0.824 0.5 .8916 . 0308

F3 2.569 809.2 0.079 24.84 1364.8 740.8 46.59 25.883 528.4 276.1 0.824 0.5 .9141 .0315

FA 2.489 784.1 0.097 30.45 1162.8 628.6 51.34 28.520 528.4 276.1 0.824 0.5 .934 7 .0321

F5 2.526 795.8 0.094 29.55 1219.3 660.0 50.96 28.309 528.4 276.1 0.824 0.5 .949 8 . 0323

F6 2.568 809.0 0.072 22.55 1293.1 700.9 36.63 20.350 528.4 2 76.1 0.824 0.5 .9658 .0326
to

•It
F7 2.566 808.4 0.059 18.54 1311.8 711.3 41.73 23.185 528.4 276.1 0.824 0.5 .9810 .0329

F8 2. 57C 809.6 0.073 22.86 1357.8 736.9 49.09 27.273 529.0 276.5 28.043 15.6 1.0024 .0334

NOMENCLATURE

ENG SI

0 BTU/H FT**2 X 1E5 KW/M**2
SCO BTU/H FT**2 X 1E5 KW/M**2
TSP.F OEC- F DEG C
SCTSRF DEG F DEG C
TF DEG F DEG C
UTF DEG F DEG C

Test P

T/C Level (# wet T/C)/(Total # T/Cj

E All wet

El 3/4

E2 3/3

E3 4/7

E6 0/2

E7 1/4

E8 2/5

F All dry



i
n

i
-

I
u

.

O
kIIII

-
I

in
|

o
l

X
I

=
>

II

t
r
i
o

X
X

r«
-c

o
in

|
0

|
X

I
=

>
IIIII

-
I

in
i

0
I

1
IIII

3
|

°
-

I
a

.
I

S
IIIII

a
.

I

?
!

=
ii

e
c
u

.
o

o
X

i/)

C
D

a
.

X
|

U
J

i

X
I

3
IIIII

a
I

X
I

U
J

i
1

1

i
n

u
.

I
a

U
J
t/)

X
X

Vn
o

i
-

3
(
J

1
/5

1
D

l
-
O

2
9

5

„
,_

,_
_

._
,_

!*
_

,
•
#

•
.
.
.
.

,

-^^<
^*»-inroin*u>

<
xia)K

ruo<
*rtrta)c\io-i*ino.^inooo.c\i-.t\i

«^»<
or~

t^rM
^i^eococoo<

cocor-i^K
i^"coP

£P
S£££S£;£2!2

m
^^inor-o_4ro<

N
oor-inin-.^m

<
j-iN

j^rfo-*o<
vinjnjin_.oo;coin(j.(7>

o^-or-cor-coc^oor'-r—
i~o<

\i~^oo*crco-H
O

>
,j-o.#-io>

~<
cN

j!*1.-m
co

2
2

2
2

2
2

2
2

°
2

0
0

0
0

0
°
°
°
°
°
°
°
°
°
°
°
°
°
°
o

o
o

o
o

o

^>
n

ininin^,nininininininininininininininininininininininininininin

^
"
"
*

*
•o-O

fm
'0'0>

o.O
N01oininin^-D

>
o>

oinin<
oS^?.2SSSS

«^ra*r>
.^o^(O

co^incoo^t-rgcvi>
oo>

inoot-^(N
ico*o>

*^oo^^in

SSS2^™
S00,2N

C
r<

N
ir-0>

N
m

m
oo°-,~°-oo5-?o~22S^n

CO
COCOCOCOCOcococo

COCOCO<DCOO)CDCOTOCO
COCOCOCOCOCOCOCOcom

COOTCOCOCOCO

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

o
o

'd
d

o
o

o
'o

'o
'o

o
o

o
d

o
'o

o
o

'o

(O
*t^i^ooom

m
in«r-cocooo^<

cococ0rt-r>
i*r-cofviininm

cpo>
o>

oj-



********** STEADY STATE TEST P **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

ROD X TSURF ^X lE-5^ H^PS^UHEXPS^^HEXP^ ^HEXP, HDB BTU^BpT**2 F B?uVf T&I

LEVEL G

1 1.02
3 1.02

14 1.02
16 1.02
16 1.02
18 1.02
18 1.02
18 1.02
20 1.02
20 1.02
20 1.02
21 1.02
32 1.02
34 1.02
37 1.02
38 1.02
42 1.02
45 1.02
45 1.02
45 1.02
47 1.02
50 1.02
60 1.02

1369.7
1378.4
1311.6
1393.7
1414.9
1349.6
1327.3
1352.4
1253.2
1343.2
1353.1
1309.9
1388.0
1443.7
1323.0
1353.8
1434.0
1359.4
1351.9
1363.0
1355.2
1441.0
1399.6

2.64
2.70
2.56
2.56
2.56
2.59
2.59
2.59
2.62
2.62
2.62
2.53
2.62
2.63
2.55
2.56
2.60
2.59
2.59
2.59
2.56
2.56
2.54

313.2
317.6
327.0
296.4
289.3
315.4
324.2
314.3
362.1
322.1
318.2
323.4
305.0
287.8
320.5
310.0
286.6
311.2
314.0
309.8
309.2
280.5
291.9

19.00
18.73
20.76
18.12
17.35
18.54
19.32
18.48
21.24
19.66
19.01
18.75
18.12
17.21
19.03
18.49
21.11
18.82
18.96
18.66
18.66
16.44
18.07

318.1
322.5
332.5
3 00.9
293.6
320.4
329.5
319.3
368.7
327.3
323.3
328.8
309.6
291.9
325.8
314.9
290.7
316.1
319.0
314.7
314.1
284.5
296.3

21.9
21.7
24.2
20.7
19.8
21.7
22.7
21.6
25.8
22.8
22.1
22.3
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********** STEADY STATE TEST P **********

INTERMEDIATE LEVELS

RCO X TSURF 0 X 1E-5 HEXP UHEXP HDR UHDR HDRPW HG57 UHG57 HG59 UHG59 HCB CGD X 1E-5
NO DEG F BTU/H SQFT BTU/H SQFT F BTU/H SQFT F BTU/H SQFT

LEVEL F7

60 0.98 1367.7 2.56 305.6 18.08 615.0 11.92 502.5 269.5 16.90 253.5 22.12 285.5 2.687

oo



POD

LEVEL F8

1
17
21
34
37
50
60

1.00
1.00
1.00
1.00
1.00
1.00
1.00

TSUPF
DEG F

13
13
12
11
13
14
13

78.3
20.7
92.7
08.6
16.8
21.4
96.9

*********-* STE6CY 5KTE TEST P ***»«*****

IN'TER«EC1<TE LEVFLS

ECUILIBPIUM CUCIITY CPE^TEf THftN CNF

C X 1E-5
"TU/H FT**2

FEXPS LHEXPS FEXP H-e^p
PTIJ/H FT**2 F

2.64 21C.9 18.65
2.60 228.4 19.18
2.59 239.3 19.76
2.64 200.0 18.10
2.55 322.9 19.09
2.57 267.4 16.96
2.55 292.6 17.24

311.1
328.6
339.5
300.2
324.2
287.6
293.8

21.2 611.3
22.5 6 11.3
23.4 611.3
20.5 611.3
22.4 611.3
19.2 611.3
19.7 6 11.3

K1Q
1TU/H FT*&2 F

'8* .9
239.3
29C.6
385.9
239.5
2 3 c . 4
786.2

CGF X if-1;
"U/H ft**?

2.789
2.5SO
2.494
2.3"7
2.^75
2.942
2.855

v©
VO



****r**r******«:*^**;*r*r*^

s^*:***^****^**:****:**^
************************************^^

isKr^ssssssg g: S3:S: SH **^
*;****;r*********;*r**f^^
***^;;;*^^£2£ SHn ^
**,*****n*******^^^^
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************
*************************************************

STEADY STATE TEST Q

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS

**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************
**************************************************

•rT-r-r^-rr-*--. . ^ J.J.J.J.J.J.J.J.J. **************************************************
************************************************* ..^^^^^^.i^^iii^i**********!*;******************* ****************************
************************************«^
********************************************************^

NOMENCLATURE

HCB - CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
HOB - DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
HDR - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
HORPW - DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,

WALL PRANDTL NUMBER
HEXP - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

HEXPS - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

HG57 - GROENEVELD *!7 HEAT TRANSFER COEFFICIENT
HG59 - GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
0 - HEAT FLUX
OGD - GROENEVELD-OELORME HEAT FLUX

SOTSRF - CROSS-SECTICNAL STANDARD DEVIATION OF THE

SDO - CROSS-SECTIONAL STANOARD DEVIATION OF THE
HEAT FLUX

TBULK - BULK VAPOR TEMPERATURE

TSAT SATURATION TEMPERATURE
TSRF(TSURF) - SURFACE TEMPERATURE
TF - EQUILIBRIUM FLUID TEMPERATURE
UHDR - UNCERTAINTY, DOUGALL-ROHSENOW HEAT

