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CONDENSATION OF AMMONIA ON THE OUTSIDE OF SMOOTH AND
FLUTED TUBES AT VARIOUS TUBE POSITIONS

N. Domingo

ABSTRACT

Experiments were conducted to determine the heat transfer
performance obtained for ammonia condensing on the outside of
six tubes of four distinct types: (1) a smooth tube, (2) two
single—-fluted tubes, (3) two double—fluted tubes, and (4) an
external-finned tube. All tubes tested were 2.54 cm (1.0 in.)
in nominal diameter and 1.22 m (4.0 ft) in length. Condensing
heat transfer coefficients are reported as composite coeffi-
cients (including the resistances of both condensing film and
tube wall) for (1) a smooth tube condensing in the horizontal
position and at various tilt angles, (2) two single—fluted tubes
condensing in the vertical position, and (3) a finned tube con-—
densing in the horizontal position. Overall heat transfer data
are given for both double—-fluted tubes, Data show that for a
given heat flux, a horizontal smooth tube can increase compos-—
ite coefficients by up to 2.1 times the vertical smooth—tube
values. For a single—fluted tube, composite coefficients in-
creased by up to 5.2 times the corresponding vertical smooth-—
tube values. However, on a horizontal position, the finned tube
gave the lowest performance of any other tube tested in this
study. Finally, for one double-fluted tube, inside fluting in-
creased the overall heat transfer coefficient by as much as 25%
more than that for a tube with identical external flutes and a
smooth inside surface.

1. INTRODUCTION

The heat exchangers of an ocean thermal emergy conversion (OTEC)
closed-cycle power system are large and constitute a major part of the
total-system capital costs., Therefore, improvements in heat exchanger
thermal performance can clearly result in substantial cost reduction and
will favorably affect the overall feasibility of developing the ocean
thermal energy resource. The essential problem is the design of a unit
that will yield acceptably high heat transfer under low—temperature po-—
tential and minimal power loss.

One approach to lowering the cost of the heat exchangers is to reduce
their size by using enhanced heat transfer surfaces to increase heat trans-—

fer coefficients. Earlier studies at the Oak Ridge National Laboratory



(ORNL) by Combs1,2? investigated the heat transfer performance for ammonia
condensing on the outside of vertical and inclined tubes with enhanced
(fluted) outside surfaces, Although the magnitude of enhancements varied
with tube geometry, tube inclination, and heat flux, condensing heat
transfer coefficients for vertical fluted tubes showed improvement factors
of up to 7.2 times vertical smooth—tube values.

This report presents additional experimental data for ammonia con-
densing on a variety of vertical fluted tubes. The study also includes
data for condensation on a smooth tube in the horizontal position and at
various tilt angles and on a horizontal external-finned tube.

Rackground material for this study was given in a previous report,?
with detailed descriptions of the equipment, procedures, and instrumenta-
tion, all of which remained the same throughout this study. Therefore,

only brief descriptions are provided herein,



2. DESCRIPTION OF EQUIPMENT

The ORNL test loop in this study is shown schematically in Fig. 1 and
is presented in an overall view in Fig. 2. The equipment is basically as
described in earlier studies.,2 Major components of the loop include the
(1) boiler, (2) entrainment separator, (3) condenser test section, and
(4) condenser water-storage tank and pump. A detailed description of each
component was presented in Ref. 1 and therefore will not be repeated in
this report. Prior to this series of experiments significant design modi-
fications were made to the loop and condenser test section to accommodate
all of the condenser orientations that would be encountered in satisfying
the test requirements of this study. A summary of these modifications,
with a brief description of the loop’s general flow and condenser tube in-—

stallation, is given in succeeding sections of this report.

2.1 Equipment Modifications

In initial studies,® the condenser test section was installed in the
vertical position to obtain ammonia condensation data on the outside of
vertical smooth and fluted tubes. Later, for another study,? the test
section was rigidly installed 30° from the vertical to determine the ef-
fect of inclination on the condensing performance for both a smooth and
a fluted tube.

To obviate the difficulties encountered in this study by repeated
loop design modifications with each change in condenser tilt position,
several provisions were incorporated into the existing loop, making the
condenser test section adaptable to any angle of inclination, including
horizontal and vertical positions. These provisions included the instal-

lation of the following:

1. flexible 2.54-cm (1-in,) nominal diam corrugated stainless steel hoses
between the entrainment separator and condenser vapor inlet, and be-
tween the condenser outlet and condensate measuring station (Fig. 1);

2. flexible 3.18-cm—ID (1.25-in.) rubber hoses for the water inlet and

outlet lines to and from the condenser, respectively;



ENTRAINMENT
SEPARATOR

VAPOR GENERATION — |

CONDENSATION LOOP
(AMMONIA LOOP)

LIQuUID
LEVEL
INDICATOR

TO VENT, VACUUM,
AND PURGE SYSTEMS

WATER OUTLET

b TEMPERATURE

VAPOR
TEMPERATURE —
PRESSURE

RETURN

|
|
|
|
le
LIQUID {
|
LINE :

I | —VIEW PORT

FALLING FILM CONDENSER
TEST SECTION

*~_TEST TUBE

LIQuUID

—ZT

4 WATER INLET

' ROTAMETER

TEMPERATURE

ORNL—-DWG 77-12422

PRIMARY COOLING
WATER LOOP

™t

SECONDARY
COOLING

WATER LOOP

PRy, T

CONDENSATE FLOW
MEASURING STATION

Fig. 1.

Schematic diagram of experimental apparatus.






3. stainless steel quick—connect fittings at the condenser vapor inlet
and condensate outlet, which provided swivel movement at both of these
ends;

4. a metal frame that supported the test section and was allowed to pivot
at one end; and

5. a hoist for raising or lowering the frame and test section assembly to

the desired angle of inclination.

Figures 3 and 4 are photographs of the condenser test section after these
modifications to the loop were made.

As reported in Refs. 1 and 2, the test section was a single—tube
condenser made of stainless steel and was designed to accommodate tubes
2.54 cm (1 in.) in nominal diameter and 1.2 m (4 ft) in length. Two view
ports were used in the test section to permit visual and photographic ob-
servation of the condensing tube'’s surface (Fig. 4). In addition to these
equipment changes, two other features were added to the condenser test
section itself. A 1.3-m—1long (47-in.), 7.6-cm—diam (3-in.) stainless
steel trough was installed inside the condenser and placed below the test
tube to collect the condensate attributed only to the condensing tube’s
surface. The bottom head of the condenser test section (Fig. 5) was modi-—
fied by welding a 7.6—cm (3-in.) extension to the existing shell-drain
separator cup. Both of these features were necessary to increase the ac-—
curacy of the condensate flow measurements during horizontal and inclined

condenser tests.

2.2 General Flow Description

Flow directions are indicated by arrows in the simplified schematic
diagram (Fig. 1). The system (designed for a maximum heat load of 5 kW)
consisted of three circuits: working fluid, primary cooling, and second-
ary cooling loops. The working fluid loop was designed for ammonia with
maximum operating pressure and temperature set at 1724 kPa (250 psia) and
316 K (110°F). The system was manually controlled, and the heat load was
set by the power output to the boiler.

The working fluid was vaporized in the boiler and passed through an

entrainment separator before entering the condenser test section. The
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vapor entered at the top of the condenser, and the liquid collected in the
entrainment separator returned to the boiler. Vapor condensed on the
outer surface of the test tube in the test section, exited as a nearly
saturated liquid at the condenser bottom, and passed through a condensate
measuring station before returning to the bottom of the boiler to complete
the closed loop. A pump was not needed for ammonia circulation because
the liquid head in the test section side of the loop furnished the driving
force required for flow through the condensate measuring station.

In the primary cooling loop, demineralized water was circulated by a
small centrifugal pump from a storage tank upward through the condenser
test section and back to the storage tank. The primary coolant flow was
measured by rotameters upstream of the test section and was controlled by
a manually operated valve located downstream.

The secondary cooling loop removed the heat load from the system by
transferring the heat from the primary cooling water to the plant process
water that circulated through a cooling coil in the storage tank. The
secondary coolant flow rates were regulated by manually operated valves
and were measured by rotameters located upstream of the cooling coil.
Plant process water—line pressure furnished adequate circulation through

the secondary cooling loop.

2.3 Condenser Tube and Installation

Because the heads on the condenser test section (Fig. 5) were de-
signed to seal around a smooth 2.54-cm—OD (1-in.) tube, other candidate
test tubes were prepared for testing by welding a 2.54-cm—-OD, 13.34-cm—
long (5.25-in.) sleeve to each end of a 1.17-m (46—in.) length of tube.
During installation, the upper section of the top head was removed, and
the test tube was inserted downward into the shell until the bottom sleeve
slid through the four O-ring seals in the bottom head. The upper section
of the top head was then slipped over the top sleeve and bolted to the
lower section to complete the shell-side sealing operation, Then, inlet
and outlet cooling water connections were made to the protruding sleeves

at the bottom and top heads, respectively.
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A 1.27-cm-0D (0.5-in,) stainless steel rod was installed through the
center of the condenser section (inside the test tube) to decrease the hy-—
draulic diameter and to increase the water velocity for a given primary
cooling volume flow and thus improve the accuracy of the Wilson-plot tech-

nique? used to interpret the experimental data.

2.4 Test Tubes

The condensing heat transfer performance of seven tubes (designated
A, E, F, F-1, F-7, G, and H) of four distinct types (smooth, single-—
fluted, skirted, and double—fluted) has been previously reported.1,2 In
this study, performance data for five additional tubes (H*, L, L*, T, and
V), with horizontal and inclined condensation data for smooth Tube A, are
presented., Vertical condensation data for the previously tested Tubes A,
E, and H are also reported and form the basis for comparison with the
other tubes examined.

Pertinent characteristics of the tubes are given in Table 1. En-
larged photographs of sample tube sections are shown in Figs. 6 and 7.
Tubes were formed of aluminum, except for types T and V, which were made
of carbon steel and stainless steel, respectively. Tube A had a smooth in-
side and outside surface. Tube H* had 34 internal and 36 external flutes
(similar to Tube H in Ref. 2). Tube L* had 90 internal and 60 external
flutes. Tube L had a smooth inside surface and 60 external flutes (exter-—
nally identical to Tube L*). Tube T (similar to Tube E in Ref. 1) had a
smooth inside surface and 60 external squared flutes. Tube V had a smooth
inside surface but featured external fins.

Tube A was a standard commercial smooth tube.1,2 Tube H*, like the
earlier Tube H, was designed, supplied, and also tested by Carmegie—Mellon
University (CMU);* these tubes have been used in the fabrication of two
CMU heat exchangers recently tested at Argonne National Laboratory
(ANL).5,% Tubes L and L* were experimental tubes designed by ORNL and
custom—made by Precision Extrusion, Incorporated. Tube T was custom—made
by Grob, Incorporated. Tube V was designed and supplied by the Trent Tube

Division of Colt Industries, using their newly developed alloy "Seacure."



Table 1.

Characteristics of tubes

[Nominal 2.54-cm (1-in.) OD, 1.22 m (4 ft) long]

Surface area Number of
Tube Description Material [m? (£ft2)] flutes
Inside Outside External Internal
Smooth Aluminum 6061 0.085 (0.911) 0.097 (1.047) 0 0
@ Single—fluted Aluminum 6061 0.081 (0.873) 0.149 (1.605) 60 0
Double—~fluted Aluminum 6061 0.085 (0.918)b 0.164 (1.760) 45 34
H* Double-iluted Aluminum 6061 0.085 (0.918)b 0.150 (1.617) 36 34
L Single-fluted Aluminum 6061 0.081 (0.863) 0.140 (1.504) 60 0
L* Double—fluted Aluminum 6061 0.106 (1.140) 0.140 (1.504) 60 90
T Single—fluted Carbon steel 1010 0.081 (0.863) 0.149 (1.605) 60 0
v¢ Finned Stainless steel 0.045 (0.480) 0.182 (1.961) d 0
aSimilar tc Tube L, but with squared instead of rounded flutes. Also identical to Tube T,

except for material,

Area based on a diameter—to-midpoint on inside flutes.

cAreas based on a 67.63-cm (2.22-ft) condensing length,

dTwenty—six fins per inch, ~3.05 mm (0,012 in.) thick.

(4!
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The external perimeter of most tubes was measured as the length of
thin tape forced to conform closely and completely around the tube’s out-
side surface. Measurements were also made from enlarged photographic
cross sections of available tube samples. The surface area of smooth
Tube A was based on a 1.22-m (48-in.) length — the total length available
within the test section (Fig. 5). However, the areas of the enhanced
tubes, except for Tube V, were based on a 1.17-m (46-in,) effective length
to account for the 1.27-m (0.5-in.) adapter sleeve and installation clear-
ance on each end of the enhanced tubes. The area of Tube V was based on
a 67.63—cm (2.22-ft) effective length — the total available finned length
supplied by the manufacturer; the tube was prepared by welding a longer
stainless steel adapter sleeve and insulating the excess length within the

test section.
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3. PROCEDURES AND INSTRUMENTATION

The objective of this study was the determination of composite heat
transfer coefficients for ammonia condensing on the outside surface of
horizontal, inclined, and vertical tubes. To apply the Wilson-plot tech-
nique to the condensation process, heat rates and temperature differences
were calculated from data taken during steady-state operations., (See
Appendix A for sample calculations.) Accurate temperature measurements
were critical to evaluation of condenser prerformance; measurement of tem-—
perature differences as small as 0.11 K (0.2°F) to within +0.02 K
(0.04°F) was sometimes necessary. Further, very small condensate flows
[as low as 6.31 x 107 m®/s (0.01 gpm)] had to be measured accurately for
good interpretation of the experimental data.

Because the details of the operating procedures and instrumentation
were given in a previous report,® only a brief summary will be presented

in the following sections.

3.1 Steady-State Operation

The heat rate to the boiler was controlled by a stack of six Variacs.
Each Variac regulated the voltage to two tubular heaters, and any combina-
tion of the six Variacs could be used to obtain desired experimental heat
rates. After the heat rate to the boiler was set, the primary cooling
flow rate was adjusted by the valve downstream of the test section, Be-
cause the inlet temperature of the secondary cooling water was fixed by
the plant process water conditions, the flow rate of the secondary cooling
water was used to control the temperature of the primary cooling water.
This in turn controlled the vapor temperature in the test section. Tem-
peratures and pressures throughout the system were monitored to determine
when a steady-state condition was reached; steady state existed when no
significant change in temperature [+0.06 to 0.11 K (+0.1 to 0,.2°F)] oc-
curred throughout the system over a 5- to 10-min span,

Once a steady state was achieved, the experimental data were re-—
corded. The recorded information included (1) vapor temperature and

pressure in both the condenser and boiler, (2) flow rate and temperature
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of the condensate, (3) inlet and outlet temperatures and flow rates of the
primary and secondary coolants, and (4) voltage and current to each pair
of heater rods. These data were then used to calculate heat transfer
rates and temperature differences in the system and to check pressure-
temperature values against saturation data in the literature. (See Appen—~
dix A for examples,)

After all data were recorded for a given steady-state condition, the
flow rate of the primary cooling water was changed, and the flow rate of
the secondary cooling water was adjusted until the system reached a new
steady state. When this steady state was reached, the experimental data
were again recorded. This same procedure was followed until data were col—
lected for five to six primary coolant flow rates at the same boiler heat
rate. In the experiments, the primary coolant flow rates ranged from 0,19
to 2.15 x 10-% m?®/s (3.0 to 34.0 gpm). The heat rate to the boiler was

then changed, and the entire procedure was repeated at the new heat rate.

3.2 Instrumentation

The power input to the boiler was monitored by voltage and current
measurements for each pair of tubular heaters. The pressures in the
boiler and condenser were measured with gages (U.S. gage, dial No. 33006)
capable of spanning the range of 0 to 2.07 x 103 kPa (0 to 300 psig). The
ammonia loop was also equipped with a compound gage for reading both low
and subatmospheric pressures.

The system was equipped with Chromel-Alumel thermocouples to obtain

temperatures used for monitoring loop operation. Two multipoint recorders
were available to obtain a permanent record of temperature measurements,
Thermocouples were located (1) in the liquid and vapor of the boiler,
(2) in the vapor feed to the test section, (3) in the inlet and outlet of
both cooling water loops, (4) near the condensate measuring station, and
(5) on each heater. The recorded thermocouple data were used in deciding
when the system reached a steady state.

Thermistors (Thermometrics, part No. S-10-4 wire) and quartz ther-
mometers (Hewlett—Packard, model 2801 A) were installed in the water inlet

and outlet lines of the condenser and in the ammonia vapor feed line to
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the test section. A quartz thermometer was also located near the conden-—
sate measuring station. All thermistors were wired to a switch box that
permitted individual resistance readout on a digital multimeter (Data
Precision, model 3500). The information from the thermistors and quartz
thermometers was used for data reduction because of the greater accuracy
attributed to these instruments. The three sets of temperature measuring
instruments were checked against each other to increase confidence in
their measurements.

The condensate flow in the ammonia loop could be measured by two
instruments: (1) an integral orifice meter and (2) a turbine flow trans—
ducer. These two instruments were arranged in parallel, with piping per-
mitting the flow to pass through either device. During this investiga-—
tion, the turbine flow transducer (Flow Technology, model FTM-NX3-LJS)
equipped with a range—extending amplifier (Flow Technology, model LFA-
300AX) was used to facilitate operation because the integral orifice meter
would have required frequent changes in orifice plates to accommodate
various flow ranges. Because of the range—extending amplifier, the full
range of interest, 0.63 to 12.6 x 10-¢ m3/s (0.01 to 0.2 gpm) was covered
with only one instrument. Earlier work?,? had shown that measured values
from the two instruments agreed to within a few percent.