UHEXP - UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

UHEXPS - UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

UHG57 - UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER

UHG59 - UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT

UTF - UNCERTAINTY, EQUILIBRIUM FLUID
TEMPERATURE

UX - UNCERTAINTY, QUALITY
X - QUALITY

**********************************r*************^
*******************************************************^
**************************************************************;********^
********************************************************^
******************************************************^
***************************************************************^
**************************************************^
*****************************************************************^
*************************************************^
***************************************************^
************************************************^^
********* *************************************?*******^
****************************************************************^
**********************************************************************^
****************************************************************^
***************************************^
************:*****;*,*******^
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ROC
NO

LEVEL F

3
4
7
7

10
10
10
13
13
15
16
18
18
20
20
21
28
28
28
31
31
32
34
37
38
42
45
45
53
59
59
59
6C
64
64
64

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92

TSURF 0 X 1E-5t
OEG F BTU/H SQFT

HEXP

1120.9
1159.2
1211.0
1193.4
1248.7
1245.3
1243.3
1252.7
1247.6
1250.1
1310.5
1201.8
1163.7
1094.6
1196.8
1197.6
1235.6
1216.1
1220.9
1253.2
1262.4
1297.0
1241.8
1205.6
1235.1
1261.8
1232.0
1239.2
1299.6
1326.5
1316.8
1332.1
1337.3
1394.4
1424.6
1416.3

1.87
1.86
1.79
1.79
1.82
1.82
1.82
1.84
1.84
1.79
1.79
1.80
1.80
1.82
1.82
1.81
1.78
1.78
1.78
1.82
1.82
1.85
1.83
1.80
1.80
1.80
1.83
1.83
1.87
1.81
1.81
1.81
1.79
1.81
1.81
1.81

320.7
299.3
265.6
272.8
255.5
256.8
257.5
257.5
259.4
251.5
232.1
270.7
287.2
326.4
275.8
274.8
255.6
263.0
261.1
254.9
251. 7
243.7
260.1
269.9
258.5
248.9
263.5
260.8
245.6
229.7
232.6
22 8.1
224.3
210.8
203.6
205.5

********** STEADY STATE TEST

PRIMARY LEVELS

**********

UHEXP HDR UHOR HORPW HG57 UHG5Itm/HH<oft FBTU/H SQFT F BTU/H SQFT F

18.95
17.49
15.71
16.00
15.12
15.28
15.32
14.99
15.46
14.54
13.48
15.97
16.95
19.05
15.93
16.99
14.75
15.24
15.16
14.89
14.61
14.04
15.30
16.94
15.16
14.77
15.26
15.10
14.34
13.28
13.38
13.49
13.15
12.09
11.65
11.76

416.1
416.1
416.1
416. 1
416.1
416.1
416.1
416. 1
416.1
416.1
416.1
416.1
416.1
416.1
416.1
416.1
416. 1
416.1
416.1
416.1
416.1
416.1
416. 1
416.1
416. 1
416.1
416.1
416.1
416.1
416.1
416. 1
416.1
416.1
416.1
416.1
416. 1

8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26
8.26

339.3
338.6
337.8
338.0
337.3
337.3
337.3
337.2
337.3
337.2
336.6
337.9
338.5
339.8
338.0
338.0
337.4
337.7
337.6
337.2
337.1
336.7
337.3
337.8
337.4
337.1
337. 5
337.4
336.7
336.4
336.5
336.3
336.3
335.8
335.6
335.7

210.9
209.5
208.0
208.5
207.0
207.1
207.1
206.9
207.0
207.0
205.6
208.2
209.4
212.0
208.4
208.3
207.3
207.8
207.7
206.9
206.7
205.9
20 7.2
208.1
207.3
206.7
207.4
207.2
205.9
205.3
205.5
205.2
205.1
204.2
203.8
203.9

3.60 18 1.4
3.57 180.2
3.54 178.7
3.55 179.2
3.52 177.9
3.52 177.9
3.52 178.0
3.51 177.8
3.52 177.9
3.51 177.8
3.49 176.6
3.54 179.0
3.57 180.0
3.61 182.4
3.54 179.1
3.56 179.1
3.52 178.2
3.53 178.6
3.53 178.5
3.51 177.8
3.51 177.6
3.49 176.9
3.52 178.0
3.56 178.9
3.52 178.2
3.51 177.6
3.52 178.2
3.52 178.1
3.49 176.8
3.48 176.4
3.48 176.5
3.48 176.3
3.48 176.2
3.46 175.4
3.45 175.0
3.45 175.1

UHG59 HCB QGD X 1E-5
BTU/H SOFT

4.34 208.9 0.987

4.31 206. 5 1.060
4.27 203.7 1.160
4.28 204.6 1.126
4.25 202.0 1.233
4.26 202.2 1.228
4.26 202.3 1.224

4.25 201.9 1.241
4.25 202.1 1.231
4.25 202.0 1.236
4.22 199.7 1 .357
4.28 204.2 1.142

4.31 206.2 1.069
4.37 210.8 0.937
4.28 204.4 1.132
4.29 204.4 1.133
4.26 202.6 1.208
4.27 203.5 1.170
4.27 203.3 1.180
4.25 201.8 1.242
4.24 201.5 1.261
4.22 200.1 1 .330

4.26 202.3 1.221

4.29 204.0 1.149
4.26 202.6 1.207
4.25 201.5 1.260
4.26 202.8 1.202
4.25 202.4 1.215
4.22 200.0 1.336
4.21 199.1 1.390
4.21 199.5 1.370

4.21 199.0 1 .401
4.21 198.8 1.412
4.18 197.2 1.528
4.17 196.5 1.592
4.18 196.7 1.5 74

o



RCO X
NO

LEVEL G

1 1.1?
3 !.l?

14 .1?
16 1.1?
16 .1?
18 .1?
18 .1?
18 .1?
20 . 1?
20 .1?
20 .1?
21 .1?
32 .1?
34 .1?
37 .1?
38 .1?
42 .1?
42 . 1?
45 ] . 1?
45 1 .1?
45 ] .1?
47 . 1?
50 ] .1?
58 1 .1?
60 1 . 1 ?
64 1 .1?
64 1 .12

TSURF
DEG F

1323.6
1373.3
1318.9
1420.2
1436.0
13 56.9
1329.8
1359.9
1268.7
1351.9
1374.4
1339.7
1409.6
1430.1
1353.2
1372.4
1427.1
1450.5
1383.5
1375.8
1374.9
1374.4
1444.5
1433.7
1417.1
1438.4
1443.9

0 X 1E-5
BTU/H FT**2

1.83
1.87
1.79
1.79
1.79
1.79
1.79
1.79
1.81
1.81
1.81
1.81
1.85
1.83
1.80
1.80
1.80
1.80
1.83
1.83
1.83
1.80
1.78
1.83
1.79
1.80
1.80

********** STEAOY STATE TEST Q **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

tl!.X!L-._.UHjrBSTU/HH|XP3(t2 FUH_E_XP _HD_B

232.3
223.6
229.4
202.9
199.4
219.1
226.6
218.3
248.3
223.0
217.0
225.9
211.9
204.8
220.2
215.7
202.4
197.2
216.0
218.0
218.2
215.6
196.0
204.3
203.6
200.2
199.0

13.63
12.89
13.75
11.90
11.57
12.60
13.13
12.56
14.28
13.07
12.57
12.92
12.26
11.89
12.73
12.50
13.20
11.43
12.60
12.71
12.72
12.57
11.26
11.85
12.04
11.53
11.47

265.9
2 53.8
262.8
228.7
224.1
249.3
259.1
248.3
287.4
253.9
246.2
257.9
239.1
230.5
250.8
244.8
227.8
221.2
244.7
247.3
247.6
244.6
220.1
229.8
229.6
225.0
223.5

21.0
19.2
21.1
17.1
16.5
19.0
20.2
18.9
23.2
19.7
18.6
19.7
17.8
17.0
19.2
18.6
18.5
16.1
18.5
18.8
18.8
18.6
16.0
16.9
17.3
16.4
16.3

344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3
344.3

HCB
BTU/H FT**2 F

207.8
206.2
207.9
205.0
204.6
2 06.7
207.6
206.6
209.8
206.9
206.2
207.2
205.3
204.8
206.8
206.3
204.8
204.3
205.9
206.2
206.2
2 06.2
204.5
204.7
205.1
204.6
204.5

QGO X 1E-5
BTU/H FT**2

1 .48?
I .599
1 .47?
1 . M>9
1 .747
1 560
1 .498
1 567
1 •)•>«
1 549
1 601
1 b?l
1. 683
1. M?
1. 55?
1. 59/
!. f/h
1. /HI
1. 6?1
1. 605
1. 60-!
1. 601
1. f68
1 . /4?
1. ru?
1. /•>••»
1. lb!

©



********** STEADY STATE! TEST Q *********:*

INI'ERMEDIATE LEVELS

"CO X TSURF
DEG F !

Q X 1E-5
BTU/H SQFT

HEXP UHEXP HDR UHDR HDRPW HG57 UHG57 HG59
/H SQFT F

UHG59 HCB QGD X 1E-5
BTU/H SQFT

NO

LEVEL

60

E3

0.80 1138.3 1.78 296.9 17.67 374.3 8.05 305.1 205.3 2.43 176.4 2.72 202.2 0.821

LEVEL

60

E6

0.85 1241.1 1.79 254. 8 14.82 394.5 8.15 320. 0 205.7 2.52 177.1 2.93 199.6 1 .095

LEVEL

34
37
5C

E7

0.87
0.87
0.87

1185.7
1086.7
1179.4

1.83
1.80
1.78

282.3
327.4
277.2

16.83
19.28
16.30

401.3
401.3
401.3

8.16
8.16
8.16

326.2
328.0
326.3

208.0
211.6
208.2

2.71
2.77
2.71

179.1
182.4
179.3

3.20
3.27
3. 20

203.1
209.5
203.4

1 .030
0.851
1.018

LEVEL

14
34
37
38

E8

0.90
0.90
0.90
0.90

1162.0
1225.5
1178.6
1197.9

1.79
1.83
1.80
1.80

287.3
266.0
280. 5
273.0

17.07
15.73
16.35
15.83

410.1
410. 1
410.1
410. 1

8.21
8.21
3.21
8.21

333.7
332. 8
333.4
333. 1

209.3
207.5
208.8
208.2

3.11
3.07
3.09
3.08

180.2
178.5
179.7
179.2

3.73
3.69
3.72
3.70

205.6
202.3
204.6
203.6

1.032
1 .152
1.063
1.101

LEVEL

17
21
34
37
50

Fl

0.95
0.95
0.95
0.95
0.95

1172.7
1237.1
1283.5
1258.5
1288.8

1.80
1.81
1.83
1.80
1.78

283.2
259.3
245.3
249.4
236.8

16.34
15.06
14.42
14.44
13.65

427.3
427.3
427.3
427.3
427.3

8.38
8.38
8.38
8.38
8.38

347.4
346.4
345. 8
346. 1
345.8

208.3
206.4
205.4
205.9
205.2

5.56
5.51
5.48
5.49
5.47

178.3
176.7
175.7
176.2
175.6

6.64
6.58
6.54
6.56
6.54

207.2
204.0
202.1
203.0
201.9

1.152
1.283
1.3 79
1.327
1.389

o

LEVEL

1
14
17
34
38
50

F2

0.97
0.97
0.97
0.97
0.97
0.97

1126.4
1257.8
1247.3
1314.7
1299.9
1306.7

1.77
1.80
1.80
1.83
1.80
1.78

301.4
249.4
253.5
235.4
236.7
231.3

17.70
15.01
14.55
13.79
13.63
13.35

436.0
436.0
436.0
436.0
436.0
436.0

8.96
8.96
8.96
8.96
8.96
8.96

355.5
353.4
353.5
352.7
352.9
352. 8

207.4
203.6
203.8
202.4
202.6
202.5

12.25
12.03
12.19
12.06
12.12
12.11

176.5
173.0
173.2
172.0
172.2
172.1

15.39
15.06
14.95
14.87
14.85
14.84

211.2
204.2
204.7
202.1
202.6
202.3

1.117
1.388
1.367
1.511
1.479
1.493

*•

LEVEL

14
17
21
34
60

F3

1.00
1.00
1.00
1.00
1.00

1271.3
1260.4
1282.1
1353.3
1388.4

1.79
1.80
1.81
1.83
1.79

244.5
248.9
243.6
224.3
210.7

14.41
14.29
13.96
13.11
12.48

444.7
444.7
444.7
444.7
444.7

16.40
16.40
16.40
16.40
16.40

360.2
360.3
360.0
359.3
359.0

191.7
192.0
191.5
190.2
189.7

10.91
11.00
10.99
10.90
10.86

158.8
159.0
158.6
157.5
157.1

13.89
13.84
13.79
13.72
13.69

204.8
205.2
204.3
201.9
200.9

1.482
1 .458
1.506
1.665
1.744



PCD
NO

TSURF
DEG F

LEVEL F4

60 1.02 1225. 7

LEVEL F5

21
60

1.04
1.04

1188.7
1296.1

LEVEL F6

1
17
37
28
50
60

1.06
1.06
1.06
1.06
1.06
1.06

1261.7
1257.9
1293.4
1273.2
1349.1
1363.2

LEVEL F7

14
17
21
37
38
50
60

1.08
1.08
1.08
1.08
1.08
1.08
1.08

12 86.6
1288.5
1291.9
1319.2
1309.3
1383.4
1392.3

LEVEL F8

1
17
21
34
37
50
60

1.10
1.10
1.10
1.10
1.10
1.10
1.10

1334.8
1309.9
1319.5
1402.5
1345.4
1422.9
1417.6

Q X IE-5
BTU/H FT**2

1.79

1.81
1.79

1.83
1.80
1.80
1.80
1.78
1.79

1.79
1.80
1.81
1.80
1.80
1.78
1.79

1.83
1.80
1.82
1.83
1.80
1.78
1.80

********** STEADY STATE TEST Q **********

INTERMEDIATE LEVELS

EOUILIBRIUM QUALITY GREATER THAN ONE

HEXPS

260.5

UHEXPS HEXP UHEXP
BTU/H FT**2 F

15.15 267.5 18.6

HDB

422.2

278.6 16.05 292.9 22.1 399.9
236.3 13.68 246.7 17.6 399.9

252.8 15.31 270.0 20.7 383.4
250. 1 14.54 267.3 19.9 383.4
238.3 13.81 253.9 18.5 383.4
245.4 14.15 261.9 19.2 383.4
219.8 12.73 233.1 16.5 383.4
217.5 12.54 230.4 16.2 383.4

239.6 14.13 260.8 19.9 370.0
239.7 13.80 260.8 19.5 370.0
240.6 13.80 261.7 19.5 370.0
230.0 13.32 249.5 18.4 370.0
233.6 13.45 2 53.7 18.8 370.0
210.4 12.17 2 26.7 16.2 370.0
209.8 12.10 225.9 16.1 370.0

229.9 13.40 256.7 19.5 353.4
233.6 13.41 261.9 20.0 353.4
232.7 13.33 260.5 19.7 353.4
212.2 12.38 234.8 17.2 353.4
223.3 12.86 248.9 18.6 353.4
201.6 11.62 222.5 16.0 353.4
204.3 11.75 225.7 16.3 353.4

HCB
BTU/H FT**2 F

207.7

210.4
205.6

207.7
207.9
206.4
2 07.2
204.6
204.1

2 07.4
207.4
207.2
206.2
2 06.6
204.3
204.0

206.7
2 07.6
207.2
204.8
206.4
204.3
204.4

OGD X 1E-5
3TU/H FT**2

1.379

1..275
1,.512

1..413
1. ,M)4
1..484
1,.4 39
1. .6 1 1
1.,643

1..448
1.,<*b?
1.,460
1. 521
1.,499
1.,668
1.,689

1. 5?7
1. 468
1.,491
1. 684
1. hSl
1. nv
1. C19

CO

o
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STEADY STATE TEST R

FLUID CONDITIONS

CORRELATION COMPARISONS

ENGLISH UNITS
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HCB
HDB
HDR
HORPW

HEXP

HG57
HG59
Q
QGD

SDTSRF

SDO

TBULK

************************************

NOMENCLATURE

- CONDIE-BENGSTON HEAT TRANSFER COEFFICIENT
- DITTUS-BOELTER HEAT TRANSFER COEFFICIENT
- OOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT
- DOUGALL-ROHSENOW HEAT TRANSFER COEFFICIENT,

WALL PRANDTL NUMBER
- EXPERIMENTAL HEAT TRANSFER COEFFICIENT

Q/CTSURF-TBULKI
HEXPS - EXPERIMENTAL HEAT TRANSFER COEFFICIENT

- GROENEVELD 5.7 HEAT TRANSFER COEFFICIENT
- GROENEVELD 5.9 HEAT TRANSFER COEFFICIENT
- HEAT FLUX
- GROENEVELO-DELORME HEAT FLUX
- CROSS-SECTICNAL STANDARD DEVIATION OF THE

SURFACE TEMPERATURE „ ,.
- CROSS-SECTIONAL STANDARD DEVIATION OF THE

HEAT FLUX
- BULK VAPOR TEMPERATURE

TSAT
TSRF(TSURF)
TF
UHDR

UHEXP

UHEXPS

UHG57

UHG59

UNC
UTF

UX
X

- SATURATION TEMPERATURE
- SURFACE TEMPERATURE
- EQUILIBRIUM FLUID TEMPERATURE
- UNCERTAINTY, DOUGALL-ROHSENOW HEAT

TRANSFER COEFFICIENT
- UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

- UNCERTAINTY, EXPERIMENTAL HEAT TRANSFER

- UNCERTAINTY, GROENEVELD 5.7 HEAT TRANSFER

- UNCERTAINTY, GROENEVELD 5.9 HEAT TRANSFER
COEFFICIENT

- UNCERTAINTY
UNCERTAINTY, EQUILIBRIUM FLUID
TEMPERATURE
UNCERTAINTY,
QUALITY

QUALITY

****************************************************************************H!fjn*****n***

*!!I2inn**********************************^
11!1«**I«««*******J**^
HHS***^
*:SS3 **S^
* * *s SSS^

to
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********** ST EADY STATE TEST R 3**********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MSS FLUX 2.676 E+05 LBM/SOFT H UNC. MASS FLUX 5. 976E*03 LBM/SOFT H PRESSURE 952. 4 PS I UNC. PRESSURE 6.00 PSI

363.11 KG/SQH S 8. 1097 KG/SQM S 6.57 MPA 0.041 MPA

tEVEl 0 SDO TSRF SDTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 2.050 645.7 0.034 10.72 1305.5 707.9 60.91 33.837 53 8.6 281.8 0.757 0.4 .9254 .0334