The primary cooling water flow was measured by one of two rotameters
in parallel upstream of the test section. The rotameters were capable of
covering the operating range of 0.19 to 2.15 x 103 m3/s (3.0 to 34.0
gpm). The larger rotameter was used to measure primary coolant flows
greater than 0.63 x 10~3 m?*/s (10 gpm), while the small rotameter measured
primary coolant flows below 0.63 x 10-3 m3/s (10 gpm). The information
from these two rotameters was utilized in the data reduction (see Appen—
dix A).

The secondary cooling water was measured by a small rotameter up-—
stream of the cooling coil. The rotameter was used for monitoring second-

ary coolant flows that ranged from 0 to 0.25 x 102 m3/s (0 to 4.0 gpm).
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4. ANALYSIS

4.1 Overall Condensing Coefficients

The overall heat transfer conductance (coefficient) in the condenser

is given by:

U= —— (4.1)

AT = overall temperature difference between the condensing ammonia
vapor and the primary cooling water,
A = total outside heat transfer surface area of the tube,

Q = condenser heat rate.

The arithmetic mean difference can be used for AT because in most
cases the temperature difference across the water was relatively small.

Therefore:

AT =T — (T , +T )2, (4.2)
v w,1in w,out

where Tv is the vapor temperature and the second term on the right is the
average of the inlet water temperature Tw in and the outlet water tempera-—

»

ture T .
w,out

Three independent ways to determine the heat rate Q of the condenser
test section are from (1) the ammonia side of the condenser, (2) the pri-
mary cooling water passing through the condenser, and (3) the secondary
cooling water passing through a coil located within the primary cooling
water storage tank. For this study, the first method was found to be the
most accurate and was used exclusively in all calculations in this report,

but other methods agreed well. The condenser heat transfer rate may be

. . . ¥
determined according to the relation

, (4.3)

*
Condensate subcooling is disregarded; contribution to the heat
transfer rate Q is less than 0.1%.
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where ﬁc is the condensate mass flow rate and hfg is the latent heat of
the condensing fluid. In this analysis, all physical property data for
ammonia (R-717) are taken from American Society of Heating, Refrigeration,
and Air Conditioning Engineers handbooks,7—*

The overall heat transfer coefficient, based on the total tube out-—
side—-surface area, can be calculated from Eq. (4.1), using Eq. (4.2) to

calculate AT and Eq. (4.3) to calculate Q.

4.2 Individual Heat Transfer Coefficients

The overall resistance to heat flow (ZR = 1/U) is equal to the sum of

the individual resistances; therefore:

1
- = + + + +
U RV Rwall Rw Rfo Rfi ’ (4.4)
where
Rv = resistance on the vapor (condensing) side,
= resistance of the wall,
wall

Rw = resistance of the water side,

Rfo and Rfi = any fouling resistance on the outside and inside

surfaces of the tube, respectively.

If fouling is neglected and individual heat transfer coefficients h are

introduced, the overall coefficient based on outside—surface area Ao be-

comes:
1 1 Ao
— o — +
U5 " Rartan ¢ (4.5)
v iw
where
hv = condensing ammonia film coefficient,
hw = water—side coefficient,
A and Ai = total outside and inside surface areas of the tube,

respectively.
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For a smooth tube, the wall resistance based on the outside tube area

is given by:

Rwa11 =T 1n (ro/ri)k , (4.6)
where
k = tube wall thermal conductivity,
ro = outside radius,
r, = inside radius of the tube.

However, the wall resistance for the more complicated wall geometry and
heat distribution of enhanced tubes is very difficult to estimate. To
compare performances of smooth and enhanced tubes, a combined resistance
(or inverse conductance) lumping the tube’s condensing side and wall re-
sistances was defined. This "composite" resistance 1/h* can be repre-

sented as:

+ R

1
he E: vall (4.7)

The substitution of Eq. (4.7) into Eq. (4.5) and rearrangement in a com-

posite coefficient h* form gives:

/(1 o >
h* =1\ "an /- (4.8)
1w

Similarly, a corresponding composite temperature difference can be

defined as:

AT* =

= heA (4.9)
o

this describes the temperature difference between condensing ammonia vapor
and the inside tube wall,

Composite quantities are derived by elimination of the water—side co-
efficient contribution to overall resistance. The next step in the analy-

sis is evaluation of the water—side coefficients.
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4.3 Evaluation of Water—Side Coefficients
by the Wilson—Plot Method

A technique introduced by Wilson? in 1915 was used for determining
water—side coefficients in this study. This technique is a graphic method
of interpreting overall coefficients so that individual condensing-side
coefficients can be evaluated, The following treatment presents this
method and describes its application to the data in this study.

Neglecting the effects of changes in water temperature, the water—
side resistance 1/hy for turbulent flowl®-12 as a function of water veloc-—

ity v may be approximated by:

1

vO .8

1

B e ; (4.10)
w

therefore, Eq. (4.5) can be rewritten as:

1
=3 * Ryapr taveet . (4.11)
v

al =

If, following Wilson, the sum of the first two resistances 1/hv + Rwall

is taken as approximately constant, Eq. (4.11) becomes:

= a, + a,v 0.8 | (4.12)

CIES

In this form, a plot of 1/U vs v=°-3 in rectangular coordinates
should give a straight line from which the constants a, (intercept) and a,

(slope) can be determined. Because a, is the sum of the first two resis—
tances (vapor side plus wall) in Eq. (4.11), substitution and rearrange-

ment of Eq. (4.7) yields:

h* = 1/a, , (4.13)

which is the parameter of interest in this analysis,
For the experimental data points used in construction of the
Wilson plot, a constant heat load and condensate flow rate were main—

tained, while water—side velocities were varied. Because properties for
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ammonia did not vary significantly over the small range of temperatures
covered in this study, no appreciable error was introduced by assuming the
sum of the vapor side and tube wall resistances 1/h* + Rwall to be essen—

tially constant.
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5. RESULTS AND DISCUSSION

Ammonia condensation tests in this study were divided into the fol-
lowing four test categories: (1) smooth Tube A in the horizontal position
and at various tilt angles, (2) external-finned Tube V in the horizontal
position, (3) single—fluted Tubes L and T in the vertical position, and
(4) double—fluted Tubes H* and L*, also in the vertical position.

Heat transfer results from this study are presented in Figs. 8
through 22, Except for the double—fluted tubes, all experimental data are
presented in two dimensional forms. The first dimensional form (Figs. 9,
11, and 13) presents a composite condensing film coefficient h* vs heat
flux Q/A. Condensing~side coefficients are reported as composite coeffi-
cients (combining vapor—-side resistance and wall resistance) because of
the difficulty in describing wall resistance for the complex geometry of
enhanced tubes., Augmentation arising from the surface area increase in

enhanced tubes is accounted for by use of the total outside condensing
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Fig. 8. Horizontal smooth—tube condensation data for ammonia (non-
dimensional form).
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finned Tube V — h* vs Q/A,.

area for each tube (Table 1) in expressing h* and Q/A. The second dimen-—
sional form, heat load Q vs composite condensing temperature AT* (differ-—
ence between the vapor temperature and inside wall temperature of the
tube), shows the effect of the increased area of the enhanced tubes. For
the double—-fluted tubes, only overall heat transfer results (Figs. 15
through 22) are plotted in the form of heat load vs overall temperature
difference. For these tubes, the use of the Wilson-plot method in deter-—
mining condensing-side coefficients gave uncertain results, a phenomenon

that will be discussed in a later section.
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Experimental data are documented in Appendix D (Tables D.1 through
D.14), where the data are tabulated along with the overall condensing heat
transfer coefficients and heat balance checks for the condenser test sec—
tion. Tables D.1 and D.5 and Tables D.6 and D.7 are taken from Refs. 1
and 2, respectively.

Wilson—plot results for the applicable test tubes are tabulated in
Appendix C, where Tables C.1 and C.5 are also taken from Ref. 1. A sample
Wilson-plot is shown in Appendix A with associated calculations.

Parameter ranges for the experiments were as presented in Table 2.
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Fig. 17. Overall heat transfer performance of double—-fluted Tube H*
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Fig. 21. Overall heat transfer performance of double-fluted Tube L#*
at various water flow rates (rod installed on water side).
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Fig. 22. Overall heat transfer performance of double-fluted Tube L*
at various water flow rates (no rod on water side).



Table 2. Parameter ranges for condensing tests
Test tube
Parameter
A° L Le? me? T v
Condensing temperature, K (°F) 302315 299310 299315 298311 300-311 301-313
(85-108) (78-99) (78-108) (77101) (80—100) (82-104)
Condensing pressure, MPa (psia) 1.15-1.65 1.02-1.45 1.02-1.65 1.01-1.49 1.05-1.48 1.1-1.56
(167—240) (148—210) (148—240) (146—216) (153—214) (160—227)
Composite condensing tempera- 0.6-5.9 0.3-1.4 0.7-2.9 3.1-8.7
ture difference, K (°F) (1.1-10.6) (0.5-2.5) (1.2-5.3) (5.5-15.7)
Heat load, W (Btu/h) 820—4,190 1,320—4,690 1,470—4,400 970—4,830 1,250-4,690 1,150-2,930
(2,800-14,300) (4,500-16,000) (5,000—15,000) (3,300-16,500) (4,300-16,000) (3,900-10,000)
Heat flux, W/m?* (Btu/h-ft3) 8,500—42,900 9,500—33,700 10,400—31,500 6,600-32,200 8,500-31,500 6,300-16,400
(2,700-13,600) (3,000-10,700) (3,300-10,000) (2,100-10,200) (2,700-10,000) (2,000-5,200)
Overall heat transfer coefficient, 2,700-8,800 2,500—11,000 1,900-11,500 2,800—9,500 2,100-7,000 870-1,670
¥W/m2-K (Btu/h-ft2.°F) (471-1,548) (435-1,930) (330—2,010) (496—1,677) (378—1,229) (153-276)
Composite condensing heat transfer 7,000—14,100 23,900-38,200 10,700-13,100 1,900—2,000
coefficient, W/m3-K (1,235-2,477) (4,203-6,729) (1,881—2,307) (332-358)

(Btu/h-ft2-°F)

%parameter ranges include horizontal, 30°, and 60° tilt tests with Tube A.

Composite condensing heat transfer coefficients and temperature differences are not presented because of uncertainties in the Wilson—

plot results.

123
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5.1 Smooth Tube A

Experiments were run to determine the effect of tilt angle @ on the
condensing heat transfer performance of a smooth tube. A series of tests
was conducted for ammonia condensing on the outside of Tube A with the
condenser test section arranged in a horizontal position (a = 0°) and at
30° and 60° from the horizontal plane.

During the early part of this test series, unexpected dropwise con-—
densation was observed on the outer surface of Tube A; this was apparently
initiated by impurities introduced at the time of a gasket failure (see
Appendix B). As a result, much higher composite coefficients were ob—
served than any obtained in earlier ammonia condensation work.*,2 The
cause of this phenomenon was corrected, however, by flushing, evacuating,
and recharging the system with ammonia and replacing the test tube with
one of similar design. Subsequent observations of the condensing film
through existing view ports showed proper film cohesiveness throughout
this study.

In this study, confidence in the accuracy of the experimental data
is justified for the following reasons: (1) after correcting earlier dif-—
ficulties encountered with the presence of dropwise condensation, shake-—
down test results for Tube A in the vertical position were found to agree
very well with those obtained from previous Tube A vertical—-condensation
tests;* (2) as reported in the next section, experimental data for hori-
zontal Tube A were found to agree well with analytical predictions sug-—
gested by Nusselt;23,14 and (3) refinements made prior to operation of the
test loop aided in increasing the accuracy of condensate flow measurements
and allowed for the visual and photographic observation of the condensing

surface.

5.1.1 Horizontal test results

Figure 8 shows horizontal condensation results for Tube A in nondi-

mensional form. The ordinate is the standard nondimensional heat transfer
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coefficient (averaged over the length of the tube):

l_lz 1/3
N , (5.1)

In this case, the wall resistance has been eliminated from the composite

coefficient h* by the use of Eq. (4.7). The abscissa is the liquid film

Reynolds number:
Re = 4T'/p , (5.2)

where for a horizontal tube, I' is the condensate flow rate at the bottom
of the tube per unit length of tube. Fluid properties k, p, and p have

been evaluated at the equivalent film temperature T, as suggested by

McAdams.®® The method for obtaining the equivalentffilm temperature is
illustrated in Appendix A under "Nondimensional Quantities."

Experimental data for ammonia condensing on Tube A are plotted (Fig.
8) and compared with the line representing the well-known analytical cor-
relation by Nusselt.13,14 As illustrated, the position of the data is in
the region of the Nusselt prediction, with a +6% maximum scatter between
calculated and predicted values. In general, the smooth tube data are in
good agreement with predictions using the Nusselt relation. Such a com-
parison indicates the confidence level characteristic of the present data.

Figures 9 and 10 present data in dimensional form for Tube A condens-—
ing at a = 09, 30°, 60°, and 90°, Ammonia heat transfer data for Tube A
condensing at a = 90° are taken from Ref. 1 and are plotted in Figs. 9 and
10 for baseline comparison with the data at other tube angles tested in
this study. Only horizontal condensation results are discussed in this
section; inclined test results will be discussed in the next section.

As expected from theory, results in Fig. 9 (plotted as composite co—
efficient vs heat flux) show the excellent performance of Tube A in the
horizontal configuration, as compared with earlier tests in the vertical
position. As indicated (Fig. 9), composite condensing coefficients
ranged between 8,500 W/m2'K (1,497 Btu/h*ft2°°F) and 14,000 W/m2'K (2,466

Btu/h°ft2°°F) for horizontal condensation, as compared with 4,200 W/m2°K
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(740 Btu/h-ft2-°F) and 6,530 W/m2-K (1,150 Btu/h-ft2:°F) for vertical con—
densation at similar heat fluxes. At a low heat flux, 11,668 W/m2? (3,700
Btu/h-ft2), the composite coefficient for horizontal Tube A increased by
up to 2.1 times the vertical Tube A value. Even at the higher fluxes
(~43,000 W/m2), the horizontal composite coefficients were twice the com—
parable vertical tube values.

In Fig. 10, the horizontal condensation data for Tube A (plotted in
heat load vs composite condensing temperature difference form) similarly
illustrates its superiority when compared with previous vertical test re-
sults. For a given condensing temperature difference, the horizontal Tube
A accommodated a heat load of up to 1.6 times the vertical Tube A value.
For example, at a composite condensing temperature difference of 5.7 K
(8.0°F), horizontal Tube A accommodated a heat load of 3,809 W (13,000
Btu/h) while in the vertical mode, only 2,344 W (8,000 Btu/h) was ob-
tained, thus providing a heat load ratio of 1.6. In fact, over the range
of condensing temperature differences indicated in Fig. 10, the heat load

ratios between the horizontal and vertical results were ~1.6.

5.1,2 Inclined test results

Previous ammonia condensation data taken at ORNL for an inclined
smooth tube? indicated that considerable heat transfer enhancement could
be achieved by simply inclining the test tube 30° from the vertical (cor-
responding to a = 60° in this report).

As reported in Ref. 2, "for the smooth Tube A, the heat transfer per—
formance of the inclined tube was significantly greater than that of the
vertical tube (approximately doubled over the full heat flux test range).”

In an effort to verify and extend earlier inclined test results, a
series of tests was performed on an identical smooth tube oriented 30°
and 60° from the horizontal position. Unexpectedly, test results at a
60° tilt disagreed with previously published data. The earlier condens-
ing heat transfer coefficients were up to 230% higher than those obtained
in this study. Although the cause for such discrepancy is still not cer-
tain, a possible explanation may be that dropwise condensation may have
occurred without the experimenter's knowledge during the earlier inclined

tube tests, in a manner somewhat similar to the dropwise condensation
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phenomenon observed during the earlier part of this study (see Appen—

dix B). For reasons noted earlier, we believe that the inclined test data
presented herein are more accurate than those previously published in

Ref. 2.

As shown in Figs. 9 and 10, an increase in tilt angle from the hori-
zontal decreases in some degree the condensing—side performance of smooth
Tube A. Conversely, these figures indicate an increase in condensing per-—
formance as the tilt angle is decreased from the vertical to the horizon—
tal position., This effect is clearly shown in Fig. 9, where at a = 609,
composite condensing coefficients for Tube A increased by up to 1.5 times
vertical Tube A values over the range of heat flux tested. From Fig. 9,
at a low heat flux of 10,595 W/m2 (3,360 Btu/h°ft2), the smooth—tube com-—
posite coefficient at a = 60° was 9,937 W/m2°K (1,750 Btu/h-£ft2°°F), com—
pared with 6,757 W/m2°K (1,190 Btu/h°ft2°°F) for the vertical orientationm,
thus providing a 50% increase in coefficient. In addition, a similar ob-
servation made in Fig. 10 shows that for a given composite condensing tem—
perature difference, Tube A at a = 60° can accommodate a heat load of up
to 1.4 times the vertical Tube A value. Alternatively, for a given heat
load, the vertical Tube A required a condensing temperature difference of
up to 1.6 times the 60° tube angle value.

As illustrated in Figs. 9 and 10, for a 30° angle, the condensing-—
side performance of Tube A appears to approach that obtained for the
horizontal position, particularly at the higher heat loads and/or fluxes.

Further, unlike the experimental curve for a = 60°, composite coeffi-
cients for a = 30° (Fig. 9) appear to decrease more rapidly with increas-—
ing heat flux. Figure 9 indicates that the resulting composite coeffi-
cients at @ = 30° increased by 14 to 29% more than the data at a = 60° for
the high and low heat fluxes, respectively.