G 2.039 642.1 0.047 14.73 13 89.2 754.3 35.46 19.701 648.1 342.6 35.683 19.8 1.1296 .0384

E2 2.000 630.0 0.000 0.00 1110.6 599.6 0.00 0.000 538.6 281.8 0.757 0.4 .777 1 .0298

E3 2.030 639.3 0.031 9.62 1118.7 604.1 111.06 61.702 538.6 281.8 0.757 0.4 .804 2 .0307

E6 1.972 621.2 0.076 23.96 1241.3 672.2 69.86 38.812 53 8.6 281.8 0.757 0.4 .8625 . 0320

E7 2.036 641.3 0.030 9.47 1232.7 667.4 18.21 10.119 538.6 281.8 0.757 0.4 .8821 .0324

E8 2.041 643.0 0.019 6.05 1266.9 686.4 14.65 8.141 538.6 28 1.8 0.757 0.4 .9079 .0330

Fl 2.019 636.0 0.052 16.50 .1322.2 717.1 23.44 13.0 23 53 8.6 281.8 0.757 0.4 .9585 .0343

F2 2.032 64 0.1 0.021 6.59 1336.9 725.3 35.33 19.629 538.6 281.8 0.757 0.4 .9843 .0350

F3 2.019 636.1 0.052 16.41 1371.9 744.7 51.99 28.884 545.2 285.4 26.8 38 14.9 1.0101 .0358

FA 1.972 621.2 0.076 23.96 1224.5 662.8 43.42 24.120 56 5.4 296.7 27.916 15.5 1.0338 .0364

F5 1.997 628.9 0.069 21.59 1284.4 696.1 56.96 31.645 578.9 304.1 30.544 17.0 1.0513 .0367
W

Ft 2.017 635.4 0.047 14.80 1341.2 727.7 42.96 23.865 593.9 312.5 31.721 17.6 1.0698 .0371 ©
-J

F7 2.019 636.0 0.041 12.85 1362.8 739.6 44.79 24.881 609.2 321.0 33.182 18.4 1.0873 . 0374

F8 2.027 638.5 0.051 16.02 1393.2 756.6 41.17 22.870 632.5 333.9 34.743 19.3 1.1121 .0380

KCMENCLATURE
Test R

ENG SI T/C Level (# wet T/C)/(Total # T/C)

C BTU/F
SCO BTU/H
TSRF OEG F
SOTSRF DEG F
TF OEG F
ITF DEG F

FT**2 X 1E5 KW/M**2
FT**2 X 1E5 KW/M**2

DEG C
DEG C
DEG C
DEG C

El

E2

E3

E6

E7

All wet

2/3

4/7
0/2
1/4



Rao X
NO

LEVEL F

3 0.93
4 0.93
7 0.93
7 0.93

10 0.93
10 0.93
10 0.93
13 0.93
13 0.93
15 0.93
16 0.93
17 0.93
18 0.93
18 0.93
20 0.93
20 0.93
21 0.93
28 0.93
28 0.93
28 0.93
31 0.93
31 0.93
32 0.93
34 0.93
37 0.93
38 0.93
42 0.93
45 0.93
45 0.93
53 0.93
59 0.93
59 0.93
59 0.93
60 0.93
64 0.93

TSURF Q X 1E-5
DEG F BTU/H SQFT

1259.6
1279.7
1298.8
1281.9
1302.9
1299.2
1296.4
1307.3
1303.7
1312.4
1367.8
1182.3
1243.5
1198.8
1127.8
1244.0
1274.3
1323.5
1294.0
1302.7
1328.8
1335.0
1388.2
1299.0
1268.2
1302.5
1333.2
1298.4
1313.7
1365.1
1375.0
1372.0
1385.3
1387.7
1442.2

2.12
2.11
2.03
2.03
2.06
2.06
2.06
2.08
2.08
2.02
2.03
2.04
2.04
2.04
2.06
2.06
2.05
2.02
2.02
2.02
2.06
2.06
2.09
2.07
2.03
2.04
2.04
2.07
2.07
2.12
2.05
2.05
2.05
2.03
2.04

HEXP

293.9
284.4
266.5
272.6
269.0
270 "
271
270
272
261
244
316.9
288.8
308.4
349.2
291.6
278.3
257.6
267.6
264.6
260.7
258.6
245.9
272.7
278.9
267.0
256.7
272.1
266.8
256.3
245.1
246.0
242.2
239.1
225.7

********** STEADY STATE TEST

PRIMARY LEVELS

UHEXP HOR
BTU/H SQFT F

17.24
16.56
15.82
16.00
16.03
16.21
16.28
15.83
16.37
15.13
14.26
18.37
17.13
18.31
20.43
16.88
17.46
14.87
15.52
15.37
15.26
15.04
14.16
16.12
17.76
15.71
15.32
15.77
15.46
15.04
14.23
14.18
14.47
14.11
12.98

459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2
459.2

UHDR

9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14

14
14
14
14
14
14

9.14
9.14

14
14

.14
14
14

,14
14
14

9.14
9.14
9.14
9.14

HDRPW

372. 5
372.2
372.0
372.2
371.9
372.0
372.0
371.9
371.9
371.8
371.3
373.7
372.7
373.4
374.7
372. 7
372.3
371.7
372.0
371.9
371.6
371.6
371. 1
372.0
372.4
371.9
371.6
372.0
371.8
371.3
371.2
371.2
371. 1
371.1
370.7

**********

HG57

223.4
222.9
222.5
222.9
222.4
222.5
222.5
222.3
222.4
222.2
221.1
225.6
223.8
225.1
227.6
223.8
223.0
221.9
222.6
222.4
221.8
221.7
220.8
222.5
223.2
222.4
221.8
222.5
222.1
221.2
221.0
221.0
220.8
220.8
220.0

UHG57 HG59
BTU/H SQFT F

4.16 196.3
4.15 195.8
4.14 195.4
4.15 195.8
4.14 195.3
4.14 195.4
4.14 195.5
4.13 195.2
4.14 195.3
4.13 195.1
4.11 194.2
4.20 198.3
4.17 196.7
4.20 197.8
4.25 200.2
4.16 196.6
4.17 195.9
4.12 194.9
4.14 195.5
4.13 195.3
4.13 194.8
4.12 194.7
4.10 193.9
4.14 195.4
4.17 196.1
4.14 195.3
4.13 194.8
4.14 195.4
4.13 195.1
4.11 194.2
4.11 194.1
4.11 194.1
4.11 193.9
4.10 193.9
4.08 193.1

UHG59 HCB GGD X 1E-5
BTU/H SOFT

5.15 219.9 1 .438
5.14 219.0 1.482
5.13 218. 2 1.526
5.14 218.9 1.487
5.13 218.1 1.536
5.13 218.2 1 .527
5.13 218.3 1.521
5.12 217.9 1 .546
5.13 218.0 1.537
5.12 217.7 1.557
5.09 215. 8 1 .683
5.20 223. 8 1.268
5.16 220.6 1.403
5.20 222.9 1.304
5.26 227.4 1.152
5.16 220.6 1.404
5. 15 219.2 1.470
5.11 217.3 1.583
5.13 218.4 1.515
5.12 218.1 1.535
5.11 217.1 1.595
5.10 216.9 1 .608
5.08 215.2 1.731
5.13 218. 2 1.527
5.16 219.5 1.457

5.12 218.1 1.535
5.11 217.0 1.604
5.12 218.2 1.525
5.12 217.6 1.560
5.09 215.9 1 .677
5.09 215.6 1.700
5.09 215. 7 1 .693
5.08 215.3 1.724

5.08 215.2 1.730
5.06 213.9 1.856

to
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RCD
NO

TSURF Q X 1E-5
DEG F BTU/H SQFT

HEXP

********** STEADY STATE TEST R

INTERMEDIATE LEVELS

UHEXP HDR
BTU/H SQFT F

UHDR HDRPW

**********

HG57 UHG57 HG59
BTU/H SQFT F

UHG59 HCB CGD X 1E-5
BTU/H SOFT

LEVEL

60

E2

0. 78 1110.6 2.00 349.6 21.29 402.4 8.74 328.8 221.3 2.67 194.4 3.02 220.7 0.849

LEVEL

34
50
60

E3

0.80
0.80
0.80

1006.7
1120.7
1228.8

2.06
2.00
2.02

440.8
344.3
292.8

29.11
21.60
17.42

412.9
412.9
412.9

8.92
8.9 2
8.92

340. 1
337.2
335.5

229.2
223.1
219.5

2.91
2.69
2.59

202.0
196.4
193.0

3.27
3.07
2.98

232.4
221.5
215.0

0.705
0.909
1.110

LEVEL

60

E6

0.86 1290.7 2.03 269.3 15.72 435.3 9.03 353. 2 221.5 2.76 195.1 3.31 215.4 1.358

LEVEL

34
37
50

E7

0.88
0.88
0.88

1245.8
1211.9
1240.4

2.07
2.03
2.01

292.4
301.6
286.2

17.53
17.66
16.86

442. 8
442.8
442.8

9.04
9.04
9.04

359.4
359.9
359.4

223.3
224.3
223.5

3.00
3.01
3.00

196.7
197.6
196.8

3.65
3. 66
3.65

218.3
219.9
218.5

1.305
1.235
1.293

LEVEL

14
34
37
38

E8

0.91
0.91
0.91
0.91

1263.7
1284.5
1249.2
1270.2

2.03
2.07
2.03
2.04

279.5
277.4
285.9
278.5

16.62
16.50
16.69
16.17

452.6
452.6
452.6
452.6

9.09
9.09
9.09
9.09

367.2
366.9
367.4
367.1

223.4
222.9
223.7
223.2

3.52
3.51
3.52
3.51

196.5
196.0
196.9
196.4

4.34
4.33
4.34
4.33

218.8
217.9
219.5
218.5

1.405
1.450
1 .373
1.420

LEVEL

17
21
34
37
50

Fl

0.96
0.96
0.96
0.96
0.96

1285.5
1306.1
1337.4
1317.8
1342.8

2.03
2.05
2.07
2.03
2.01

272.4
266.7
259.1
260.8
250.0

15.68
15.53
15.33
15.14
14.44

471.7
471.7
471.7
471. 7
471.7

9.28
9.28
9.28
9.28
9.28

382.2
382.0
381.6
381.9
381.6

221.3
220.8
220.2
220.6
220.1

7.53
7.51
7.49
7.50
7.49

193.4
193.0
192.4
192.7
192.3

8.94
8.92
8.89
8.91
8.89

220.4
219.6
218.5
219.2
218.3

1.586
I .633
1.707
1.660
1.720

LEVEL

1
14
17
34
38
50

F2

0.98
0.98
0.98
0.98
0.98
0.98

1286.6
1307.0
1328.0
1373.9
1360.5
1365.4

2.01
2.03
2.03
2.07
2.04
2.01

269.3
264.4
257.6
247.6
247.8
242.9

15.73
16.10
14.78
14.57
14.30
14.05

481.3
481.3
481. 3
481.3
481.3
481.3

10.35
10.35
10.35
10.35
10.35
10.35

390.2
389.9
389.7
389.2
389.3
389.3

217.4
217.0
216.5
215.7
215.9
215.8

12.96
12.83
12.99
12.88
12.94
12.93

188.3
187.9
187.5
186.7
186.9
186.8

15.64
15.70
15.51
15.49
15.47
15.46

221.7
220.9
220.1
218.6
219.0
218.8

1.663
1.712
1.764
1.877
1 .844
1.856

©



ROD
NO

LEVEL F3

14
17
21
34
60

1.01
I.01
1.01
1.01
1.01

LEVEL F4

60 1.03

LEVEL F5

21 1.05
60 1.05

LEVEL F6

1 1.07
17 1.07
37 1.07
38 1.07
50 1.07
60 1.07

LEVEL F7

14
17
21
37
38
50
60

1.09
1.09
1.09
1.09
1.09
1.09
1.09

LEVEL F8

1
17
21
34
37
60

1.1
l.l
1.1
1.1
1.1
1.1

TSURF
DEG F

1312.3
1325.1
1340. 8
1416.0
1434.5

12 55.2

1221.7
1333.0

1296.8
1303.7
1328.4
1309.4
1394.9
1399.8

1311.7
1335.5
1323.3
1352.9
1347.2
1430.0
1427.1

1377.6
13 59.6
1348.7
1449.4
1377.6
1451.4

Q X 1E-5
BTU/H FT**2

2.03
2.03
2.05
2.07
2.03

2.03

2.05
2.03

2.07
2.03
2.03
2.04
2.01
2.03

2.03
2.04
2.05
2.03
2.04
2.01
2.03

2.07
2.03
2.05
2.07
2.03
2.03

********** STEADY STATE TEST R **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS

261.8
258.5
255.0
235.7
226.1

282.7

UHEXPS HEXP UHEXP
BTU/H FT**2 F

15.55
14.86
14.64
13.85
13.53

16.53

264.0
260.7
2 57.1
237.5
227.8

293.7

18.2
17.5
17.1
15.8
15.3

21.0

HDB

480.9
480.9
480.9
480.9
480.9

443.9

299.5
255.0

17.31
14.81

318.2
268.6

24.0
19.1

424.3
424.3

272.6
265. 7
257.1
264.2
234.6
235.2

16.74
15.52
14.97
15.30
13.64
13.62

294.1
286.5
2 76.5
2 84.6
2 50.8
251.4

22.7
21.2
20.2
20.9
17.7
17.7

407. 8
407.8
407.8
407.8
407.8
407.8

262.4
255.6
261.1
249.8
252.3
225.7
228.4

15.63
14.77
15.03
14.54
14.58
13.12
13.24

288.8
280.5
287.0
273.5
276.4
245.2
248.1

22.2
20.8
21.4
20.2
20.4
17.5
17.7

394.4
394.4
394.4
394.4
394.4
394.4
394.4

246.4
247.7
2 52.5
227.1
242.0
221.9

14.45
14.25
14.50
13.33
14.00
12.80

2 77.4
279.6
285.6
253.2
272.5
247.4

21.0
21.1
21.6
18.5
20.4
17.8

378.0
378.0
378.0
378.0
378.0
378.0

HCB
BTU/H FT**2 F

221.9
221.4
220.9
218.6
218.2

225.5

228.0
223.2

225.5
225.2
224.3
225.0
222.1
222.0

225. 7
224.9
225.3
224.3
224.4
222.0
222.1

2 24.7
225.2
225.6
2 22.7
224.7
222.7

QGD X 1E-5
BTLI/H FT**2

1.781
1.813
1.853
2.042
2.089

1.601

1.
1

495
773

1.
L.
1
1
1.
1.

658
675
738
690
908
920

1
1.
1.
1.
i B

I
1.

6 73
732
701
777
762
977
969

1.
1.
1.
1.
1.
2.

809
762
735
998
809
004
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********** STEADY STATE TEST **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 1.766E+05 LBM/SQFT H UNC. MASS FLUX 4.001E+03 LBM/SOFT H PRESSURE 1723.0 PS I

239.60 KG/SQM S 5.4292 KG/SQM S 11.89 MPA

UNC. PRESSURE 6.00

0.041

PSI

MPA

LEVEL

G

F6

F7

F6

SCO. TSRF

SI

576.1

571.6

551.5

582.9

SDTSRF TF UTF UX

ENG

1.029

1.030

1.014

1.027

NOMENCLATURE

ENG

SI

324.1

324.4

319.5

323.4

ENG

0.014

0.000

0.000

0.006

SI

4.35

0.00

0.00

1.75

C
SCQ
TSRF

BTU/H FT**2
8TU/H FT**2
DEG F

1E5
1E5

SI

KH/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

SOTSRF DEG F
TF
CTF

DEG
DEG

ENG

1068.3

1060.3

1024.1

1080.6

ENG

39.17

0.00

0.00

40.16

SI

21.759

0.000

0.000

22.313

ENG

624.0

614.8

614.8

616.9

SI

329.2

324. 1

324. 1

325.3

Test T

ENG

15.766

0.484

0.484

15.735

T/C Level (# wet T/C)/(Total # T/C)

Fl All wet

F2 5/6
F3 5/6
F4 1/2
F5 1/3
F6 0/7
F7 1/8
F8 All dry

SI

8.8 1.0251 . 0385

0.3 .9672 .03 73

0.3 .984 2 . 03 76

8.7 1.0081 . 0381

M



********** STEADY STATE TEST T **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

RCO X TSURF Q X 1E-5 HEXPS UHEXPS HEXP UHEXP HOB HCB QGD X 1E-5
NO DEG F BTU/H FT**2 BTU/H FT**2 F BTU/H FT**2 F BTU/H FT**2

LEVEL G

1 1.03 1098.0
16 1.03 1069.0
16 1.03 1094.3
18 1.03 1015.7
3? 1.03 1096.4
34 1.03 1023.7
4X 1.03 1028.0
4? 1.03 1029.6
•>« 1.03 1058.9
60 1.03 1056.5
64 1.03 1120.6
64 1.03 1129.0

1.03 213.3 12.48 217.4 14.7 488.1 193.0 0.844
1.01 223.0 13.10 227.6 15.7 488.1 196.7 0.795
1.01 211.3 12.36 215.4 14.6 488.1 193.4 0.837
1.03 255.9 14.99 261.9 18.7 488.1 205.5 0.707
1.06 220.9 12.92 225.2 15.2 488.1 193.2 0.841
1.04 255.5 15.11 261.3 18.6 488.1 204.0 0.721
1.03 248.5 16.13 2 54.1 19.4 488.1 203.2 0.727
1.03 247.5 14.58 253.1 17.9 488.1 202.9 0.730
1.03 232.4 13.67 237.3 16.4 488.1 198.2 0.778
1.02 231.6 13.71 236.5 16.5 488.1 198.5 0.774
1.02 202.5 11.73 206.3 13.7 488.1 190.5 0.880
1.02 199.2 11.53 202.8 13.4 488.1 189.6 0.895

M

•fc.