The effect of tube tilt on the condensing heat transfer coefficient
is attributed to the character of the condensate film, which is dependent
on the angle of inclination of the tube and the heat transfer rate. From
observations made through existing view ports, ammonia condensate on a
horizontal smooth tube appeared to accumulate in the form of drops at var—
ious points on the underside of the tube. The liquid was retained until

the weight of the condensate was sufficient to overcome surface tension
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forces. Subsequently, the condensate dripped from the tube as droplets
rather than in a continuous film. This condensate drainage results in
decreasing the "effective thickness" (resistance) of the condensate film,
thus providing increased condensing-side coefficients at a given heat
flux. At the higher heat fluxes, however, the condensate film is somewhat
thicker, thus lowering the condensing heat transfer coefficient. Appar-
ently, for small tube angles (<30°), the condensate flow seems to drain
(or drip) somewhat similarly to the horizontal mode along most of the
length of the tube. This mechanism may account for the fact that in Figs.
9 and 10 the condensing performance at a = 30° approaches that of the
horizontal position. However, as the tilt angle increases toward a verti-
cal position, the amount of condensate remaining on the tube surface in-
creases to the point where nearly all of the condensate leaves at the
lower end of the tube. The result is a greater "effective" film thickness
that contributes to a lower condensing~side heat transfer coefficient.

From a heat exchanger economics point of view, it is obvious from
Figs. 9 and 10 that only a small inclination (~30°) of Tube A from the
vertical will give better condensing performance than for the vertical
position. From the viewpoint of heat transfer, however, the maximum con—
densing performance is achieved at the horizontal position, for the range
of heat loads investigated.

Conclusions from Figs. 8 through 10 include:

1, Experimental data for ammonia condensing on the outside of a
horizontal smooth tube (Tube A) were found to agree well with analytical
predictions following Nusselt.13,14

2. For Tube A, the maximum condensing performance was achieved at
the horizontal tube position. For a given heat flux, horizontal Tube A
achieved composite condensing coefficients of up to 2.1 times vertical
smooth tube values. For a given composite condensing temperature differ-—
ence, horizontal Tube A accommodated heat loads up to 1.6 times vertical
smooth tube values. Note that these levels of improvement are not, how-
ever, expected to be sustained with large horizontal tube bundles because
of the effects of accumulated condensate drainage through the bundle.

3. Vhen judged on a heat load vs composite condensing temperature
difference, the condensing performance for Tube A oriented 30° from the

horizontal was similar to that obtained for the horizontal position.
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4. The condensing performance for Tube A tilted 60° from the hori-
zontal was lower than that obtained at a 30° tilt. For a given heat flux
with smooth Tube A tilted 60° from the horizontal, composite condensing
coefficients of up to 1.5 times vertical Tube A values were achieved. For
a given composite condensing temperature difference, Tube A at a 60°-tilt
accommodated a heat load up to 1.4 times vertical Tube A value. For a
given heat load, vertical Tube A required a composite condensing tempera-—

ture difference of up to 1.6 times the 60°-tilt Tube A value.

5.2 Finned Tube V

Condensation tests on the external-finned Tube V were conducted with
the tube oriented in the horizontal position. Wilson-plot results for
Tube V are presented in Figs. 11 and 12 with horizontal and vertical
smooth—tube data, which serve as the basis for comparison. As illustrated
in these figures, the performance for Tube V fell far below that for
either the horizontal or vertical smooth tube. For a given heat flux,
composite condensing coefficients for Tube V (Fig. 11) were 86% below
those for horizontal Tube A and 70% below those for vertical Tube A.
Similarly, for a given composite temperature difference (Fig. 12), Tube V
accommodated only 40 and 65% of the heat load yielded by the horizontal
and vertical Tube A, respectively,

One possible explanation for the poor performance encountered with
Tube V may be that its fin-to-fin spacing or drainage channel size
[0.069 cm (0.027 in.)] appeared (visually) to severely restrict the flow
of condensate when operating on a horizontal position, thus seriously
limiting the advantage offered by the fins. Also, because stainless steel
has relatively low thermal conductivity (43.75 W/m'K for Tube V vs 211
W/m°'K for the aluminum Tube A) the added wall resistance would further
decrease the composite condensing heat transfer coefficients.

The main conclusion drawn from Figs., 11 and 12 is that in the hori-
zontal position, external-finned Tube V gave the lowest condensing perfor-

mance of any tube discussed in this report.,
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5.3 Vertical Single-Fluted Tubes L and T

Wilson-plot results for single—fluted Tubes L and T are presented in
Figs. 13 and 14, with previous data for smooth Tube A and single—fluted
Tube E taken from Ref. 1. Plots (Figs. 13 and 14) show the condensing
data in two dimensional forms: (1) on composite condensing coefficient h*
vs heat flux Q/A basis and (2) on heat load Q vs composite temperature
difference AT* basis. As indicated earlier, the composite condensing co—
efficient h* includes both the vapor side plus wall resistance. Simi-
larly, the composite temperature difference AT* is defined as the differ—
ence between the vapor temperature and the inside tube-wall temperature.

When the condensing-side heat transfer coefficient is very large (low
resistance to heat flow) as a result of external enhancement, the water—
side coefficient and tube-wall thermal conductance will tend to become
more dominant (a larger fraction of the total overall resistance) in de—
termining heat flow. In general, for ammonia, which exhibits superior
heat transfer characteristics, condensing-side coefficients are quite
large, particularly for fluted tubes. Therefore, composite condensing
coefficients become quite sensitive to changes in tube—wall thermal con—
ductance and water—side coefficients, especially at low water velocities
(low water—side coefficients). Imn this study, water—-side coefficients
were intentionally increased by using a 0.5-in.-diam rod inside the tube
to decrease the hydraulic diameter and increase the water velocity, thus
improving the accuracy of the composite coefficients obtained by the
Wilson—-plot method.

In Fig. 13, composite coefficients for Tube T lie above those for
smooth Tube A, but far below those for fluted Tube E. 1In addition, coef-
ficients for Tube T decrease slightly with increasing heat flux. Note
that Tube T is geometrically identical to the aluminum Tube E, but made of
carbon steel (Table 1). Figures 13 and 14 indicate that the wall resis—
tance of Tube T adversely affects the overall heat transfer performance.
The wall conductivity for Tube T (47.6 W/m'K) is about 77% lower than that
for Tube E (211 W/m°K); hence, the wall resistance for Tube T is increased
by a factor of 4 over that of Tube E. The large decrease in performance
can be qualitatively accounted for by the difference in tube material

thermal conductivity.
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As shown in Fig. 13, at a low heat flux of 9,145 W/m2? (2,900
Btu/h*ft2), the composite condensing coefficient for Tube T was increased
by as much as 1.8 times the smooth Tube A value but was only about 35% of
the Tube E value. Similarly, from Fig. 14, at a low condensing tempera-—
ture difference of 0.7 K (1.2°F), Tube T accommodated a heat load of 2.6
times the smooth tube value but only 44% of the Tube E value. Alterna-
tively, for a given heat load the maximum condensing temperature differ-—
ence ratio (Tube A to Tube T) was 3.7 at the highest heat load [4,688 W
(16,000 Btu/h)]l. However, for the same heat load (~16,000 Btu/h), Tube T
required a condensing temperature difference of up to 2.1 times the fluted
Tube E value.

In Figs. 13 and 14, Tubes L and E appear to have approximately the
same condensing performance; but, unlike Tube T, the coefficients for
Tubes L and E decrease quite rapidly with increasing heat flux (Fig. 13).
As indicated in Table 1, Tubes L and E are both made of aluminum and have
60 external flutes; however, where Tube E has square—shaped flutes, Tube L
features rounded external flutes and greater rill cross section (Fig. 23).
Previous work at ORNL with ammonia! had suggested condensing-—side coeffi-—

cients for external enhanced tubes to be dependent on the shape of the

ORNL—-PHOTO 589381

TUBE L

ENLARGEMENT: —| |— 0.01 in. (about 17X)

Fig. 23. Tube-wall cross section for Tubes E and L.
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flute as well as the size and number of flutes. In this study, no appre—
ciable effect in condensing performance is indicated between Tubes L and
E, as a result of different flute shape. Also, while Tube L had somewhat
less (~6%) condensing area (Table 1) than Tube E, any area effect was es—
sentially accounted for in Fig. 13 by use of coordinates based on the
total condensing area for each tube.

As shown in Fig. 13, for a given heat flux the maximum composite
heat transfer coefficient achieved with Tube L was 5.2 times the smooth
Tube A value, occurring at the lowest test heat flux of 9,145 W/m2 (2,900
Btu/h°ft2), This represents the maximum enhancement ratio achieved for
any of the single—~fluted tubes discussed in this report. The correspond-
ing minimum composite coefficient for Tube L was 4.5 times the smooth tube
value at the highest test heat flux of 3,153 W/m2 (10,000 Btu/h*ft2).

A similar analysis of the data in Fig. 14 shows that for a given
condensing temperature difference, the maximum heat load achieved with
Tube L was 5.4 times the smooth tube value, occurring at the lowest
condensing temperature difference [0.7 K (1.2°F)]. The corresponding
minimuem heat—load ratio was 4.7 at the highest condensing temperature dif-
ference [1.4 K (2.6°F)].

Also, from Fig. 14, for a given heat load the maximum condensing
temperature difference ratio (Tube A to Tube L) was 8.2 at the lowest
heat load [1,289 W (4,400 Btu/h)]. The corresponding minimum condensing
temperature difference ratio was 7.7 at the highest heat load [4,688 W
(16,000 Btu/h)],

Conclusions from Figs. 13 and 14 include:

1., The best external fluted tube tested (Tube L) can increase com-—
posite condensing heat transfer coefficients for ammonia condensing at a
given heat flux by up to 5.2 times vertical smooth—tube values.

2. Such an enhancement cannot be accounted for by the increased area
of the fluted tube but may be attributed to surface tension effects as
described by Gregorig.l$

3. Tube L can increase heat load capability to 5.4 times the smooth
vertical tube value for ammonjia condensing at a given temperature differ—
ence; conversely, for a given heat load, a smooth tube can require a con-

densing temperature difference of up to 8.2 times that for Tube L.



43

4. No appreciable difference in condensing performance was found
between the aluminum Tube L, which utilizes 60 rounded external flutes,
and previously tested aluminum single—fluted Tube E, which features 60
square—shaped external flutes.

5. The increased wall thermal resistance of carbon-steel fluted
Tube T severely decreased composite condensing heat transfer coefficients
over those for the geometrically identical aluminum fluted Tube E.

6. At the lower heat fluxes, composite condensing coefficients for
fluted Tube T were increased by up to 1.8 times the smooth tube values but

were only 35% of fluted Tube E values.

5.4 Vertical Double~Fluted Tubes H* and L*

As previously mentioned, the Wilson-plot method for determining
condensing—side heat transfer coefficients was somewhat uncertain when
applied to double—fluted Tubes H* and L*. A possible explanation is that
water—side coefficients for an inside fluted tube, unlike those for a
smooth inside tube wall, are not the simple function of water velocity
assumed for the Wilson plot. More specifically, because the Wilson—-plot
method is based on a 0.8 power dependence of the water—side coefficient on
flow rate, such an assumption may not necessarily apply to the water—-side
characteristics of these tubes. As a result, some appreciable error is
introduced when the method is used to determine composite condensing per—
formance of double—fluted tubes. Consequently, a degree of uncertainty is
introduced when comparisons of Wilson—plot results are made between double-—
fluted tubes and the other tubes tested.

To provide a more reliable basis for comparison, only overall heat
transfer data (collected as a prerequisite to the Wilson-plot method) are
presented for Tubes H* and L* on a heat load Q vs overall temperature dif-
ference AT basis. In this form, the uncertainty introduced by the appli-

cation of the Wilson-plot technique to these tubes is avoided.

5.4.1 Tube H* test results

In a previous study,? overall heat transfer data were reported for

double—fluted Tube H. Tube H*, also designed by CMU,* was internally
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identical to Tube H but featured 36 external flutes compared with 45 for
Tube H (Table 1).

To determine the effects of a reduction in the number of external
flutes on tube performance, overall heat transfer data for the double-
fluted Tube H* were compared with earlier overall results obtained with
the similar double—~fluted Tube H.

Overall heat transfer results for the two tubes, obtained at equal
water flow rates [3.5 x 10-4 m3/s (5.5 gpm)], are presented in Figs. 15
and 16 for two water—side arrangements (with and without a 1.27-cm rod
inside the tube). The installation of a rod inside the tube increased the
overall coefficients for both Tubes H and H¥*, as a result of higher water
velocities. This effect of water velocity on overall heat transfer per—
formance is best shown in Figs. 17 and 18, where data for Tube H* are
plotted for a series of water flow rates, with and without a rod installed
on the water side, respectively.

Judged on a heat load vs overall temperature difference (Figs. 15 and
16), no appreciable difference in overall performance was found between
Tubes H and H* as the result of reducing the number of external flutes
from 45 to 36. This is not surprising because the ammonia condensing-
side coefficients are probably already quite large (compared to the water—
side coefficients, even with a rod inside the tubes) as a result of exter-—
nal enhancement.

In Ref. 16, a comparison of overall coefficients between ORNL single-
tube data and ANL large (240—tube) condenser tube bundle tests’,¢ was made
for double—fluted Tubes H and H* to determine whether performance antici-—
pated on the basis of single—tube tests can be achieved in tube bundle
configurations. Overall heat transfer results from ORNL double—fluted

single~tube tests were in approximate agreement with ANL double—fluted
condenser tube bundle data. However, for similar heat loads, the ANL
overall coefficient ratio between Tubes H and H* differed by 16%; this was
contrary to results presented here that show overall performance to be
virtually unchanged as the number of external flutes is reduced from 45

(Tube H) to 36 (Tube H*).
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Conclusions from Figs., 15 through 18 include:

1. The overall heat transfer coefficients for Tube H* with a 1.27-cm
(0.5-in,) rod installed on the water side were better than those without
the rod.

2. This increase in overall coefficients was caused by water—side
heat transfer enhancement associated with the higher water velocities
existing in the presence of the internal rod.

3. No appreciable difference in overall performance was found when
the number of external flutes on the CMU Tube H* was reduced from 45

(Tube H) to 36 (Tube H*).

5.4.2 Tube L* test results

Tests were conducted with Tube L* (60 external and 90 internal
flutes) to determine the effect of inside flutes and water velocity on the
overall heat transfer performance.

The effect of inside flutes was determined by comparing overall test
results for Tube L* with overall data for the single—fluted Tube L, which
was externally identical to Tube L* but had a smooth inside tube wall.

Overall heat transfer results for Tubes L* and L, with smooth Tube A,
are presented in Figs. 19 and 20 as heat load vs overall temperature dif-
ference for two different water flow rates. The experimental overall data
presented in these figures for Tube L* were obtained with cooling water
flowing through an annulus (1.,27-cm—OD rod inside the tube). Such a water—
side arrangement was necessary to match the water—-side configuration used
in testing Tube L earlier in this study.

From Fig. 19, the maximum improvement in heat load achieved with Tube
L* was 25% above the comparable Tube L*, occurring at the lowest overall
temperature difference of 2.7 K (4.9°F) and a water flow rate of 3.4 x 10—*
m*/s (5.4 gpm). Even at the higher temperature differences, heat loads
for Tube L* were as high as 24% above Tube L values. A similar comparison
made on Fig. 20 shows that for a higher water flow rate [6.2 x 10—4 m3/s
(9.8 gpm)], the heat loads were increased by up to 22% for Tube L* as com-

pared with Tube L for the range of temperature differences tested.
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Clearly, Figs. 19 and 20 show that the inside flutes enhance the
overall heat transfer coefficients of Tube L* over those for Tube L. How-
ever, a question arises concerning whether the inside flutes result in
water—side heat transfer coefficient enhancement or whether an increase in
overall coefficient is merely caused by an increase in inside surface area
alone. The inside surface area of Tube L* is ~1.32 times that of Tube L
(Table 1). For the test conditions in this report, an area increase of
this order could explain the observed increase in overall performance with
no increase in water—side heat transfer coefficient.

Figures 21 and 22 show the effect of water velocity on the overall
heat transfer performance of Tube L*, Figure 21 presents overall heat
transfer data taken with a 1.27-cm—OD rod installed on the water side for
a series of water flow rates, whereas Fig. 22 presents overall data at the
same water flow rates without the rod in place. As would be expected, the
overall heat transfer performance of Tube L* with a rod is significantly
better than that without the rod. This is caused by the higher water—side
heat transfer coefficients achieved as a result of higher water velocities
for the same water flow rates.

When condensing-side coefficients are very large (as for ammonia
vapor), water—side coefficient effects will tend to become more dominant
(a larger fraction of the total overall resistance) in the heat flow pro-
cess. Consequently, the use of internal flutes to improve overall perfor—
mance appears to be desirable, However, any significant performance gains
may be realized at the expense of greater pumping power and fabrication
costs associated with internal flutes. Clearly, cost trade—-off between
pumping power and heat transfer performance is an area that requires care-
ful study.

Conclusions from Figs. 19 through 22 include:

1. For the double-fluted Tube L*, the inside flutes enhanced overall
heat transfer coefficients up to 25% above those for a tube with identical
outside flutes and a smooth inside surface.

2. The overall coefficients of Tube L* with a 1.27-cm (0.5-in.) rod
installed on the water—side were significantly better than those without
the rod. This was caused by the higher water—side coefficients achieved

as a result of higher water velocities for the same water flow rates.
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6. CONCLUSIONS

The main conclusions drawn from this study of ammonia condensation

on enhanced tubes of several geometries and orientations may be summarized

as follows:

1,

3.