RCD X
NO

********** STEADY STATE TEST T **********

INTERMEDIATE LEVELS

DEGRF RT.l/H^OFT ---- UHEXPRTI1/U ffiRT c UHDR HDRPW HG57 UHG57 HG59 UHG59 HCB CGD X IE-?UEG F BTU/H SQFT BTU/H SOFT F BTU/H SOFT F BTU/H SOFT

LEVEL F6

1 0.97 1060.3 1.03 231.2 13.82 509.3 10.13 378.5 233.5 8.65 179.7 8.27 196.1 0.744
LEVEL F7

60 0.98 1024.1 1.01 247.8 14.54 515.6 11.65 385.0 235.9 9.23 181.0 11.50 202.6 0.708

CO

M
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********** STEADY STATE TEST T **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

*S8 * im BT8/H F-f;l2 ^-X!L.._^_X1TU/hH|t£*2 F^-X-P H-°-B- 8TU/HHBFT**2 F B^/W^!

191.2 0.048
198.7 0.018

LEVEL F8

1
60

1.01
1.01

1109.0
1052.2

1.03
1.02

208.6
233.9

12.14
13.64

209.4
235.0

13.9
16.2

267.5
267.5

CO

M
OS
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********** STEADY STATE TEST U **********

PASS FLUX 1.778E+05

241.22

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

LBM/SQFT H UNC. MASS FLUX 4.028E +03 LBM/SOFT H PRESSURE 1694.4 PSI

KG/SQM S 5.4663 KG/SQM S 11.69 MPA

UNC. PRESSURE 6.00 PSI

0.041 MPA

LEVEL

G

F6

F7

F8

ENG

1.030

1.030

1.014

1.027

NOMENCLATURE

ENG

SI

324.3

324.5

319.3

323.5

SDO

ENG

0.014

0.000

0.000

0.006

SI

4.33

0.00

0.00

1.83

C
SCO
TSRF DEG F
SCTSRF DEG F
IF DEG F
L'TF DEG F

BTU/H FT**2
BTU/H FT**2

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

TSRF

SI

576.9

568.5

550.1

581.0

ENG

1069.9

1054.7

10 21. 5

1077.2

SDTSRF

ENG

37.12

0.00

0.00

38.11

SI

20.624

0.000

0.000

21.174

ENG

616.9

612.5

612.5

612.5

TF

SI

325.3

322.8

322. 8

322.8

UTF

ENG

16.060

0.484

0.484

0.484

T/C Level (# wet T/C)/(Total # T/C)

Fl

F2

1-3

F4

F5

F6

F7

F8

All wet

5/6
5/6
1/2

2/3
1/7
1/8

All dry

UX

SI

8.9 1.0132 .0379

0.3 .9563 . 0367

0.3 .9730 . 0370

0.3 .996 5 .0375

M

00



********** STEADY STATE TEST U **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

_"88 X im BtS/S *f& "BXPS «H«PgT0/HHE?P^ fUHEXP HOB ^^.T^^W^
LEVEL G

11! 1 1 i I i 11 1 1
8 t:.» ilflii i;8 i;< 18! i;f M Mil IS;! III!



********** STEADY STATE TEST U **********

INTERMEDIATE LEVELS

LEVEL F6

1 0.96 1054.7 1.03 232.9 13.94 499.8 9.66 373.5 232.7 5.84 179.9 5.71 196.6 0.722
LEVEL F7

6C 0.97 1021.5 1.01 247.9 14.55 506.0 10.57 379.8 235.6 9.10 181.8 11.43 202.6 0.690
LEVEL F8

1.03 232.9 13.94

1.01 247.9 14.55

1.03
1.02

209.7
233.7

12.21
13.63

1 1.00 1104.1 1.03 209.7 12.21 514.8 16.72
60 1.00 1050.2 1.02 233.7 13.63 514.8 16.72

382. 2 223.4 9.39 170.4 10.32 191.5 0.856

384.6 227.9 9.48 174.0 10.63 198.6 0 .768

to

©
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KASS FLUX 1.835E*05

249.03

LBM/SOFT H

KG/SQM S

UNC.

LEVEL

ENG

G 1.039

F6 1.033

F8 1.035

NCMENCLATURE

ENG

SI

327.2

325.5

326.1

SDQ

ENG

0.016

0.000

0.009

SI

5.05

0.00

2.75

c BTU/H FT**2 X
SDQ BTU/H FT**2 X
TSRF DEG F
SCTSRF DEG F
TF DEG F
LTF DEG F

1E5
1E5

SI

KW/M**2
KW/M**2
DEG C
DEG C
DEG C
DEG C

********** STEADY STATE TEST V **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS
MASS FLUX 4.151E+03 LBM/SOFT H PRESSURE 1744.6 PS I

5.6330 KG/SQM S 12.04 MP A

UNC. PRESSURE 6.00

C.041

PSI

MP*

TSRF

ENG SI

1069.6 576.8

1038.5 559.5

10 60.3 571.6

SDTSRF

ENG SI

29.29 16.274

0.00 0.000

39.46 21.920

UTF

ENG SI ENG SI

616.6 325.1 0.484 0.3 .9856 .0378

616.6 325.1 0.484 0.3 .9289 .0365

616.6 325.1 0.484 0.3 .9690 .C374

Test V

1 (# wet T/C)/(Total # T/C)T/C Level (# wet T/C)/(Toti

Fl All wet

F2 5/6

F3 5/6

F4 1/2

F5 2/3

F6 4/7
F7 4/8

F8 All dry

to
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********** STEADY STATE TEST V **********

INTERMEDIATE LEVELS

RCD X TSURF QX1E-5 HEXP UHEXP HD^ _UHDR_____HD_R_PW HG5_7 «{ , HG^ p.UHG5_9_____HCB ^X IE-5
iin r>FG F BTU/H SOFT BTU/H SQFT FNO DEG F BTU/H SQFT

UTLo!93 1038.5 1.03 244.9 14.73 516.6 10.16 383.4 244.3 3.67 189.9 3.83 204.9 0.693

To!:?? *8!!:i I'M mi «:3i ill:! 18:8 §?§:! !S?:S 3:88 Hi:*3 -» -- °:-
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********** ST!EADY STATE TEST W **********

LEVEL AVERAGE FLUID AND SURFACE CONDITIONS

MASS FLUX 1. 885E+05 LBM/SOFT• H UNC. MASS FLUX 4. 260E+03 LBM/SOFT H PRESSURE 1819.5i PSI UNC. PRESSURE 6.00 PSI

255.85 KG/SQH S 5. 7812 KG/SQM S 12.55i MPA 0.041 MP8

LEVEL 0 SDO TSRF SOTSRF TF UTF X UX

ENG SI ENG SI ENG SI ENG SI ENG SI ENG SI

F 1.223 385. 4 0.026 8.34 1091.1 588.7 53.23 29.574 622.5 328.4 0.443 0.2 .9418 .0386

G 1.221 384.6 0.024 7.65 1164.9 629.7 41.20 22.887 695.1 368.7 21.851 12.1 1.1700 . 0442

E6 1.218 383.6 0.000 0.00 1060.9 571.9 0.00 0.000 622.5 328.4 0.443 0.2 .8715 .0370

E7 1.228 387.0 0.000 0.00 1139.3 615.5 0.00 0.000 622.5 328.4 0.443 0.2 .8934 .0375

E8 1.238 389.9 0.012 3.74 1100.4 593.9 81.53 45.294 622.5 328.4 0.443 0.2 .9222 . 0381

Fl 1.212 381.9 0.032 9.93 1076.0 580.3 22.76 12.646 622. 5 328.4 0.443 0.2 .9787 . 0396

F2 1.223 385.1 0.014 4.33 1115.1 602.0 53.7C 29.832 625.1 329.8 13.507 7.5 1.0075 .0404

F3 1.212 381.7 0.031 9.87 1120.2 604.9 38.65 21.472 635.3 335.5 15.235 8.5 1.0363 .0413

F4 1.221 384.5 0.000 0.00 10 50 . 1 565.9 0.00 0.000 645.8 341.3 17.746 9.9 1.0628 .0420

F5 1.187 373.8 0.048 15.12 1073.0 578.7 26.30 14.614 654.3 346.0 18.947 10.5 1.0824 .0424

Ft 1.211 381.5 0.026 8.28 1112.7 600.7 31.00 17.221 664.0 351.4 19.474 10.8 1.103 2 .0427

F7 1.210 3 81.1 0.024 7.48 1116.3 602.7 24.97 13.873 673.5 356.7 20.075 11.2 1.1228 .0432

F8 1.216 382.9 0.027 8.63 1153.8 623.5 36.39 20.217 685.8 363.5 20.895 11.6 1.1504 .04 38

NOMENCLATURE
Test W

T/C Level (# wet T/C)/(Total # T/C)

ENG SI
E3 All wet

c BTU/H FT**2 X 1E5 KW/M**2 E6 1/2
SDQ BTU/H FT**2 X IE5 KW/M**2 E7 1/4
TSRF DEG F
SCTSRF DEG F

DEG "
DEG

C
C E8 1/5

IF DEG F DEG C F All dry
UTF DEG F DEG C

ON
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********** STEADY STATE TEST W **********

INTERMEDIATE LEVELS

RCD
NO

X TSURF
DEG F

Q X 1E-5
BTU/H SOFT

HEXP UHEXP HDP.
BTU/H SQFT F

UHDR HDRPW HG57 UHG57 HG59
BTU/H SQFT F

UHG59 Hce CGD X 1E-5
BTU/H SOFT

LEVEL E6

60 0.87 1060.9 1.22 277.8 16.37 526.9 11.51 384.5 250.3 3.11 194.5 3.09 205.9 0.691