The effect of tube orientation on the condensing performance of am—

monia on a smooth tube (Tube A) was studied in a series of experi-

ments:

a.

Data for condensation on the outside surface of a horizontally
oriented tube were found to agree well with analytic predictions
based on the equations of Nusselt, 12-14

Condensing performance was maximum for the horizontal orientation
where, for a given heat flux, composite condensing coefficients
were 2.1 times vertical smooth tube values.

Condensing performance at a tube orientation of 30° from the hori-
zontal was similar to that obtained with the horizontal tube, when
judged on a heat load vs composite temperature difference basis.
Condensing performance at a tube orientation of 60° from the hori-—
zontal was worse than that obtained at a 30° tilt; but composite
coefficients, for a given heat flux, were still 1.56 times verti—

cal tube values.

Several extremes were observed among the tubes tested:

A horizontally oriented, finned, stainless steel Tube V gave the
lowest condensing performance found thus far in these studies;
reduced fin effectiveness caused by condensate flooding and high
wall thermal resistance (low thermal conductivity) contributed to
composite coefficients that were 86% below horizontal smooth tube
values for a given heat flux,

A vertically oriented, single—fluted, aluminum Tube L gave the
highest performance among the tubes studied with composite con-
densing coefficients, at a given heat flux, up to 5.2 times the

vertical smooth tube values.

The effects of several independent parameters (flute shape, tube ma-—

terial, number of flutes, and inside fluting) were examined through
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various comparisons:

a. Condensing performance was found to be independent of flute shape
in a comparison of Tube L (60 rounded flutes) and Tube E (60
square flutes) data; this contradicts earlier results.

b. Condensing performance for a vertical single—fluted, carbon steel
Tube T was severely degraded (by about 65%) over that for a geo—
metrically identical aluminum tube but was still 1.8 times that
for a vertical, smooth aluminum tube.

c. Overall performance was virtually unchanged for a double-fluted
aluminum tube as the number of external flutes was reduced from
45 (Tube H) to 36 (Tube H*).

d. Overall performance for Tube L* with inside and outside flutes was
25% greater than that observed for Tube L with identical outside

flutes but a smooth inside surface.
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Appendix A

SAMPLES OF DATA REDUCTION

A.1 Physical Properties for Ammonia

All property data for ammonia used in data reduction were taken from
ASHRAE handbooks,’”° where ammonia is designated R-717. The accuracy of

these thermophysical properties is discussed in Ref. 9.

A sample of the experimental data required for computing the compos-—
ite condensing film coefficient for a given vapor temperature and heat
flux is listed in Table A.1. Data are for R-717 condensing on Tube L (60
external flutes with a smooth inside wall). Experimental run R-717-007 L
is used to demonstrate the data reduction procedure, and the series of
runs R-717-007 L through R-717-012 L are used to demonstrate the Wilson-
plot technique.

The measured pressure P of the vapor should agree with the saturation

pressure Ps of R-717 at the vapor temperature Tv’ assuming that neither

at
contamination nor superheat are present. In this study, the pressure data
for R-717 from ASHRAE7—? were fitted as polynomial functions of tempera—
ture for the range of 70 to 110°F, resulting in the following equations:

P = 28.2069 + 0.844516 (T ) + 5.05936 x 10-3 (T )2
sat v v

+ 4,86132 x 10~5 (Tv)3 ., (A.1)
P. = 41.2689 - 4.2225 x 102 (Tc) - 6.49961 x 10—5 (Tc)z , (A.2)

hfg = 566.348 - 6.84592 x 10-1% (Tv) - 2.00778 x 10°3 (Tv)z ,» (A.3)

From Eq. (A.1), the saturation pressure Psat corresponding to a tem—
perature of 81.76°F is 157.7 psia; this agrees well (-0.6%), within the

experimental accuracy of the instruments, with the measured pressure P of



Table A.1, Sample of experimental data for ammonia R-717 condensing on Tube L

Primary cooling water through test section

Vapor feed to test sectionm Condensate

a b I d e Inlet Outlet Temperature

Run No. Temperature, Pressure, Flow rate, Temperature, Flow rate, temperature,a temperature,a difference,3s
Iv : fe Ic T ) Ty, in Tw, out AT,
(°F) (psia) (gpm) (°F) (gpm (°F) 5F) (°F)
R-717-007 L 81,78 158.7 0.0302 81.00 35.3 80,04 80.42 0.27
R-717-008 L 82.29 159.7 0.0302 81.42 21.2 80.04 80,53 0.44
R-717-009 L 83.84 164.7 0.0301 82.55 9.8 80.15 81.08 0.88
R-717-010 L 84.51 166.2 0.0303 83.36 7.6 80.01 81,21 1.19
R-717-011 L 85.61 169.2 0.0300 84,17 5.4 79.80 81.46 1.64
R-717-012 L 87.44 174.2 0.0301 85.69 3.8 79.84 82,13 2,28

%Measured by
bueasured by
“Measured by

dueasured by

®Measured by one of two rotameters (Fisher and Porter Company and Brooks Rotameter Company).

thermistors (Thermometrics part No. S-10-4 wire).

pressure gage.

turbine flow transducer (Flow Technology, model FTM-NX3-LJS).
quartz thermometer (Hewlett-Packard, model 2801 A).

fCorrected for temperature offset and temperature rise from heat generated by friction between fluid and tube wall,

[49
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158.7 psia for run R-717-007 L. This agreement also indicates the absence
of appreciable amounts of noncondensables in the condenser during opera-

tion. The quantities pc and h are used later for calculating the heat

transfer rates in the condenseigfrom the condensate flow.

The heat transfer rate or heat load in the condenser can be computed
from two independent sets of measurements: one on the ammonia side and
the other on the water side. To calculate the heat transfer rate from the
ammonia—side condensate flow rate Fc requires the latent heat hfg of R-717
at the vapor temperature Tv and the density of liquid R-717 at the conden—
sate temperature Tc near the condensate flow measuring station., From Egs.

(A.2) and (A.3):

!
I

81.00°F — p = 37.44 Ib_/ft3 ,

|
I

81.78°F — h, = 496.93 Btu/lb .
v fg m

The heat transfer rate can then be calculated from Eq. (4.3), presented in

the main text, where the condensate flow rate is given by:

m =Fp , (A.4)
c cc
so that
Qc = Fcpchfg

(0.0302 gpm) (37 .44 lbm/ft’)(496.93 Btu/lbm)

x (1 ft3/7.481 gal) (60 min/h)

4506 Btu/h .

The heat transfer rate computed from the primary cooling water is

given by:

Q =Fp C_ AT , (A.5)
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where Fw and ATw are the volume flow rate and temperature rise of the pri-
mary cooling water, respectively. The term pr is the average heat capac-—
ity of the primary cooling water, and Py is the average density of the
primary cooling water; both pr and p, 2rte calculated at the average tem—
perature of the primary water Tw,avg' In this particular example, the
change in water temperature ATw is so small that the variation in proper-—
ties is insignificant. The average temperature of the primary cooling
water is the average of the inlet temperature (80.04°F) and the outlet
temperature (80.42°F). The properties for water at an average temperature
of 80.23°F are P, = 61.29 lbm/ft’ and pr =1.0 Btu/lbm°°F. From Eq.
(A.5), the heat transfer rate for run R-717-007 L becomes:

Q
w

]

(35.3 gpm) (61,29 lbm/ft’)(l Btu/lbm'°F)(0.27°F)

x (1 £t3/7.481 gal) (60 min/h)

4685 Btu/h .

The percent of difference between the two heat loads is given by:

AQ (Qc - Qw) (4506 - 4685)

a‘ x 100 Qc———— x 100 = 4506 x 100

A% = -4.0 , (A.6)

This value illustrates the agreement between the two different methods.
The overall condensing heat transfer coefficient can be computed from

Eq. (4.1) using either Qc or Qw' However, the heat rate from the conden—

sate flow Qc has been used in the calculation because it is considered

the more accurate of the two. The overall temperature difference KE is

given by Eq. (4.2):

AT=T - (T ., +T )/2
v W, in w,out

Therefore, with the information for run R-717-006 L:

AT

81.78°F — (80.04°F + 80.42°F)/2

1.55°F ,
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The outside surface area Ao of Tube L is listed in Table 1 as 1.504 ft3,
Applying Eq. (4.1) and using the data from run R-717-007 L:

Q 4506 Btu/h Btu
U= = =1930 — .
AOAT (1.504 ft2)(1.55°F) h.ft2.9F

The same calculations illustrated for run R-717-007 L can be used for
the other five runs in Table A.1. The results of the calculations for all
six runs are shown in Table A.2. The six heat rates can be averaged to

obtain an average heat load for the series of runs so that:

Qc,avg 4506 Btu/h ,

4685 Btu/h .
w,avg

Water velocities v in Table A.2 are calculated from:

v = Fw/Acs , (A.T)

where Acs is the cross—sectional flow area.
During experimental tests with Tube L, a 0.5-in.—diam solid rod was
inserted through the tube center as noted in Sect. 2.3. For Tube L, the

cross—sectional flow area is:

2 2
(Di - Dr) ’ (A.8)

INE

cs
where Di is the inside diameter of the test tube and Dr is the outside

diameter of the solid rod. For Tube L with an inside diameter Di of

0.87 in.:

w3 - ]

0.002765 ft2 ;

>
1l

1



Table A.2. Sample information for the Wilson plot for ammonia R-717 condensing on Tube L

Overall Primary
Condenser heat load temperature cooling 1 Overall 1/0
Run No. a b difference, water ° s coefficient, U fp3.0
(ng/h) (nglh) AT AT velocity, v v (Btu/h-ft2.9F) (h-fe*-°F/Btu)
(°F) (ft/s)

R-717-007 L 4506 4685 -4.0 1.55 28.4 0.0688 1930 0.52 x 103
R-717-008 L 4491 4685 -4.3 2.00 17.1 0.1032 1494 0.67 x 103
R-717-009 L 4462 4317 3.3 3.22 7.9 0.1914 921 1.09 x 102
R-717-010 L 4476 4501 -0.5 3.90 6.1 0.2354 763 1.31 x 103
R-717-011-L 4422 4407 0.3 4.97 4.4 0.3057 591 1.69 x 103
R-717-012 L 4406 4381 0.6 6.45 3.1 0.4045 454 2.20 x 103

aCalculated from condensate flow,.
Calculated from temperature rise and flow of primary cooling water,

cBetween condensing vapor and primary cooling flow,

9¢
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the water velocity for run R-717-006 L is

1 ft3 1 min 1
7.481 gal 60 s  0.002765 ft2

<
1l

(35.3 gpm)

28.4 ft/s .

To generate the Wilson plot, the reciprocal of the overall coeffi—
cient must be computed; the water velocity must be raised to the negative

0.8 power. For example, with the values for run R-717-007 L:

1

—o77 = (1/28.4 £t/5)°-3 = 0.0688 (ft/s)=0-8
and
- 2.0
L (1/1930 Btu/h-ftz-oF) = 0.52 x 10-3 R ft2"°F
U Btu

The values for v™°-® and 1/U are given in Table A.2; these were used
to construct the Wilson plot shown in Fig. A.1. The data points shown in
Fig. A.1 were fitted by a least squares method of the first order to de—
termine the best linear fit to satisfy the following relationship:
= g + a1 V—O.B

1] ’

where a, is the slope of the straight line and a, is the y—intercept. The
reciprocal 1/a, or h* gives the composite heat transfer coefficient of the
condensing film and tube wall.

For this particular run series, the values a, and h* are:

a, 0.1486 x 10~3 h-ft2-°F/Btu ,

h* = 6729 Btu/h-ft2-°F ,

il

The data show good linearity and allow extrapolation, with some
confidence, to infinite water velocity (zero water—side resistance) at

the plot y—intercept (Fig. A.1).
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Fig. A.1. Wilson plot for ammonia (R-717) condensing outside fluted
Tube L — runs R-717-L to R-717-L.
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The corresponding composite temperature difference is calculated
using Eq. (4.9). The average heat load value for this series of runs is

~4506 Btu/h; then, from Eq. (4.9):

(4506 Btu/h)
c,avg

= he A " (6729 Btu/h-ft2-9F) (1.504 ft2)

AT*

= 0.45°F ,

The computations outlined in this appendix were followed in reducing all
of the experimental data. These Wilson-plot results are presented in

graphic and tabular form in Sect. 5 and Appendix C, respectively.

A.3 Nondimensional Quantities

The vapor—side heat transfer coefficient hv is usually considered
equal to the condensing film coefficient because the dominant resistance
lies in the condensate film. Therefore, the condensing film heat transfer
coefficient can be put into the standard nondimensional form given by Eq.

(5.1):

H = hv/(k3p’g/p’)1/3 ,

where all fluid properties are evaluated at the equivalent film tempera-—

ture Tf. as pointed out by McAdams:213

T,=T -3 -1 ), (A.7)
v 4 v wall

where Twa11 is the outside wall temperature, The temperature of the vapor
for evaluating film temperatures was chosen as the lowest vapor tempera-—
ture for the series of runs for a given Wilson plot. For runs R-717-032
AH through R-717-035 AH, the vapor temperature was taken as 87°F (Appen—
dix C, Table C.2) for evaluation of the nondimensional coefficient. The

temperature difference across the condensing film (ATf) is given by:

Q
AT, =T — T =

f v wall h A ° (A.8)
v "o
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The individual vapor-side coefficient hv for smooth Tube A can be
calculated from the composite heat transfer coefficient h* by solving

for hv in Eq. (4.7):

1/h* = 1/h + R ’ (4.7)
v wall
or
h = ! ;
v  I/m* R’ (4.9)
wall
where Rwa11 is given by Eq. (4.6):
T T
Rwall =3 in ;; . (4.6)

The variables for Tube A are
r = 0,500 in.,
r, = 0.435 in.,

99 Btu/h-ft-°F,

e
n

0.500 in. >< 1 ft > 0.500 in.)
Ra1l = \99 Bta/h-ft-°F/\12 in./) = 12 \0.435 in.

5.9 x 10-5 (Btu/h-ft2-0F)—2

For the runs R-717-032 AH through R-717-035 AH, the value of the composite
coefficient h* obtained from the Wilson plot is 2477 Btu/h-ft2:°F (Table
C.2). Thus, the vapor—side heat transfer coefficient obtained from Eq.

(A.9) is:

1
v~ (1/2477 Btu/h-ft2-:°F) - 5.9 x 10~% (Btu/h-ft2-°F)-1

2900 Btu/h-ft2-°F .

The outside surface area Ao of Tube A is listed in Table 1 as 1.047

ft2, Substituting the computed value of hv and the average heat load runs
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R-717-032 AH through R-717-035 AH into Eq. (A.7), the temperature differ—

ence across the condensing film ATf is found to be

(2823 Btu/h)

AT, = (Tv - T )

£ wall’ =~ (2900 Btu/h-ft*-oF)(1.047 ft2)
= 0.93°F ,
so that
T, = 87°F ~ 3/4 (0.93°F)

86.30°F .

Evaluating the fluid properties at the film temperature of 86.3°F,

0.272 Btu/h-ft:°F ,
37.15 lbm/ft3 ’
0.328 lbm/h'ft , and
4.17 x 10® ft/h2,

& T © K
]

so that for hv = 2900 Btu/h-ft2-°oF,
H =2900/((0.272)3(37.15)2(4.17 x 10%)/(0.328)2]1/3 = (.61 .

The liquid film Reynolds number is given by Eq. (5.2):

Re = , (5.2)

4T
u
where for a horizontal tube, I' is the mass flow of condensate at the
bottom of the tube per unit length of tube. The mass flow per unit length
can be calculated from the heat load Q, latent heat of ammonia hfg‘ and

the length of the tube /:

Q
hfg J/

[ = (A.10)

The test length of Tube A is 48 in. The latent heat of ammonia is

evaluated at the equivalent film temperature using Eq. (A.7). For runs
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R-717-032 AH through R-717-035 AH,

(2823 Btu/h)

I'= G170 Btu/1b_) (48 in.) (1 £t/12 in.)
= 1.44 1b /h-ft ,
m
so that
4T 4 (1.44 1b_/h-£t)
Re = — = 17.6

i (0.328 1b_/h- ft) B

The nondimensional heat transfer coefficients and liquid film Reymnolds
numbers were used to construct Fig. 8.

The nondimensional quantities H and Re were not found to be very
sensitive to the temperature at which the properties were evaluated;
therefore, the variation in vapor temperatures during a series of runs
should not have affected the heat transfer results significantly. For
horizontal Tube A, the vapor temperature variation ranged from 3 to 20°F

for a given series of runs (a set heat load).
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Appendix B

DROPWISE CONDENSATION ON SMOOTH TUBE A

Though the experimental test loop performed well throughount this
study, some unusually high condensing coefficients were noted during the
earlier phases of the test series. This condition was first detected
after reinstallation of a gasket that had failed during shakedown tests.
Observation through existing view ports in the test section revealed what
looked like a dropwise condensation phenomenon on the outer surface of
horizontal smooth Tube A (Fig. B.1). Condensing coefficients for hori-
zontal Tube A were estimated by the Nusseltl3,14 analysis and compared to
those obtained during the presence of the dropwise phenomenon. The latter
coefficients were much higher than those obtained from the Nusselt analy-
sis,

Dropwise condensation was thought to be likely caused by impurities
associated with the gasket failure. In an attempt to explain the cause
of the phenomenon, an ammonia liquid sample was collected from the bottom
of the boiler and analyzed for contaminants such as water and 0il. Gas
chromatographic analysis of the sample indicated only a very small amount
of water traceable to the alcohol solvent used with the ammonia in prepa-—
ration for the analysis. However, flashing all liquid ammonia in the sam—
ple and leaching the container with acetome revealed the presence of an
amber—like 0il residue, with a small amount of insoluble solids. Analysis
of the o0il residue determined it to be made up of aliphatic and aromatic
hydrocarbon oils, in addition to polyacrylamides and other unidentified
organics. Qualitative x-ray diffraction analyses of the solids disclosed
major concentrations of molybdenum disulfide (MoS,) with an intermediate
amount of hydrous irom oxide [FeO(OH)].

Based on these results, a sample piece of rubber gasket that had been
used in the test section prior to failure was analyzed in an attempt to
identify the origin of o0il contamination. The material, separated into
soluble components by acetome leaching, yielded an amber—like oil sub-
stance, which, when analyzed, proved to be practically identical to the
0oil residue collected from the liquid ammonia sample, Surprisingly, this

gasket material was identified as butadiene—styrene rubber, which is not
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recommended for ammonia, It is not clear why this material was employed;
most probably it was used accidentally.

On the basis of the above chemical analyses, the test loop was
flushed, evacuated, and recharged with ammonia. All gaskets were ser-—
viced and replaced with asbestos—neoprene material, which was verified
to be compatible with ammonia. In addition, the test tube was removed
and replaced by one of similar design. These steps were successful in
correcting the earlier operating difficulties caused by the presence of
dropwise condensation,

These findings do not clearly indicate what agent triggered dropwise
condensation on the outside surface of Tube A. The most probable explana-—
tion is that some combination of impurities found in the ammonia caused

this phenomenon.
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Appendix C

WILSON-PLOT RESULTS

Tables C.1 through C.8 summarize the Wilson—plot results from con-
densation experiments performed on the single tubes used in this study.
Tables C.1 and C.5 (from Ref. 1) present the results for vertical Tubes A
and E, respectively, which served as a baseline for comparisons with other
tubes tested. The condenser heat load was taken as the average heat load
based on the condensate flow Q g for a series of runs (Appendix A).

’

Individual runs are documented in Appendix D.



Table C.1. Summary of experimental conditions and results from Wilson plots
for ammonia condensing on vertical Tube A

. o iy M Daprer VT fomenstre Gomenning o condensing e
Series of runs ence difference transfer coefficient
Qc Qw (%) [K (°F)] [K (°F)] [W/m2:K (Btu/h-ft2-°F)]

R-717-001A to 004A 3,800 (13,100) 3,700 (12,600) 3.9 302-309 (84-96) 7.5 (13.5) 5,200 (920)
R-717-005A to 007A 2,400 (8,200) 2,400 (8,100) 0.3 296-301 (74-82) 4.5 (8.1) 5,500 (970)
R-717-009A to 011A 2,800 (9,600) 2,800 (9,600) 0 299-303 (78-86) 6.0 (10.9) 4,800 (850)
R-717-013A to 015A 3,200 (10,800) 3,200 (10,900) 0.7 300-306 (80-90) 6.3 (11.4) 5,200 (910)
R-717-017A to 019%9A 3,800 (12,900) 3,800 (13,100) -1.3 302-309 (83-97) 7.5 (13.5) 5,200 (920)
R-717-021A to 023A 2,900 (9,800) 2,900 (9,800) 0 299-303 (78-87) 5.9 (10.6) 5,100 (890)
R-717-025A to 029A 2,800 (9,500) 2,800 (9,700) -2.,6 299-306 (78-90) 5.2 (9.4) 5,500 (960)
R-717-030A to 033A 3,500 (11,900) 3,600 (12,100) -1.8 300-309 (81-96) 7.2 (13.0) 5,000 (880)
R-717-034A to 037A 1,600 (5,400) 1,600 (5,500) -0.8 296-300 (72-80) 2.6 (4.6) 6,300 (1,100)
R-717-038A to 041A 1,050 (3,600) 1,050 (3,600) 0 296-299 (74-78) 1.6 (2.8) 6,800 (1,200)
R-717-042A to 045A 1,000 (3,500) 1,100 (3,700) ~-5.7 296-299 (74-78) 1.6 (2.8) 6,800 (1,200)
R-717-046A to 050A 800 (2,800) 900 (3,000) -7.7 294-296 (70-74) 1.1 (2.0) 7,700 (1,350)
R-717-051A to 05S5A 800 (2,800) 800 (2,800) 0 293-296 (69-72) 1.1 (2.0) 7,900 (1,400)
R-717-056A to 059A 1,700 (5,700) 1,700 (5,800) -0.8 295-300 (72-80) 2.8 (5.1) 6,300 (1,100)
R-717-060A to 063A 1,400 (4,700) 1,400 (4,700) 0 295-299 (71-78) 2.1 (3.8) 6,800 (1,200)
R-717-064A to 073A 1,400 (4,800) 1,400 (4,900) -3.0 295-298 (71-77) 2.3 (4.1) 6,300 (1,100)
R-717-074A to 084A 900 (3,100) 900 (3,100) 0 299-302 (79-84) 1.2 (2.2) 7,400 (1,300)
R-717-085A to 088A 560 (1,900) 600 (2,100) -8.2 298-299 (77-79) 0.7 (1.3) 7,900 (1,400)
R-717-089A to 092A 500 (1,700) 560 (1,900) -10.4 298-299 (76-78) 0.7 (1.2) 7,900 (1,400)
R-717-098A to 102A 510 (1,700) 570 (2,000) -11.8 298-300 (77-80) 0.7 (1.2) 7,700 (1,350)
R-717-103A to 106A 3,950 (13,500) 4,050 (13,800) -2.5 300-310 (81-99) 8.9 (16.0) 4,600 (800)
R-717-107A to 110A 5,000 (17,100) 5,200 (17,800) -3.7 305-313 (89-104) 12.6 (22.7) 4,100 (720)
R-717-111A to 114A 4,200 (14,200) 4,500 (15,200) -6.9 306-313 (91-103) 10.2 (18.3) 4,200 (740)
R-717-119A to 122A 3,300 (11,100) 3,400 (11,500) -3.6 300-308 (81-95) 6.6 (12.0) 5,100 (890)
R-717-123A to 126A 2,000 (6,800) 2,050 (7,000) -3.0 301-306 (83-90) 3.8 (6.9) 5,400 (940)
R-717-127A to 130A 2,900 (9,900) 3,000 (10,200) -2.8 300-308 (80-94) 5.9 (10.6) 5,050 (89%0)
R-717-131A to 134A 2,000 (6,900) 2,000 (6,900) 0 299-304 (78-87) 3.6 (6.6) 5,700 (1,000)
R-717-135A to 138A 4,300 (14,800) 4,400 (15,000) -1.4 305-316 (89-109) 9.7 (17.4) 4,600 (810)
R-717-139A to 142A 760 (2,600) 800 (2,800) -8.5 302-304 (83-88) 1.1 (2.0) 7,100 (1,250)
R-717-143A to 145A 1,400 (4,800) 1,450 (4,900) -2.2 304-306 (87-91) 2.6 (4.7) 5,600 (990)
R-717-146A to 149A 1,100 (3,700) 1,130 (3,800) -2.9 302-305 (84-89) 1.8 (3.2) 6,300 (1,100)
R-717-150A to 153A 1,700 (5,700) 1,700 (5,700) 0 304-309 (88-96) 3.0 (5.4) 5,700 (1,000)
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Table C.2. Summary of experimental conditions and results from Wilson plots
for ammonia condensing on horizontal Tube A

Condenser heat load Differ— Vapor temperature Condensing Condensing heat
. {¥ (Btu/h)]} range temperature .
Series of runs ence difference tragsfer coeff1c:e2t
Q Q (%) (K (°F)] K (F)] {W/m*-E (Btu/h-ft2.°F)]

R-717-001AH to 006AR 3,271 (11,165) 3,263 (11,137) 0.3 304-311 (88-101) 3.8 (6.8) 8,856 (1,562)
R-717-007AR to 012AH 1,237 (4,221) 1,230 (4,198) 0.6 303306 (85-91) 1.0 (1.8) 12,651 (2,231)
R-717-013AH to 017AH 4,183 (14,276) 4,164 (14,212) 0.5 307-315 (93-107) 5.0 (9.1) 8,540 (1,507)
R-717-018AH to 023AH 3,821 (13,041) 3,788 (12,927 0.9 306—315 (90-107) 4.5 (8.0) 8,788 (1,550)
R-717-024AH to 027AH 2,283 (7,792) 2,205 (7,527) 3.5 303-308 (86-—95) 2.2 (4.0) 10,653 (1,879)
R-717-028AH to 031AH 1,692 (5,773) 1,659 (5,663) 2.0 304-308 (88-94) 1.7 (3.0) 10,454 (1,844)
R-717-032AH to 035AH 827 (2,823) 834 (2,847) 0.8 304-306 (87-90) 0.6 (1.1) 14,044 (2,477)
R-717-036AH to 039AH 2,694 (9,194) 2,656 (9,065) 1.44 303-309 (85-9¢) 2.8 (5.1) 9,766 (1,722)
R-717-040AH to 043AH 1,690 (5,768) 1,680 (5,734) 0.6 304308 (88-96) 1.5 (2.8) 11,346 (2,001)

69




Table C.3. Summary of experimental conditions and results from Wilson plots
for ammonia condensing on Tube A (30° from the horizontal)

Condenser heat load Differ— Vapor temperature Condensing Condensing heat
. [W (Btu/h)] range temperature ..
Series of runs ence difference tragsfer coeff1c:e2t

Qc Q' (%) [K (°F)] [K (°F)] [W/m3-K (Btu/h-ft3:°F)]
R-717-001A30 to 006A30 3,661 (12,497) 3,588 (12,247) 2.1 306—314 (90-106) 4.4 (8.0) 8,490 (1,497)
R-717-007A30 to 012A30 938 (3,203) 929 (3,171) 1.0 304-306 (87-91) 0.7 (1.3) 13,210 (2,330)
R-717-013A30 to 018A30 2,323 (7,929) 2,243 (7,655) 3.5 304-309 (87-97) 2.3 (4.2) 10,292 (1,815)
R-717-019A30 to 024A30 1,419 (4,842) 1,413 (4,821) 0.4 304—308 (88-94) 1.3 (2.3) 11,244 (1,983)
R-717-025A30 to 030A30 3,156 (10,771) 3,142 (10,725) 0.4 305-313 (90-103) 3.7 (6.7) 8,661 (1,527)
R-717-031A30 to 035A30 4,110 (14,028) 4,080 (13,927) 0.7 307315 (93-108) 5.2 (9.4) 8,073 (1,424)
R-717-036A30 to 041A30 2,657 (9,069) 2,634 (8,988) 0.9 304-311 (88-100) 3.0 (5.4) 9,101 (1,605)
R-717-042A30 to 047A30 1,832 (6,252) 1,782 (6,083) 2.8 304-308 (87-95) 1.9 (3.3) 10,165 (1,793)
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Table C.4.

Summary of experimental conditions and results from Wilson plots

for ammonia condensing on vertical Tube A (60° from the horizontal)

Condenser heat load

Vapor temperature

Condensing

Differ— Condensing heat
Series of runms [¥ (But/h)) ence range ;:??:::i::e transfer coegficient
[ ] . . .
Qc Qw (%) [K (°F)] [K (°F)] [W/m3-K (Btu/h-ft3:°F)]

R-717-001A60 to 006A60 1,030 (3,514) 996 (3,401) -3.3 304-307 (88-92) 1.0 (1.9) 10,141 (1,788)
R-717-007A60 to 011A60 4,004 (13,664) 3,921 (13,380) -2.2 307-315 (93-107) 5.9 (10.6) 7,005 (1,235)
R-717-012A60 to 017A60 2,634 (8,989) 2,587 (8,830) -1.9 303-310 (86-98) 3.4 (6.0) 8,080 (1,425)
R-717-018A60 to 023A60 3,503 (11,955) 3,425 (11,689) -2.3 306-314 (91-106) 4.9 (8.8) 2,330 (1,293)
R-717-024A60 to 029A60 3,145 (10,733) 3,085 (10,530) -2.0 304-312 (88-102) 4.2 (7.6) 7,698 (1,358)
R-717-030A60 to 035A60 1,785 (6,091) 1,720 (5,872) -3.7 304-308 (87-95) 2.0 (3.6) 9,192 (1,621)
R-717-036A60 to 041A60 1,421 (4,850) 1,386 (4,730) -2.5 305-308 (89-95) 1.5 (2.6) 9,936 (1,752)
R-717-042A60 to 047A60 2,260 (7,713) 2,141 (7,306) -5.4 304-309 (88-97) 2.7 (4.8) 8,747 (1,543)
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Table C.5. Summary of experimental conditions and results from Wilson plots

for ammonia condensing on vertical Tube E

Condenser heat load Differ— Vapor temperature Condensing Condensing heat
) [W (Btu/h)] range temperature .
Series of runs ence difference ttafsfct coefficient
Qc Qw (%) [E (°F)] [E (°F)] [W/m2-K (Btu/h-ft2:°F)]
R-717-009E to O016E 3,300 (11,300) 3,300 (11,400) -1.0 297-306 (76-92) 0.8 (1.5) 27,000 (4,700)
R-717-017E to 024E 5,000 (16,900) 5,100 (17,300) -2.0 300-313 (81-104) 1.6 (2.8) 21,000 (3,700)
R-717-025E to 031E 4,200 (14,400) 4,200 (14,500) -0.7 298-310 (77-98) 1.1 (2.1) 24,000 (4,300)
R-717-032E to 038E 2,400 (8,100) 2,400 (8,100) -0.9 296-302 (73-84) 0.5 (0.9) 32,000 (5,700)
R-717-039E to 045E 2,050 (7,000) 2,100 (7,100) -0.7 296-302 (73-84) 0.4 (0.7) 34,000 (5,900)
R-717-046E to 050E 1,700 (5,800) 1,700 (5,800) -0.3 296-301 (73-82) 0.4 (0.7) 30,000 (5,300)
R-717-051E to 056E 1,400 (4,700) 1,400 (4,800) -2.3 298-301 (77-83) 0.2 (0.4) 37,000 (6,600)
R-717-057E to 062E 1,000 (3,500) 1,100 (3,600) -3.6 298-301 (76-82) 0.2 (0.3) 41,000 (7,200)
R-717-063E to 068E 1,700 (5,700) 1,700 (5,800) -2.0 298-302 (77-84) 0.3 (0.6) 36,000 (6,300)
R-717-069E to 074E 2,900 (9,900) 3,000 (10,100) -2.2 299-307 (78-92) 0.7 (1.3) 27,000 (48,000)
R-717-075E to 081E 3,800 (12,800) 3,800 (13,100) ~1.8 301-310 (82-99) 1.0 (1.8) 26,000 (4,600)
R-717-082E to 086E 2,900 (9,900) 2,900 (9,900) 0.3 299-307 (79-92) 0.7 (1.2) 29,000 (5,100)
R-717-087E to 093E 4,300 (14,600) 4,400 (14,900) -2.1 302-313 (83-104) 1.6 (2.9) 18,000 (3,100)
R-717-094E to 099E 2,700 (9,200) 2,700 (9,200) -0.7 300-307 (80-93) 0.6 (1.1) 29,000 (5,100)
R-717-100E to 106E 4,400 (15,100) 4,500 (15,500) -2.7 303-314 (85-105) 1.8 (3.2) 17,000 (3,000)
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Table C.6. Summary of experimental conditions and results from Wilson plots
for ammonia condensing on vertical Tube L

Condenser heat load Differ— Vapor temperature Condensing Condensing heat
Series of runs [¥ (Btu/h)] ence range temperature transfer coefficient
difference 2. ££3+9F)]

Qc Qw (%) (K (°F)] (K (°F)] [W/m2:K (Btu/h-ft

R-717-007L to 012L 1,307 (4,461) 1,317 (4,495) 0.8 301-304 (82-87) 0.2 (0.4) 38,154 (6,729)
R-717-013L to 018L 3,148 (10,745) 3,101 (10,583) 1.5 299-307 (79-93) 0.8 (1.5) 27,100 (4,781)
R-717-019L to 024L 4,152 (14,171) 4,099 (13,939) 1.3 300-310 (81-99) 1.2 (2.1) 25,326 (4,467)
R-717-025L to 030L 3,657 (12,482) 3,581 (12,221 2.1 300-309 (81-97) 1.0 (1.8) 26,141 (4,610)
R-717-031L to 036L 1,594 (5,442) 1,562 (5,331) 2.1 301-305 (82-89) 0.3 (0.6) 33,633 (5,932)
R-717-037L to 042L 2,093 (7,142) 2,021 (6,896) 3.1 301-306 (83-92) 0.5 (0.9) 30,481 (5,376)
R-717-043L to 048L 2,632 (8,983) 2,595 (8,857) 1.4 302-308 (83-94) 0.7 (1.2) 28,032 (4,944)
R-717-049L to 054L 4,697 (16,030) 4,604 (15,713) 2.0 298-310 (78-99) 1.4 (2.5) 23,830 (4,203)
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Table C.7. Summary of experimental conditions and results from Wilson plots
for ammonia condensing on vertical Tube T