LEVEL E7

1 0.89 1139.3 1.23 237.7 14.01 536. 1 11.53 387. 5 244.9 3.01 190.3 3.07 196.5 0 .839

LEVEL E8

1
34

0.92
0.92

1158.0
1042.7

1.23
1.25

229.6
296.6

13.48
17.82

548.2
548.2

11.58
11.58

395.3
400.7

245.1
255.6

3.38
3.65

190.6
199.1

3.53
3.77

195.6
210.9

0.908
0.720

LEVEL Fl

17
21
34
37
50

0.98
0.98
0.98
0.98
0.98

1100.4
1038.6
1099.1
1077.0
1070.9

1.22
1.22
1.25
1.22
1.21

254.8
293.9
261.5
269.3
270.0

14.74
17.31
15.50
15.76
15.78

571.6
571.6
571.6
571.6
571.6

12.93
12.93
12.93
12.93
12.93

414.6
418.0
414.6
415.7
416. 1

249.2
255.8
249.4
251.5
252. 1

9.37
9.32
9.17
9.30
9.32

193.1
198.4
193.2
194.9
195.4

11.34
11.93
11.51
11.58
11.61

204.0
213.8
2 04.2
20 7.3
208.2

0.891
0.785
0.889
0.850
0.840



ROD
NO

LEVEL F2

1
14
17
34
38
50

1.01
1.01
1.01
1.01
1.01
1.01

LEVEL F3

14 1.04
17 1.04
21 1.04
34 1.04
60 1.04

LEVEL F4

60 1.06

LEVEL F5

60 1.08

LEVEL F6

I
17
37
38
50
60

1.10
1.10
1.10
1.10
1.10
1.10

LEVEL F7

14
17
21
37
38
50
60

1.12
1.12
1.12
1.12
1.12
1.12
1.12

LEVEL F8

1
17
21
34
37
50
60

1.15
1.15
1.15
1.15
1.15
1.15
1.15

TSURF
DEG F

0 X 1E-5
BTU/H FT**2

1206.0
1040.6
1119.1
1124.1
1106.0
1094.5

1068.5
1123.5
1084.3
1153. 2
1169.2

1050.1

1091.6

1167.1
1113.6
1084.8
1083.6
1102.7
1141.0

1089.8
1132.5
1085.0
1108.6
1111.0
1125.4
1163.7

1210.7
1144.1
1102.3
1176.5
1130.9
1153.9
1189.3

1.23
1.21
1.22
1.25
1.22
1.21

1.21
1.22
1.22
1.25
1.22

1.22

1.22

1.23
1.22
1.22
1.22
1.21
1.22

1.21
1.22
1.22
1.22
1.22
1.21
1.22

1.23
1.22
1.22
1.25
1.22
1.21
1.22

********** STEUDY STATE TEST W **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F

HDB

210.7 12.18 211.6 13.2 580.3

289.3 17.61 291.1 20.1 580.3

245.2 14.15 246.5 15.8 580.3

248.4 14.66 249.7 16.2 580.3
252.6 14.69 254.0 16.4 580.3

256.5 14.97 2 57.9 16.8 580.3

271.2 16.12 279.2 19.4 513. 8

243.1 14.04 249.5 16.4 513.8

264.8 15.34 272.4 18.3 513.8
234.8 13.80 240.6 15.9 513.8

223.3 13.20 228.6 15.1 513.8

285.5 16.85 301.9 22.4 471.7

260.2 15.23 279.1 20.5 445.3

225.7 13.49 244.4 17.6 421.0
248.0 14.47 270.9 19.8 421. 0

264. 7 15.52 290.9 21.9 421.0
264.9 15.45 291.1 21.9 421.0
252.1 14.79 275.9 20.5 421.0

235.4 13.70 255.9 18.3 421.0

258. 8 15.36 290.5 22.5 400.9

238.8 13.83 265.3 19.4 400.9

264.4 15.35 297.2 22.7 400.9

2 51.8 14.71 281.3 21.1 400.9

250.0 14.53 279.2 20.9 400.9

240.7 14.09 267.9 19.9 400.9

225.5 13.11 249.0 17.8 400.9

209.0 12.15 234.2 16.6 379. 8

233.5 13.47 265.7 19.7 379.8

254.9 14.75 293.6 22.7 379.8

224.9 13.19 2 54.0 18.6 379. 8

240.7 13.98 275.0 20.7 379. 8

227.8 13.26 258.6 19.2 379. 8

215.4 12.47 242.4 17.4 379.8

HCB
BTU/H FT**2 F

194.4
214.5
202.7
202.2
204.3
205.9

210.
203,
208.
200.
198.

214.8

208.9

200.9
206.7
210.6
210.8
208.1
203.6

210.5
205.1
211.2
208.0
207.7
205.9
201.9

198.7
204.8
209.8
201.6
206.2
203.8
200.5

QGD X 1E-5
BTU/H FT**2

1. 1 ?5
0. fi?8
0. 96,

0. 9 II
0. 945
0.,924

0. 851
0.,950
0.,HHO
1..004
1.,033

0.800

0.861

0. 986
0. H8H
0. H35
0. H'-il

0. 868
0. 938

0. 83?
0. 9 10
0., R?3
0. 866
0. an
0.,89,
0..968

1.,044
0.,916
0,. H38
0.,9,H
0.,89?
0..9 36
1,.003
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MASS FLUX 2.537E4-0 5

344.32

********** STEADY STATE TEST **********

LEVEL AVERAGE FLU C AND SURFACE CONDITIONS

L6M/SQFT H UNC. MASS FLUX 5.683E*03 L6M/SOFT H PRESSURE 871.5 PS I
KG/SQf S 7.7115 KG/SQM S 6.01 MPA

UNC. PRESSUPE 6.00

0.041

PSI

MPA

SDO TSRF

SI

689.7

744.3

580.6

640.1

648.9

660.8

695.9

704.6

723.5

638.5

674.0

710.0

723.1

748.0

SDTSRF
UTF UX

. C322

,0370

. C296

. 0308

.0312

. 0318

. C330

.0337

. 0345

. C351

.0354

. 0357

. 0361

. 0366

LEVEL

F

G

E3

E6

E7

E J

Fl

F2

F3

F4

F5

Ft

F7

F8

ENG

1.906

1.868

1.903

1.817

1.897

1.889

1.876

1.894

1.875

1.817

1.843

1.875

1.870

1.889

NCCENCLATURE

SI

600.4

588.5

599.5

572.3

597.4

595.0

591.0

596.7

590.6

572.3

580.5

590.7

588.9

595.0

ENG

0.037

0.046

0.038

0.071

O.037

0.033

0.054

0.024

0.059

0.071

0.068

0.054

0.043

0.055

SI

11.67

14.36

11.84

22.33

11.74

10.44

16.92

7.55

18.49

22.33

21.28

17.06

13.62

17.27

ENG

c BTU/H FT**2 X 1E5
soc BTU/H FT**2 X 1E5
TSRF OEG F
SCTSRF DEG F
IF DEG F
UTF DEG F

SI

KW/M**2
KW/M**2
MG C
DEG C
DEG C
DEG C

ENG

1272.9

1371.1

1076.5

1183.6

1199.5

1220.9

1284.0

1299.7

1333.8

1180.7

1244.6

1309.5

1333.0

1377.7

ENG

63.76

35.16

37.05

61.31

35.40

29.00

26.82

45.11

49.64

5Q.84

48.51

40.76

43.63

52.56

SI

35.421

19. 534

20.585

34.059

19.668

16.110

14.900

25.063

27.578

28.245

26.952

22.642

24.241

29.197

ENG

528.0

640.1

528.0

528.0

528.0

528.0

528.0

528.0

536.4

556.2

572.0

587.4

602.7

624.4

SI

275. 9

338.2

275.9

275.9

275.9

275.9

275.9

275.9

280.6

291. 5

300.3

308.9

317.4

329.4

ENG

0.824

35.295

0.824

0.824

0.824

0.824

0.824

0.824

27.746

30.288

32.139

32.903

33.132

34.813

T/C Level

F.2

L:3

E6

07

F.8

F

Test X

(It wet T/C)/(Total # T/C)

All wet

4/7
0/2

1/4
1/5

All dry

SI

0.5

19.6

0.5

0.5

0.5

0.5

0.5

0.5

15.4

16.8

17.9

18.3

18.4

19.3

.9309

1.1255

.8147

.870 6

.8894

.9141

.9626

.9873

1.0121

1.0347

1.0513

1.0689

1.0855

1. 1089

to
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ROD
NO

LEVEL G

1 1.13
3 1.13

14 1.13
16 1.13
16 1.13
18 1.13
18 1.13
18 1. 13
20 1.13
20 1.13
20 1.13
21 1.13
32 1.13
37 1.13
38 1.13
45 1.13
45 1.13
45 1.13
47 1.13
60 1.13

TSURF
DEG F

1353.3
1392.8
1312.2
1418.3
1431.7
1380.5
1350.2
1384.3
1277.2
1362.6
1383.3
1341.5
1394.8
1347.2
1373.3
1381.6
1380.9
1383.0
1367.2
1418.8

Q X 1E-5
BTU/H FT**2

1.91
1.96
1.85
1.86
1.86
1.88
1.88
1.88
1.90
1.90
1.90
1.83
1.90
1.84
1.85
1.87
1.87
1.87
1.85
1.84