Vapor temperature Condensing

Condenser heat load Differ— Condensing heat
Series of runs [W (Btu/h)] ence range ;:?gzizzzze transfer coefficient
2., . 2,0
a a (%) (K (°F)] [k (op)]  [Wm*K (Btu/h-fe2-0F)]
R-717-001T to 006T 4,741 (16,182) 4,720 (16,109) 0.5 300311 (80-100) 3.0 (5.3) 17,758 (1,897)
R-717-007T to 012T 2,629 (8,972) 2,612 (8,913) 0.7 300-306 (80-91) 1.5 (2.7) 11,791 (2,080)
R-717-013T to 018T 1,250 (4,266) 1,258 (4,293) 0.6 301304 (82-87) 0.6 (1.2) 13,081 (2,307)
R-717-019T to 024T 4,140 (14,131) 4,095 (13,975) 1.1 301-311 (83-100) 2.6 (4.7) 10,667 (1,881)
R-717-025T to 030T 3,645 (12,440) 3,598 (12,280) 1.3 301-310 (83-98) 2.2 (4.0) 10,968 (1,934)
R-717-031T to 036T 3,100 (10,579) 3,075 (10,497) 0.8 301-308 (82-95) 1.8 (3.3) 11,260 (1,986)
R-717-037T to 042T 1,979 (6,754) 1,953 (6,665) 1.4 300-304 (80-88) 1.1 (1.9) 12,455 (2,197)
R-717-043T to 048T 1,550 (5,289) 1,558 (5,319) 0.6 300303 (80-86) 0.8 (1.5) 12,789 (2,256)
R-717-049T to 054T 3,053 (10,421) 3,029 (10,339) 0.8 300-308 (81-94) 1.8 (3.2) 11,387 (2,008)
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Table C.8. Summary of experimental conditions and results from Wilson prlots
for ammonia condensing on horizontal Tube V

Condenser heat load Differ- Vapor temperature Condensing Condensing heat
Series of runs [W (Btu/h)] ence range ;:??:::;:Ze transfer coefficient

Q_ a (%) [K (°F)] [k (op)]  (W/m*K (Btu/h-ft2-0F)]
R-717-001V to 006V 2,988 (10,197) 3,004 (10,252) —0.6 305-313 (88-104) 8.7 (15.7) 1,883 (332)
R-717-007V to 012V 1,140 (3,891) 1,161 (3,963) -1.9 301-305 (82-89) 3.1 (5.5) 2,031 (358)
R-717-013V to 018V 2,119 (7,291) 2,101 (7,172) 0.8 304-310 (88-99) 5.9 (10.6) 1,979 (349)
R-717-019V to 024V 2,414 (8,238) 2,401 (8,195) 0.5 304311 (88-101) 6.7 (12.0) 1,979 (349)
R-717-025V to 030V 2,692 (9,189) 2,713 (9,258) -0.8 303-311 (87-101) 7.8 (14.0) 1,902 (336)
R-717-031V to 036V 1,435 (4,897) 1,460 (4,981) -1.8 302307 (84-92) 4.0 (7.1) 1,984 (350)
R-717-037V to 042V 1,715 (5,852) 1,745 (5,957) -1.8 303-309 (86-96) 4.8 (8.6) 1,975 (348)
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Appendix D

EXPERIMENTAL DATA

Tables D.1 through D.14 document 153 runs that yielded 864 heat
transfer data points. The tables summarize experimental data used in data
reduction and for the construction of Wilson plots. Tables D.1 and D.5
were taken from Ref. 1, whereas Tables D.6 and D.7 were obtained from
Ref. 2. The tables list overall heat transfer coefficients, in addition
to saturation pressures and heat balance checks, Water velocities are
presented with Reynolds numbers for the various water flow rates. The
information was generated by computer code used for data reduction, and

the runs are grouped in series corresponding to Wilson plots.



Table D.1. Experimental data for ammonia condensing on Tube A (vertical)

I U
T p p F T Twin T AT AT Q Q a
No. v i sat c < m w.in w.out w C

Run No CF) (psia)  (psi)  (gpm)  CF)  (byih) Re CH P CH R Bun Buin ) e
R-717-0014  84.42 165.7 164.8 0.0896 79.38 26.96 73894. 66.94 67.81 0.78 17.05 13328. 12739. 4.4  746.
R-717-002A  91.89 186.7 186.3 0.0£92 84.08 26.65 17056. 66.92 70.26 3.34 23.30 12963. 12336, 4.8  531.
R-717-003A  95.87 197.7 198.5 0.0893 86.77 26.59 11901. 66.70 71.43 4.72 26.81 12825. 12089. 5.7 457,
B-717-004A  89.10 178.7 178.0 0.0898 82.69 26.90 27139. 67.30 69.57 2.25 20.67 13163. 13255. -0.7  608.
R-T17-005A  73.72 138.7 137.4 0.0540 72.76 16.40 69924. 63.13 63.73  0.51 10.29 8.82. 8357 -0.9  769.
R-717-006A  78.73 150.7 149.8 0.0535 76.39 16.17 16343. 63.46 65.63 2.16 14.19 8086. 8103. -0.2  544.
B-717-007A  81.81 159.2 157.8 0.0580 78.51 16.26 11421. 63.56 66.65 3.09 16.71 8079. 8027. 0.7  u462.
8-717-009A  78.24 147.2 148.5 0.0653 76.17 19.73 71213. 64.36 65.06 0.60 13.52 9876. 9709. 1.7  698.
R-717-010A  82.81 161.7 160.% 0.0648 80.09 19.37 16355. 64.04 66.67 2.62 17.45 9605. 9711. =1.1  526.
R-717-011A  85.75 169.2 168.5 0.0635 82.42 1902 11525, 63.93 67.59  3.65 19.99 9376.  9484. -1.2 448,
R=717-0130  79.71 152.7 152.3 0.0729 78.05 21.98 71837, 64.96 65.72 0.68 14.37 10967. 11094. -1.1  729.
R-717-014A  85.65 169.2 168.2 0.0728 82.70 21.80 17680. 64.79 67.57 2.77 19.47 10745. 10992. -2.3  527.
B-717-015A  90.28 182.7 181.5 0.0742 86.95 22.08 11738, 64.98 69.11 4.13 23.24 10781. 10729. 0.5  &4u3.
R-717-017A  83.23 163.2 161.6 0.0881 B81.04 26.43 72503. 65.54 66.46 0.8 17.23 13395. 13u88. -3.0  726.
R-717-018A  87.79 175.2 174.2 0.0879 B84.63 26.25 27077. 65.93 68.15 2.20 20.75 12882. 13222, -2.6  593.
8-717-019A  91.51 186.2 185.1 0.0882 87.70 26.24 18208. 66.50 69.76 3.26 23.38 12774. 12983. -1.3  S522.
R=T17-021A  77.92 147.7 147.7 0.0663 76.31 20.02 32.6 71146, 64.30 65.01 0.63 13.27 10027. 10181. =1.5  722.
R-717-0220  82.77 161.7 160.3 0.0€53 79.96 19.62 7.7 16964, 64.04 66.61 2.56 17.44 9729. 9835. -1.1 533,
P-717-023A  86.53 172.2 170.7 0.0656 83.00 19.64 5.1 11399. 64.08 67.78 3.73 20.63 9663. 9569. 1.0  447.
R-717-025A  78.02 188.7 148.0 0.0638 76.15 19.29 32.6 72141, 65.30 65.99 0.61 12.38 9658.  9921. 2.7  745.
R-717-026A  80.41 154.7 154.1 0.0€36 7817 19.17 13.8 30656. 65.18 66.65 1.45 14.50 9552. 10033, -5.0  629.
R-717-027A  83.29 162.7 161.7 0.0636 80.40 19.11 8.0 17889. 65.17 67.61 2.84 16.90 9467. 9758. -3.1  535.
R-717-028X  88.00 175.7 174.8 0.0638 84.17 19.06 4.7 10599, 64.98 69.02 4.02 21.00 9350. 9448. -1.0  425.
B-717-029A  90.27 182.7 181.8 0.0644 86.27 19.19 4.0 9061. 64.96 69.69 4.73 22.9% 9369. 94u8. -0.8  390.
R-717-030A  80.75 154.2 155.0 0.0806 78.27 24.29 70458. 63.75 64.61 0.77 16.57 12096. 12570. -3.9  697.
R-717-031A  86.42 169.7 170.3 0.0816 83.27 24.40 21704. 68.08 66.59 2.49 21.08 12011. 12280. -2.2  S44.
R-717-032A  91.28 184.2 184.4 0.0816 87.51 24.25 12034, 63.26 67.72 4.45 25.79 11815. 12113, -2.5  438.
R-717-033A  96.04 199.7 199.0 0.0825 91.60 24.38 8760. 63.1€ 69.16 5.99 29.88 11753. 11761. -0.1  376.
E-717-034A  72.25 135.2 138.0 0.0350 71.22 10.64 72622. 65.91 66.33  0.33  6.13 5386.  S425. -0.7  840.
R-717-035A  74.69 140.7 139.8 0.0355 72.85 10.78 22013. 65.78 66.92 1.13  8.38 5432. 5572. 2.6  622.
R-717-036A  77.23 186.2 146.0 0.0358 78.72 10.84 12214, 65.53 67.58 2.08 10.68 5436.  5550. -2.1  u486.
R-717-037A  79.92 153.7 152.8 0.0365 76.90 11.01 8873. 65.70 6€8.88 2.78 12.83 5490. 5353, 0.7  409.
R-717-038A  73.86 138.7 137.8 0.0236 70.68 7.19 26.3 76619. 69.88 70.18 0.21 3.83 3630.  3356. 7.6  905.
R-717-039A  75.47 182.2 141.7 0.023a 72.12 7.11 7.9 23210. 69.84 70.60 0.76 5.25 3577. 3786. 4.7  651.
R-717-040A  77.00 186.2 185.4 0.023% 73.09 7.11 4.4 12845. 69.55 70.92 1.36 6.76 3569. 3715. -4.1  504.
R-717-041A  78.20 148.7 148.4 0.0237 74.12  7.19 322 9251, 69.23 71.06 1.82 8.05 3596.  3582. 0.8 427,
R-T717-042A  73.95 138.7 138.0 0.0231 70.11 7.03 26.3 76717. 69.97 70.28 0.23 3.82 13547.  3698. -4.3  886.
R-717-043A  75.53 142.2 141.8 0.0227 71.47  6.91 7.9 23215, 69.85 70.63 0.77 5.29 3479. 3810. -9.5  628.
R-717-044A  77.00 186.2 145.4 0.0228 72.28  6.93 4.4 12839. 69.53 70.89 1.36 6.79 3479.  3696. -6.2  489.
B-717-045A  78.31 149.2 188.7 0.0231 73.39 7.00 3.2 9256. 69.26 71.11 1.86 8.12 3504.  3647. 4.1 w12
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Table D.1 (continued)

— U
Ty P Psat Fe Te me Fw v Twin  Twout ATy AT c Qw 4 Bt
Run No. CF) (psia)  (psia)  (gpm) CF) (bu/h)  gpm)  (fHs) Re Q) CP CH P (Buw/m  (Buk (D h-(ftz~“l’/F)

R~717-046A 69.65 128.7 128.0 0.0176 67.64 5.37
R-T717-047A 70.31 130.2 129.5 0.0177 68.46 S.40

2.6 73482. 66.88 67.09 0.17 2.68 2735. 2737. - 974.
3.0
R-717-048A 71.29 132.2 131.7 0.0178 69.31 5.42 9.8
5.4
3.9

6.3 0.1
8.5 52142, 67.25 67.52 0.22 2.92 2744, 2551. 7.0 897.
7.9 22368. 67.21 67.80 0.58 3.78 2751. 2850. -3.6 695.
R-T717-049A 72.83 134.7 134.4 0.0179 69.88 5.45 8.4 3.0
3.2 2.8

12386. 67.07 68.06 0.98 8.87 2759. 2677. 541.
R=717-050A 73.55 137.7 137.0 0.0179 70.75 5. 46

8939. 66.93 68.31 1.37 5.93 2760. 2683. 445,

R-717-051A 68.99 127.2 126.5 0.0183 67.86 5.60 32.6 26.3 72712. 66.08 66.34 0.17 2.78 2355. 2851. 0.1 980.
R=-717-052A 69.41 128.2 127.5 0.0183 68.43 5.60 23.0 18.5 51442, 66.26 66.55 0.24 3.00 2852. 2793. 2.1 908.
R=717-053A 70.22 130.2 129.3 0.0184 68,88 5.63 9.8 7.9 22007. 66.04 66.62 0.56 3.89 2860. 2771, 3.1 702,
R-717-054A 71.33 132.7 131.8 0.0183 69.46 5.58 5.8 4.8 12165. 65.74 66.78 1.03 5.07 2833, 2800. 1.2 534.
R-717-055A 72.43 135.2 134.8 0.0182 69.93 5.53 3.9 3.2 8781. 65.63 67.08 1. 80 6.10 2802. 2753. 1.7 439.
R-717-056A 22.05 138.7 133.5 0.0378 71.68 11.48 32.6 26.3 71657. 64.94 65.38 0.35 6.89 58 18. 5783. 0.6 807.
R=717-057A 74.33 180.2 138.9 0.0377 73.81 11.48 9.8 7.9 21696. 64.70 65.92 1.21 9.02 5772. 5946. -3.0 611,
R-717-058A 77.03 146.7 185.5 0.0377 75.43 11,41 5.4 4.4 12070. 684.62 66.78 2.1 11,33 5723. 5839. -2.0 482.
R-717-0591 79.73 153.7 152.4 0.0377 77.53 11.39 3.8 3.1 8577. 64.64 67.61 2.96 13.61 5682. 5700. -0.3 399.
R=-T717-060A 71.07 131.7 131.2 0.0301 68.55 9.19 32.6 26.3 72439, 65.75 66.12 0.29 5.13 4666. 4659. 0.2 869.
R-717-061A 73.48 137.2 136.9 0.0308 70.842 9.39 9.8 7.9 21802. 65.88 66.90 1.01 7.09 47482, 8935. -4.1 639.
R-717-062A 75.98 143.7 182.9 0.0310 72.67 9. 41 S.4 4.3 12100. 65.91 67.70 1.78 9.18 4731, 4791, -1.3 492,
R-717-063A 77.79 147.7 147.8 0.0309 73.73 9.38 3.8 3.1 B664. 65.64 68.06 2.81 10.93 4699. 4636. 1.3 410,
R-717-064A 70.94 132.2 130.9 0.0316 70.96 9.62 32.6 26.3 71823. 65.13 65.52 0.31 5.61 38 86. 4985. -2.1 832,
R-717-065A 72.16 135.2 133.8 0.0315 72.26 9.58 12.6 10.2 27827. 65.10 65.90 0.79 6.66 48 50. 4974. -2.6 695.
R-717-066A 72.86 136.7 135.4 0.0308 72.98 9.135 9.8 7.9 21757. 64.99 66.03 1.02 7.36 4731. 5035. -6.8 614,
R-717-067A 71.83 138.7 133.0 0.0302 71.92 9.18 17.7 14.3 39156. 65.31 65.93 0.58 6.21 4651. 5174.-11.3 715.
R-T717-068A 73.59 138.7 137.1 0.0311 73.10 9.u43 7.7 6.2 17023. 64.92 66.22 1.29 8.02 4762. 8971. -4.4 567.
R=T17-069A T4.15 139.7 138.5 0.92313 73.66 9.49 6.4 5.2 14182. 64.75 66.28 1.53 8.63 4790. 4895. -2.2 530.
R-717-070A 76.81 141.2 140.1 0.0311 73.90 9.42 5.4 4.4 11931, 68.64 66.82 1.77 9.28 4744, 4781. -0.8 488.
R~717-071A 75.54 183.2 141.8 0.0313 74,48 9.47 4.8 3.9 10742. 68.70 66.71 2.00 9.84 4767. 48485. -1.6 863.
R=-T717-072A 75.95 144.2 142.8 0.0313 74.78 9.u47 4.5 3.6 9969. ©64.65 66.80 2.1 10.23 4763. 4814, -1.1 au4s.
R=-717-073A 76.82 146.2 185.0 0.0309 75.10 9.35 3.9 3.2 8720. 64.61 67.05 2.43 10.99 4695. 4772. -1.6 408.
R-717-074A 78.57 150.2 149.4 0.0201 75.85 6.08 33.0 26.6 83222. 75.37 75.62 0.18 3.08 3041, 3013. 0.9 943.
R-717-075A 79.34 152.2 151.3 0.0201 76.70 6.07 17.7 14.3 4u816. 175.61 76.00 0.34 3.53 3033. 3046. ~0.5 821.
R-T717-076A 79.96 153.9 152.9 0.020% 78.08 6.15 12.6 10.2 31980. 75.73 76.26 0.52 3.97 3067. 3281. -7.0 739.
R=717-077A 80.34 154.7 153.9 0.0208 78.56 6.16 9.8 7.9 25015, 75.72 76.36 0.68 4.30 3070. 3135. -2.1 682,
R-717-078A 80.65 155.7 158.7 0.0207 78.28 6.22 7.6 6.1 19305. 75.42 76.28 0. 85 4.80 3100. 3231. -8.2 617.
R=T717-079A 81.06 156.2 155.8 0.0205 78.36 6.17 6.0 5.1 16148. 75.40 76.40 0.99 5. 16 3072. 3156. -2.7 569.
R-717-080A B1.47 157.2 156.9 0.0205 78.57 6.17 S.4 4.4 13815. 75.31 76.48 1.16 5.58 3069. 3165. -3.1 526.
R=-717-081A 81.72 157.7 157.5 0.0206 78.93 6.21 4.9 3.9 12414, 75.21 76.49 1.28 5.87 3085. 3119. -1.1 502.
R=-T717-082A 82.18 159.7 158.8 0.0207 79.26 6.22 5.4 3.6 11291, 75.26 76.68 1.682 6.22 3087. 31484, -1.8 474,
R-717-083A 82.68 161.2 160.1 0.0206 79.57 6.20 3.9 3.2 9976. 75.20 76.80 1. 60 6.67 3375. 3137. -2.0 440,
R-717-084A 83.54 162.7 162.4 0.0206 80.05 6.19 3.2 2.6 8173. 75.03 76.97 1.93 7.54 3067. 3100. -1.1 389.
BR-717-085A 76.78 146.2 144.9 0.0125 7T4.59 3.78 33.0 26.6 82580. 74.79 75.00 N.13 1.89 1899. 2190.-15.3 96 1.
R-T717-086A 77.51 147.7 186.7 0.0127 75.29 3.85 9.8 7.9 24642. 7T4.67 75.08 0.8 2.63 1930. 2025. -4.9 701.
R-717-087A 78.28 149.7 148.6 0.0126 75.72 3.80 5.4 4.3 13396. T78.42 75.18 0.76 3.u48 1901. 2083. -7.5 521.
R-717-088A 79.05 151.7 150.6 0.0125 76.25 3.77 3.9 3.2 9836. 74.80 75.42 1.01 4.14 1883. 1986. -5.5 434,
R-717-0892A 76.21 ta8.7 143.5 0.0118 74.97 3.46 33.0 26.6 82150. 74.39 74.60 0.13 1.72 1739. 2180.-23.1 967.
g=T717-090A 76.88 145.7 145.1 0.0113 75.35 3.43 9.8 7.9 24276. 74.32 7T4.70 0.38 2.37 17 22. 1848. -7.4 693.
R-717-091A 77.48 147.2 146.6 0.0113 75.93 3.43 5.8 4.3 13366. 74.00 74.68 0.68 3. 14 1718. 1822. =-6.1 523.
R=717-092A 77.97 149.0 147.9 0.0112 76.35 3.40 3.9 3.1 9671. 73.74 T4.66 0.92 3.77 1700. 1792. ~5.4 431,
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Table D.1 (continued)