********** STEADY STATE TEST X **********

PRIMARY LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS

231.9
226.3
236.3
208.5
205.4
220.5
228.6
219.5
253.7
2 27.7
222.2
225.3
219.0
225.0
219.0
219.7
219.8
219.3
220.7
206.9

UHEXPS HEXP UHEXP
BTU/H FT**2 F

13.62
13.05
14.21
12.26
11.95
12.69
13.25
12.63
14.59
13.37
12.89
12.88
12.69
13.02
12.70
12.83
12.83
12.78
12.89
12.25

268.4
2 59.9
275.7
238.6
234.5
2 53.8
264.7
252.5
298.3
263.0
255. 7
261.3
251.6
260.7
252.4
252.9
2 53.1
252.4
254.7
236.7

20.9
19.5
22.4
17.9
17.4
19.1
20.4
19.0
24.1
20.4
19.4
20.1
18.9
20.1
19.2
19.3
19.3
19.2
19.6
17.9

HOB

346.1
346.1
346.1
346.1
346.1
346.1
346.1
346.1
346. 1
346.1
346.1
346.1
346.1
346.1
346.1
346.1
346.1
346.1
346.1
346.1

HCB
Btu/h FT**2 F

215.1
214.0
216.4
213.3
213.0
214.3
215.2
214.2
217.7
214.8
214.2
215.4
213.9
215.3
214.5
214.3
214.3
214.2
214.7
21j.3

QGD X 1E-5
BTU/H FT**2

1.6 23
1.720
1.524
1.785
1.817
1.690
1.616
1.700
1.440
1.647
1.697
1.595
1.725
1.608
1.674
1.693
1.691
1.697
1.658
1.786

to

-ft



ROD
NO

TSURF Q X 1E-5 HEXP
DEG F BTU/H SQFT

********** STEADY STATE TEST X

INTERMEDIATE LEVELS

UHEXP HDP.
BTU/H SQFT F

UHDR HDRPW

**********

HG57 UHG57 HG59
BTU/H SQFT F

UHG59 HCB CGD X 1E-5
BTU/H SQFT

LEVEL E3

34
50

LEVEL

0.81
0.81

E6

1050.3
1102.7

1.93
1.88

369.5
326.6

23.42
20.2 8

383. 1
383.1

7.90
7.90

317.7
316.6

213.4
211.1

2.62
2.56

187.4
185.2

3.02
2.96

216.4

212.3
0.750
0.840

60

LEVEL

0.87

E7

1226.9 1.87 267.1 15.58 403.0 8.00 330. 8 209.9 2.79 184.1 3.36 208.0 1 .169

34
37
50

LEVEL

0.89
0.89
0.89

E8

1226.8
1159.5
1212.2

1.94
1.87
1.88

277.4
295.6
275.5

16.53
17.28
16.17

409.6
409.6
409.6

8.01
8.01
8.01

336.0
337.0
336.2

210.4
212.3
210.7

3.06
3.08
3.06

184.4
186.2
184.8

3.73
3.76
3.73

208.9
212.3
209.6

1.207
1.076
1 .179

14
34
37
38

LEVEL

0.91
0.91
0.91
0.91

Fl

1197.9
1262.3
1204.3
1218.9

1.88
1.94
1.87
1.87

280.2
264.0
276.0
271.3

16.61
15.61
16.06
15.72

418.2
418.2
418.2
418.2

8.06
8.06
8.06
8.06

343.6
342. 8
343. 5
343.3

211.3
209.7
211.1
210.7

3.66
3.63
3.65
3.64

184.9
183.5
184.8
184.4

4.51
4.47
4.50
4.49

211.5
208.6
211.2
210.5

1.205
1.338
1.219
1.248

17
21
34
37
38
50

LEVEL

0.96
0.96
0.96
0.96
0.96
0.96

F2

1257.5
1254.4
1323.4
1273.6
1272.5
1313.2

1.91
1.90
1.94
1.87
1.87
1.88

261.4
260.9
243.7
250.4
251. 8
240.1

15.02
15.15
14.33
14.49
14.54
13.83

435. 1
435.1
435. 1
435. 1
435.1
435.1

8.22
8.22
8.22
8.22
8.22
8.22

356. 6
356.6
355.9
356.4
356.4
356. 0

207.5
207.6
206.2
207.1
207.2
206.4

8.24
8.24
8.18
8.22
8.22
8.19

180.1
180.2
178.9
179.8
179.8
179.1

9.45
9.46
9.39
9.44
9.44
9.40

211.1
211.2
20 8. 7
210.4
210.5
209.0

1.448
1.441
1.5 95
1.484
1.482
1.571

1
14
17
34
38
50

0.99
0.99
0.99
0.99
0.99
0.99

1235.4
1269.7
1297.1
1359.9
1297.3
1338.5

1.88
1.88
1.91
1.94
1.87
1.88

266.3
253.4
247.9
232.9
243.6
232.5

15.53
15.29
14.20
13.64
14.04
13.42

443.7
443.7
443.7
443.7
443. 7
443.7

9.89
9.89
9.89
9.89
9.89
9.89

363.7
363.3
362.9
362.3
362.9
362.5

203.5
202.8
202.2
201.1
202.2
201.5

12.80
12.68
12.80
12.70
12.78
12.75

174.8
174.1
173.6
172.7
173.6
173.0

15.37
15.38
15.19
15.14
15.21
15.14

213.2
211.7
210.7
208. 7
210.7
209.3

1 .463
1.542
1 .603
1.750
1.603
1.699

lo



RCO
NO

TSURF
DEG F

LEVEL F3

14
17
21
34
60

1.01
1.01
I.01
1.01
1.01

1281.3
1303.7
1290.4
1402.7
1376.6

LEVEL F4

60 1.03 1216.6

LEVEL F5

21
60

1.05
1.05

1192.1
12 87.8

LEVEL F6

1
17
37
38
50
60

1.07
1.07
1.07
1.07
1.07
1.07

1271.6
1286.9
1285.4
1280.0
1373.9
1358.7

LEVEL F7

14
17
21
37
38
50
60

1.09
1.09
1.09
1.09
1.09
1.09
1.09

1285.2
1324.3
1295.0
1313. 5
1315.5
1409.3
1387.9

LEVEL F8

1
17
21
34
37
50
60

1.11
1.11
1.11
1.11
1.11
1.11
I.11

1359.6
1334.5
1324.0
1447.7
1340.7
1451.7
1417.0

Q X IE-5
BTU/H FT**2

1.88
1.91
1.90
1.94
1.87

1.87

1.90
1.87

1.94
1.91
1.87
1.88
1.89
1.87

1.88
1.91
1.90
1.87
1.88
1.89
1.87

1.94
1.91
1.90
1.94
1.87
1.89
1.87

********** STEADY STATE TEST X **********

INTERMEDIATE LEVELS

EQUILIBRIUM QUALITY GREATER THAN ONE

HEXPS UHEXPS HEXP UHEXP
BTU/H FT**2 F

249.1 14.70
245.8 14.10
248.6 14.25
221.6 12.95
220.0 13.07

251.9 17.6
248.5 16.9
251.4 17.2
223.7 14.9
222.2 15.1

271.1 15.81 282.7 21.1

HDB

439.2
439.2
439.2
439.2
439.2

409.3

285. 4 16.46 3 05.6 23.9 391.1

245.7 14.24 260.8 19.2 391. 1

261.1 15.90 283.7 22.3 376.7

252.0 14.66 273.3 20.6 376.7

246.9 14.33 267.9 20.2 376.7

249.7 14.41 271.0 20.4 376.7

223.2 12.93 240.0 17.3 376.7

225.1 13.00 242.4 17.5 376. 7

248.2 14.67 275.3 21.3 365.8

240.0 13.82 264.8 19.6 365. 8

247.4 14.21 2 74.1 20.6 365. 8

237.8 13.79 262.7 19.7 365.8

238.3 13.72 263.3 19.6 365.8

214. 1 12.40 234.0 16.7 365.8

217.4 12.55 238.0 17.1 365. 8

233.8 13.65 264.5 20.1 352.8

237.2 13.61 269.3 20.5 352.8

238.9 13.69 271.8 20.8 352. 8

211.4 12.34 236.2 17.2 352. 8

230.4 13.28 2 61.4 19.9 352. 8

204.7 11.81 228.6 16.4 352.8

210.7 12.12 236.3 17.2 352. 8

HCB
BTU/H FT**2 F

212.4
211.6
212.1
208.7
209.3

216.3

?ia. 3
214. 0

?15. 4
X14. a
?i4. 9
X15. !
?]/.,0
212.,4

215.,6
V14.,2
V15.,3
214..6
214..5
211..8
212..4

?14,.2
/IS.. 1)
715 .3
n?..0
714,.8
211 .9
21Z.. r

OGD X 1E-5
BTU/H FT**2

1.608
1.659
1.629
1.897
1.835

1.424

1. 34?
1. 565

1. 500
1. 535
1. 5 32
1. 520
1. ^43
1. /06

1. 509
I. 602
1.,533
1.,5 lb
1.,580
1,, KM
1., Ibl

1 .659
1,,598
I,.5 fi
1..8 "
1 .6 IS
1 .886
1 .801

CO
CO

OS
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