U

T P P F T, F v Twin T AT AT A
R LYy i sat c < m w .in .out Q Q

un No. (°F) (psia) (psia) (gpm) °F) MJM (gpm)  (ftfs) Re (#) F% Pg ©F) (mﬁm mmh) (%) hfﬁ%
R-717-098A T7.79 1488.7 147.4 0.0118 77.14 3.43 9.8 7.9 28675. 75.18 75.57 0.38 2,42 1717. 1882. -9.6 678.
R-717-099A 78.45 150.2 149.1 0.01148 77.40 3.485 5.3 8.2 13221. 74.88 75.60 0.72 3.21 1728. 1888. -9.0 514.
R-717-100A 77.20 147.8 145.9 0.0119 77.19 3.59 33.0 26.6 83119, 75.30 75.50 0.13 1.80 1799. 2078.-15.3 955.
R=717-101A 77.76 188.2 147.3 0.0117 77.19 3.54 18.0 14.5 45536. 75.61 75.86 0.23 2.02 1775. 2083.-17.4 880.
R-717-102A 79.60 153.2 152.0 0.0114 78.19 3.43 3.9 3.1 9871. 75.30 76.26 0.96 3.82 1712, 1860. -8.7 428,
R=-717-103a 81.17 153.7 156.1 0.0911 79.18 27.842 32.6 26.3 67888. 60.48 61.44 0.88 20.21 13645. 14254. -4.5 645.
R-717-104a 87.16 170.4 172.4 0.0920 85.26 27.44 9.8 7.9 20726. 60.66 63.52 2.83 25.07 13486. 13974. -3.6 514.
R=-717-105A 93.58 189.7 191.4 0.0938 91.01 27.75 5.4 4.4 11448, 60.05 65.16 5.10 30.97 134¢52. 13775. -2.8 415,
R=-717-106A 98.84 206.7 208.1 0.0983 95.01 27.72 3.9 31 8382. 59.79 66.68 6.88 35.61 13282. 13416. -1.0 356.
R-717-107A 95.27 192.7 1%.6 0.1191 91.98 35.20 9.8 7.9 21033. 61.32 63.91 3.59 32.16 16998. 17670. -4.0 505.
R=-717-108A 88.60 171.7 176.6 0.1174 85.31 35.04 32.6 26.3 68752. 61.6€ 62.83 1.09 26.36 17165. 17740. -3.4 622.
8-717-109A 108.13 221.7 225.9 0.1232 100.34 35.95 5.4 4.8 11749, 61.22 67.65 6.82 39.70 17013. 17334. -1.9 809.
R-717-1104 94.44 188.7 194.0 0.1211 89.80 35.88 17.7 14.3 38106. 62.63 64.75 2.10 30.75 17360. 18600. -7.1 539.
R-717-1112a 90.93 178.9 183.4 0.0987 87.84 29.35 32.6 26.3 75569. 68.49 69.53 0.98 21.92 14308. 15362. -7.8 623.
R-717-112a 94.30 189.2 193.6 0.0997 90.69 29.50 17.7 14.3 41623. 69.19 70.95 1.75 24.23 14276. 15460, -8.3 563.
B-717-1134 97.37 199.2 203.3 0.1008 93.78 29.59 9.8 7.9 22867. 68.29 71.46 3.17 27.50 14222. 15435. -8.5 494,
R-T17-114A 103.36 218.7 223.2 0.1018 99.88 29.76 5.4 4.8 12901. 67.84 73.28 S.44 32.80 14108. 14818. -5.0 411,
R=717-1194 80.76 154.7 15%5.0 0.0754 79.74 22.67 32.6 26.3 71961. 65.06 65.87 0.72 15.29 11290. 11713. -3.7 705.
R-717-120A 85.51 168.2 167.8 0.0761 84.16 22.73 9.8 7.9 21981. 65.05 67.44 2.38 19.27 11208. 11709. ~4.5 556.
R=-717-121x 90.17 182.2 181.1 0.0763 88.32 22.67 5.4 4.4 12240. 68.58 68.83 4.28 23.47 11071, 11539. -4.2 451.
R=717-122A 95.05 197.2 195.9 0.0772 92.92 22.79 3.9 3.2 8925. 64.60 70.42 5.82 27.54 11009. 11421, -3.7 382.
B=-717-123A 82.48 158.7 159.6 0.0468 80.57 14.06 32.6 26.3 80043. 73.19 73.69 0.43 9.04 6978, 7042. -0.9 737.
B-717-124A 84.58 166.7 165.2 0.0459 82.61 13,75 9.8 7.9 24377. 713.317 MM.77 1.45 10.53 6795. 7135. -5.0 616.
R=717-1254 87.51 1784.7 173.4 0.0858 84.98 13.66 5.4 8.4 13558. 73.16 175.72 2.55 13.07 6710. 6944, -3.5 490.
R-717-126A 90.40 183.2 181.8 0.0862 87.80 13.74 3.9 3.2 9879. 73.09 76.62 3.52 15.54  6707. 6933. -3.4 412,
R=717-127A 79.96 153.7 152.9 0.0€65 79.15 20.01 33,3 26.8 74501. 66.08 66.78 0.62 13.53 9979. 10250. -2.7 705.
R-717-128a 85.66 168.7 168.2 0.0677 84.30 20.21 9.6 7.7 21723. 66.17 68.33 2.15 18.41 9965. 10338. -3.7 517.
BR=-717-129A 90.19 181.7 181.2 0.0678 88.24 20.15 5.4 4.4 12414, 65.88 69.59 3.70 22.46 9840. 10087. -2.5 419,
B-717-130a 94.17 193.7 193.2 0.0681 91.89 20.12 3.9 3.2 9026. 65.76 70.90 5.13 25.84 9741. 10080. -3.5 360.
R-717-131A 78.25 149.7 148.6 0.08968 77.36 18.11 33.4 26.9 77790. 69.10 69.62 0. 42 8.89 7062. 7043. 0.3 759.
R-717-132A 81.08 157.2 155.8 0.0468 79.67 13.95 9.8 7.9 23012. 68.88 70.29 1.41 11,49 6944, 6925. 0.3 5717.
R-717-133A 84.55 166.7 165.2 0.0461 82.78 13.80 5.4 4.4 12793. 68.66 T1.21 2.58 18.61 6819. 6915. -1.8 446.
R-717-1342a 87.08 173.7 172.2 0.0455 84.87 13.57 3.9 3.2 9269. 6€8.54 72.03 3.50 16.79 6670. 6873. -3.0 379.
R-717-1354A 88.55 176.7 176.48 0.1€25 86.31 30.53 33.4 26.9 75162. 66.35 67.35 0.91 21.70 14361. 15121, -1.1 659.
R-717-136A 95.37 197.7 196.9 0.1C49 93.22 30.94 9.8 7.9 22447. 66.34 69.48 3.12 27.46 14936. 15321. -2.6 519.
R=717-137A 101.94 219.7 218.4 0.1055 99.34 30.83 S.4 4.4 12593, 66.04 TI.51 S.46 33.17 145665. 14864. -1.4 422.
R-717-138a 108.53 282.2 241.6 0.1C79 105.66 31.23 3.8 3.1 8926. 65.88 73.71 7.83 38.74 18526. 14907. -1.9 361.
R-717-139A 83.03 162.2 161.0 0.0175 80.40 5.26 38.0 27.4 91169. 80.22 80.47 0.18 2.69 2607. 3036.-16.5 926.
B-717-1404 85.10 168.2 166.7 0.0172 82.24 5.16 9.8 7.9 26445. 80.98 81.55 0.56 3.83 2547. 2719. -6.8 635.
R-717-141A 86.50 171.7 170.6 0.0174 83.38% 5.19 5.4 4.4 14697. 81.05 82.05 1.00 4.95 2556. 2683. -5.0 493.
R=-717-142A 87.78 175.7 174.2 0.0175 84.28 5.23 3.9 3.2 10786. 81.23 82.62 1.39 5. 86 2569. 2727. -6.2 §19.
R=-T717-143A 86.60 171.7 170.9 0.0337 84.92 10.06 384.0 27.4 91501. 80.85 80.82 0.31 5.97 4952, 5281. -5.8 793.
R-717-1842 88.63 177.7 176.6 0.0328 85.89 9.79 9.8 7.9 26649. 80.5€ 81.56 0.99 7.56 4797. 4885. -1.8 606.
R-717-145A 90.77 184.2 182.9 0.0326 87.39 9.69 5.5 4.8 14951, 80.59 82.31 1.7 9.32 4725. 4687. 0.8 a84.
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Table D.1 (continued)

_ U
T P P F T F v Twin T AT aT
Run No. o . sat c (4 me w w,in w,out w c Q
un No ©F) (psia)  (psia)  (gpm) ) (bgih)  (gpm)  (ft/s) Re eH eh P CF  (Bujh)  (Bufh) (%) n,‘f?z‘_‘f,/ﬂ

R-717-1462 84.53 167.2 165.1 0.0257 82.72 7.71 38.0 2
BR-717-147A 86.18 170.7 169.7 0.0256 83.59 7.66 9.8
R=717-148A 87.89 175.7 178.5 0.0253 84.39 7.55 5.4

7 91091. 80.12 80.43 0.28 3.26 33 08. 8020. -5.6 854,
7
4
R=T717<1492 89.25 179.7 178.4 0.0250 85.70 7.36 3.9 3
7
7
4
3

-4

-9 26827. 79.99 80.79 0.79 5.79 3772. 3867. -2.5 622.
.8 18660. 79.89 81.30 1.80 7.29 3705. 3820. -3.1 485.
<2 10609. 79.94 81.83 1.88 8.37 3648. 3688. -1.1 a316.

B-717-150A 88.20 177.2 175.4 0.0396 85.97 11.81 34
R-717-1512 90.98 184.7 183.5 0.0394%4 88.32 11.69 9
R=717-1522 93.88 193.7 192.3 0.0399 90.92 11.80 5
R-T717-153A 95.90 199.7 198.6 0.0399 932.42 11.77 3

~

o4 92280. 81.07 81.50 0.35 6.91 5793. 5954. -2.8 801,
.9 26877. 81.16 82.34 1.17 9.23 5698. 5749. -0.9 590.
.4 15012. 81.50 83.54 2.08 11.35 ST 1, 55481. 3.0 a8 1.
-2 10836. 81.15 88.05 2.90 13.30 5676. 5688. -0.2 408.
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Table D.2. Experimental data for ammonia condensing on Tube A (horizontal)

Iy P Psal Fe T, m F v Twin  Tw. AT at Q Q v

Run No. ©F) (psia)  (psia) (gpm) CE (bpfh  (gpm)  (fs) Re 3] cR P k) ®wfh)  (Bulh) ;gﬁn
R-717-001AH 87.53 173.7 173.5 0.0779 87.17 23.17 35.0 28.2 90776. 77.3C 78.08 0.6 9.88 11376. 11263. 1104.
B-717-002AH 89.62 180.2 179.5 0.0782 89.51 23.19 17.7 14.3 46361. 77.80 79.1a  1.27 11.15 11339. 11250. 971.
R-717-003AH 92.55 189.7 188.2 0.0783 92.31 23.11 9.8 7.9 25860. 77.8% 80.23 2.27 13.89 11228. 11123, 795.
R-717-008AH 94.20 194.7 193.3 0.0782 93.92 23.03 7.6 6.1 20095. 77.71 80.72 2.97 14.99 111488. 11269, 7M1,
B-717-005AH 97.10 203.2 202.% 0.0780 96.52 22.88 5.4  &4.& 14490. 77.62 81.71 4.08 17.43 11003. 10990. 603.
B-717-006AH 100.89 215.7 21488 0.0783 100.09 22.85 4.0 3.2 10721. 77.55 83.07 S.47 20.59 10698. 10922. 505.
R-717-007AH 85.15 167.2 166.8 0.0288 84.89 8.61 35.0 28.2 96135. B82.11 82.47 0.28 2.85 4248. 4121, 0 1423,
R-717-008AH B86.01 169.7 169.2 0.0288 85.52 8.60 17.7 14.3 48789. 82.31 82.85 0.47 3.43 #236. 4181, 2 1180
R-717-009AH 86.88 172.7 171.7 0.0290 86.45 8.62 9.9 8.0 27260. 82.05 82.95 0.8 84.39 4241. 4243, 0 924.
R-717-010AKF 87.71 178.7 174.0 0.0291 87.27 8.66 7.6 6.1 20984. 82.18 83.30 1.12 8.99 4253. 8243, 2 8ta.
R=-717-011AH 89.12 179.2 178.1 0.0288 88.52 8.54 5.3 4.3 14850. 82.35 83.96 1.58 5.96 4181.  4220. 9 670.
R-717-012AH 90.70 183.7 182.7 0.0288 89.86 8.54 3.9 3.2 11011. 82.82 84.59 2.18 7.20 4168. §221. 9 552.
B~-717-013A0 92.65 189.7 188.6 0.1€09 91.90 29.81 35.0 28.2 93669. 79.72 80.66 0.80 12.87 14479. 13039. 0 1109.
BR-717-014AH 95.72 198.7 198.0 0.1016 98.74 29.90 17.7 14.3 47879. 80.20 8%.90 1.64 14.67 14428. 13882, 8 939,
R~-717-01SAH 99.29 210.7 209.5 0.1020 98.21 29.86 9.8 7.9 26815 80.09 83.08 2.91 17.72 18292. 14285, 0 770.
R-717-016AH 101.69 218.7 217.5 0.1025 100.52 29.90 7.6 6.1 20823. 80.21 83.97 13.72 19.60 18233. 14124, 8 694.
R-717-017AH 106.79 237.7 235.3 0.1028 105.36 29.66 5.1 4.1 18199. 80.62 86.19 S5.55 23.38 13949. 14126. 3 570.
R-717-018AH 90.34 183.2 181.6 0.0905 89.87 26.82 35.0 28.2 92557. 78.79 79.67 0.75 11.11 13092. 13084. 0.8 1125,
B-717-019AH 93.36 192.2 190.7 0.0928 92.74 27.37 17.7 14.3 47357. 79.39 80.9% 1.48 13.19 13:.78. 13060. 1.6 96 1.
R-717-020A8 96.68 202.2 201.1 0.0931 95.88 27.34 9.8 7.9 26370. 79.27 81.98 2.66 16.05 13160. 12986. 1.3 783.
B-717-021AH 98.78 209.7 207.8 0.0932 97.87 27.31 7.6 6.2 206€5. 79.29 82.78 3.41 17.76 13085. 13026. 0.5 704.
B-717-022AH 102.15 220.7 219.1 0.0932 101.08 27.17 5.8 4.4 14837. 79.18 83.96 8.73 20.58 12916. 12858. 0.5 599,
R-717-023AH 106-74 236.7 235.1 0.0934 105.81 27.04 3.9 3.1 10784. 79.28 85.80 6.47 28.20 12717. 12589. 1.0 502.
B~717-028AH 85.56 169.2 168.0 0.0538 85.48 16.05 35.0 26.2 93198. 79.50 80.06 0.43 S.78 7912.  7S43. 7 1307.
B-717-025AH 87.20 173.7 172.5 0.0536 86.88 15.95 23.0 16.5 62052. 80.86 81.21 0.66 6.36 7835. 7619. 8 1177.
R~717-026AH 89.27 179.7 178.5 0.0538 88.87 15.96 9.8 7.9 26549. 79.97 81.55 1.58 8.52 7809. 7582. 9 876,
B=717-027AH 95.21 197.7 196.4 0.0535 94.10 15.76 3.9 3.1 10648. 79.91 83.71 3.78 13.80 7610. 73S7. 3 sa2.
R-717-028A8 87.67 178.7 173.9 0.0803 87.72 11.98 35.0 28.2 97143. 82.92 83.38 0.38 4.52 S§82. 5884, 0 1244,
R-717-029AH 88.66 177.7 176.7 0.0398 88.58 11.82 23.0 1£.5 64533. 83.78 88.33 0.87 4.61 5788. 5370. 2 1200.
R-717-030AH 90.01 182.2 180.7 0.0399 89.79 11.83 9.9 8.0 27687. 83.18 88.38 1.16 6.23 5777. 5734, 7 886.
R-717-031AH 98.2¢ 198.7 193.4 0.0396 93.28 11.66 3.8 3.1 10823. 82.72 85.68 2.98 10.08 S5685.  S655. 2 537.
R-717-032AH 86.90 172.7 171.7 0.0193 85.58 5.78 35.4 26.5 100660. 85.01 85.29 0.16 1.7a 2828. 2773. 1588.
R-717-033AH 87.29 173.7 172.8 0.0198 85.89 S.79 22.9 18.5 65228. 85.13 85.87 0.25 1.99 28487. 2902. 1366.
B-717-034AR 88.32 176.7 175.8 0.019% 86.75 5.79 9.8 7.9 28139. 85.23 85.86 0.59 2.78 2837. 2899. 974.
B-717-035AH 90.48 182.7 181.9 0.0192 88.30 5.71 3.9 3.1 11171. 85.03 86.50 1.85 .68 2785. 2817. 569.
B-717-036AH 88.93 166.7 166.2 0.0635 84.84 18.95 35.0 28.2 90558. 77.17 77.83 0.52 7.43 9355. 91S0. 1202.
R-717-037AH 86.03 170.2 169.3 0.0638 85.88 18.91 23.0 1€.5 S98C7. 77.45 78.33 0.79 8.13 9313. 9030. 1094.
B-717-038AH 89.10 179.2 178.0 0.0633 88.57 18.79 9.8 7.9 25782. 77.85 79.37 1.86 10.69 9197. 9160. 822.
B-717-039AH 95.97 200.2 198.8 0.0628 94.63 18.#8 3.9 3.1 10313. 76.91 81.55 8.59 16.73 B8910. 8935, 508.
8-717-040AH 88.03 175.7 174.9 0.0800 87.21 11.91 35.0 28.2 98085. 83.68 8a.1a 0.33 8.12 5380. S780. 1354,
R-717-04%AH 89.32 179.7 178.7 0.0396 88.33 11.76 23.0 16.5 65128. 84.52 85.10 0.49 4.51 S758. S634. 1217.
R-717-082aH 90.96 184.7 183.5 0.0802 89.82 11.91 9.8 7.9 27874. 88.184 85.37 1.19 6.21 5806. 5838. 893.
B-717-043AH 95.52 199.2 197.84 0.0399 93.96 11.75 3.8 3.1 10992. 84.00 86.99 2.96 10.02 S673. 5691. s41.
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Table D.3. Experimental data for ammonia condensing on Tube A (30° for the horizontal)

- u

Run No. ;r" P Psat Fe Te me Fw v Re Twin  Twout ATy, AT Qc Qw 4 (Btu/
°F) (psia) (psia) (gpm) °F) (bu/h)  (gpm)  (ftfs) 93] F) CF (3] (Btu/h) (Btu/h) (%) nfi2°F)

B-717-001230 90.23 182.2 181.3 0.0872 89.59 25.85 35.0 28.2 92650. 78.89 79.73 0.71 10.92 12619. 12815, 1.6 1104,
R-717-002430 92.88 190.7 189.2 0.0890 92.10 26.28 23.0 18.5 62014. 80.21 81.37 1.06 12.09 $2759. 12209. 4.3 1008.
BR-717-003430 96.36 201.7 200.1 0.0893 95.41 26.25 9.8 7.9 26380. 79.36 81.96 2.58 15.71 12588. 12833, 1.7 769.
R-717-004430 98.36 208.2 206.5 0.0888 97.38 26.08 7.6 6.1 20635. 79.89 82.78 3.25 17.23 12487. 12378, 0.9 692,
B-717-005430101.88 217.7 216.8 0.0888 100.22 25.91 5.4 8.8 14698. 79.28 83.82 8.89 19.93 12380. 12099. 2.0 592.
R-717-006A30105.90 233.7 232.1 0.0887 108.33 25.78 3.9 3.2 10812, 79.55 85.M 6.11 23,27 12131. 11989, 1.5 898.
B-717-007A30 87.08 172.7 172.2 0.0220 85.95 6.57 35.0 28.2 99336. 84.84 85.15 0.18 2.08 3227. 3213. 0.8 14882,
BR-717-008430 87.71 174.7 178.0 0.0221 B86.89 6.59 23.0 18.5 65558. 85.19 85.52 0.25 2.36 3233. 2915. 9.9 1311,
B-717-009A30 88.56 177.2 176.% 0.0221 87.82 6.56 9.8 7.9 28059. B88.96 B85.65 0.66 3.25 3216. 3238. -0.7 945,
B=717-010A30 89.12 179.2 178.1 0.0219 87.98 6.51 7.6 6.1 21788, 85.03 B85.90 0.83 3.65 318a. 3171. 0.a 832.
B-717-011A30 90.01 181.7 180.7 0.0219 88.85 6.51 5.8 8.8 15576. B88.97 86.19 1.20 5.83 3180. 3255. -2.4 686.
8=-717-012A30 91.83 186.7 188.9 0.0220 90.09 6.52 3.9 3.1 11202. 85.1¢ 86.83 1.66 5.88 3176, 3230. 1.7 557.
R-717-013130 86.82 172.7 171.5 0.0547 86.38 16.28 35.0 28.2 94329. 80.88 81.03 0.83 6.07 8008. 7526. 6.0 1260.
R-717-014A30 88.23 176.7 175.5 0.0551 87.66 16.38 23.0 18.5 62576. 81.14 81.89 0.66 6.71 8029. 7596. 5.8 1182,
B=717-015A30 90.39 182.7 181.8 0.0551 89.62 16.33 9.8 7.9 26779. 80.63 82.27 1.59 8.93 7372. 7838. 1.7 852,
R=717-016A30 91.73 187.2 185.8 0.0589 90.87 16.25 7.5 6.1 20612. 80.76 B82.83 2.08 9.93 7906. 7691. 2.7 761.
B=717-017430 93.80 193.7 192.1 0.0550 92.69 16.22 5.8 8.8 183929. 80.65 83.89 2.81 11.73 7860. 7686. 2.7 6480.
R=717-018A30 97.04 203.7 202.2 0.0%552 95.78 16.21 3.9 3.2 10857. 81.01 843.98 3.90 14.06 7795. 7629. 2.1 529.
R-717-019430 88.17 176.2 175.3 0.0336 87.16 10.00 35.0 28.2 98973. 84.39 84.90 0.28 3.48 4908 8907. -0.1 1387,
B-717-020A30 88.82 178.2 177.2 0.0337 87.83 10.02 23.0 16.5 65239. 83.70 85.19 0.81 3.87 4905. 3682. 4.6 1210.
R=717-021A30 90.30 182.7 181.5 0.0333 89.12 9.92 9.8 7.9 27993. 84.59 85.63 1.00 5.19 &a3a1. 4908, -1.3 891.
B=717-022430 91.26 185.2 188.48 0.0335 90.26 9.91 7.5 6.1 21519. 83.69 86.02 1.29 5.91 4829, 4859. -0.6 781.
R=717-023430 92.50 189.2 188.1 0.0333 91.30 9.87 5.4 8.4 15575. B88.67 86.47 1.77 6.93 4795. 4821. -0.5 661.
R=T717-024A30 94.40 195.2 193.9 0.0335 92.95 9.87 3.9 3.2 11247. 848.82 87.27 2.43 8.35 4776. 8752. 0.5 586.
R-717-025430 89.50 179.7 179.2 0.0758 87.92 22.53 35.0 28.2 93847. 79.63 80.36 0.61 9.50 11015. 10669. 3.1 1108.
B~717-026A30 91.91 187.7 186.3 0.0755 90.08 22.36 23.0 18.5 62722. B81.21 82.21 0.91 10.20 10879. 10499. 3.5 1018.
B-717-027430 94.78 196.7 195.0 0.0760 92.82 22.43 9.7 7.8 26327. 80.18 82.86 2.28 13.482 10845. 10880. 0.0 772,
B-717-028A30 96.05 200.7 199.1 0.0752 94.07 22.18 7.6 6.1 20656. 80.01 82.86 2,82 14.61 10672. 10692. -0.2 698.
B-717-029430 99.47 211.2 210.1 0.0761 97.00 22.32 5.2 8.2 18295. 79.92 84.18 4.28 17.42 10677. 11039. -3.4 585.
B~717-030A30103.36 228.7 223.2 0.0762 100.52 22.23 3.8 3.1 10491, 79.91 85.52 5.60 20.64 10539. 10609. -0.7 488,
B-717-031A30 93.29 191.7 190.5 0.0988 91.58 29.20 35.0 28.2 94159. 80.15 81.07 0.80 12.68 14163. 13969. 1.4 1066.
B-717-032A30 95.33 197.7 196.8 0.0989 93.35 29.15 23.0 18.5 62628. 80.98 82.24 1.21  13.75 14075. 13919. 1.1 978.
B~717-033130100.16 213.7 212.% 0.1012 98.11 29.63 9.8 7.9 26867. 80.68 83.60 2.88 18.02 14153, 14086. 0.5 750.
R=717-034130102.56 221.7 220.5 0.1008 100.42 29.81 7.3 5.9 20124. 80.67 84.52 3.81 19.96 13970. 13876. 0.7 668.
B-717-035A30107.62 239.7 238.3 0.1013 105.13 29.35 4.8 3.9 13378. 80.60 86.38 5.76 28.13 13779. 137843, ~-0.0 585,
B-717-036A30 88.28 176.7 175.6 0.0632 86.80 18.81 35.5 28.6 95585. 80.36 80.99 0.51 7.60 9224, 8979. 2.6 1159.
E-717-037a30 90.15S 182.2 181.1t 0.0636 88.58 18.89 23.0 18.5 62783. B81.35 82,22 0.78 8.36 9.22. 9008. 2.3 1053.
R-717-038A30 92.483 189.2 187.9 0.0635 90.60 18.80 9.7 7.8 26431. 80.51 82.43 1.88 10.96 9137, 9131. 0.1 796.
E=T717-039A30 94.45 195.2 198.1 0.0632 92.50 18.66 7.3 5.9 20078. 80.92 83.43 2.87 12.27 9)26. 9027. -0.0 702.
R=717-040A30 96.63 202.2 200.9 0.0630 94.89 18.55 S.4 4.4 18884, 80.91 84.25 3.31 18.08 8931, 8931. 0.0 607.
B-717-041A30100.36 214.7 213.1 0.0635 98.06 18.58 3.9 3.1 10886. 81.33 85.90 4.55 16.75 8872. 8855. 0.2 506.
E-717-042A30 87.09 172.7 172.2 0.0436 85.82 13.00 35.0 28.2 96026. 81.97 82.83 0.38 4.89 6387. 5972. 6.5 1287,
R~717-043430 87.65 174.7 173.8 0.0430 86.83 12,81 23.0 18.5 63206. 82.04 82.64 0.51 5.31 6289. 5909. 6.0 t130.
E~717-084A30 89.75 180.7 179.9 0.0432 88.14 12.85 9.9 8.0 27328. 82.0%5 83.35 .27 7.05 6279. 6253. 0.8 851.
R-717-045A30 90.83 184.2 183.1 0.0432 89.18 12.82 7.8 6.0 20522, 82.01 83.71 1.66 7.97 6251, 6156. 1.5 789.
R=717-046A30 92.847 189.2 188.0 0.0831 90.86 12.76 5.3 8.3 14847. 81.98 88.29 2.29 9.33 6199. 6102. 1.6 635.
R=T717-047A30 95.28 197.7 196.6 0.0429 93.14 12.65 3.8 3.1 10655. 82.37 85.61 3.22 11.29 6109. 610a. 0.1 517.
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Table D.4. Experimental data for ammonia condensing on Tube A (60° for the horizontal)

Ty P Psat Fe Te m, F v Twj Tw AT AT Q Q A U

Run No. P (psia) (psia) (gpm) °F) (lbmfh) (gp‘rvn) (ftfs) Re CF (°.lg)m P P 1~Bluc/h) <B‘U7h) (%) h-(f?zl.l:’/ﬂ
R-717-001260 87.51 174.7 173.4 0.0281 86.38 7.17 35.0 28.2 99176. 84.70 85.02 0.20 2.65 3520. 3457. 1.8 1269.
R~-717-002A60 87.82 175.7 174.3 0.0238 86.64 7.07 23.0 18.5 65184. 84.69 85.07 0.29 2.94 3471, 3378. 2.8 1128,
R-717-003A60 89.18 179.7 178.2 0.0245 87.67 7.28 9.9 8.0 28199. 84.94 85.65 0.67 3.88 3564, 3328. 6.7 877.
R-717-004460 89.73 181.7 179.9 0.0287 88.16 7.33 7.6 6.1 21760. 84.93 85.87 0.90 4.33 3583. 3a81. 8.0 790.
R-717-005460 90.78 184.7 182.9 0.0239 89.148 7.10 5.4 4.8 15598. B85.0€ B86.34 1.26 5.09 3461, 3820. 1.2 650.
R-717-006A60 92.82 189.7 187.8 0.0282 90.51 7.17 3.8 3.1 10981. 85.30 87.11 1.78 6.21 34 85. 3396. 2.6 536.
R-717-007A60 93.07 190.7 189.8 0.0875 92.20 28.79 35.0 28.2 92507. 78.73 79.65 0.78 13.88 13970. 13672. 2.1 96 1.
R-717-008A60 94.95 197.2 195.6 0.0978 93.96 28.82 23.0 18.5 61386. 79.33 80.61 1.18  14.98 13928. 13551. 2.7 888.
E-717-009A60 99.25 210.7 209.8 0.0982 98.06 28.75 9.8 7.9 26876. 79.13 81.94 2.75 18.71 13760. 13529. 1.7 702.
R=717-010460101.71 218.7 217.6 0.0976 100.%3 28.46 7.3 5.8 196t11. 79.19 82.90 3.67 20.66 135487. 13289. 1.9 626.
R~717-011460106.51 235.7 2384.3 0.0962 104.95 27.86 8.7 3.8 12895. 79.43 84.97 5.89 24.31 13114, 12873. 1.8 515.
B-717-012A60 86.36 171.7 170.2 0.0617 86.16 18.39 35.0 28.2 913i1. 77.84 178.48 0.50 8.20 9052. 8678. 0.1 1058.
R-717-013A60 88.06 176.7 175.0 0.0626 87.67 18.62 23.0 1€.5 60691. 78.62 79.50 0.78 9.00 9131, 9008. 1.8 969.
B~717~-018A60 90.93 185.7 183.4 0.0626 90.24 18.55 9.8 7.9 26085. 78.41 80.28 1.81 11.59 9041. 8880. 1.8 785.
R=717-015460 92.20 188.7 187.2 0.0623 91.84 18.41 7.6 6.1 20222. 78.33 80.70 2.33 12.68 8949. 8873. 0.9 674.
R=717-016A60 95.01 197.2 195.8 0.0632 93.81 18.61 5.4 4.4 14560. 78.39 81.71 3.27 14.96 8991. 8899. 1.0 574.
R~717-017460 97.90 206.7 205.0 0.0623 96.56 18.27 3.8 3.1 10331. 78.13 82.68 3.50 17.49 8770. 8636. 1.5 879.
R-717-018A60 90.83 184.7 183.1 0.0842 90.01 28.98 35.0 28.2 92371. 78.67 79.47 0.67 11.76 12159. 11699. 3.8 987.
R-717-019A60 92.18 189.2 187.1 0.0847 91.38 25.03 23.0 18.5 60999. 78.9C 80.02 1.03 12.72 12171. 11807. 3.0 914,
R-717-020A60 96 .46 201.7 200.4 O0.0E49 95.20 28.96 9.8 7.9 26344, 79.15 81.62 2.481 16.08 12021, 11817. 1.7 714,
R-717-021A60 98.38 208.2 206.6 0.0888 97.14 24,86 7.6 6.1 20501. 79.26 82.39 3.10 17.56 11922. 11762. 1.3 649.
R-717-022460101.25 217.2 216.0 0.0850 99.86 24.81 5.4 4.4 14733. 78.84 83.16 8.28 20.25 11821. 11629. 1.6 558.
R-717-023160106.27 2385.7 233.4 0.0852 104.33 24.71 3.8 3.1 10628. 79.7C 85.70 5.95 23.57 11635. 11821. 1.8 871,
B~717-024260 88.06 176.2 175.0 0.0748 87.42 22.23 35.0 28.2 90900. 77.83 78.16 0.60 10.27 10906. 10459. 4.1 1015.
B-717-025460 89.21 179.7 178.3 0.0752 88.55 22.32 23.0 18.5 59917. 77.58 78.54 0.91 11.17 10920. 10830. 4&.5 933.
B-717-026A60 93.05 190.7 189.8 0.0750 92.01 22.17 9.8 7.9 25944. 77.80 80.02 2.17 14,18 10757. 10654. 1.0 727.
B-717-027A60 94.93 197.2 195.6 0.0749 93.86 22.08 7.6 6.2 20264. 77.95 80.77 2.78 15.57 10670. 10625. 0.8 654.
R~T717-028A60 98.01 207.2 205.4 0.0759 96.85 22.27 5.4 4.4 1w488. 77.95 81.89 3.89 18.09 10689. 10581. 1.8 564.
B-717-029A60101.58 217.7 217.0 0.0752 99.95 21.96 3.9 3.2 10607. 77.79 83.13 5.30 21.08 10455. 10450. 0.0 874,
B-717-030A60 86.65 172.2 171.0 0.0420 85.89 12.52 35.0 28.2 95345. 81.39 81.85 0.38 5.02 6162. 5867. 4.8 1171,
B~-717-031460 87.82 178.7 173.2 0.0820 86.61 12.52 23.0 18.5 62863. 81,60 82.18 0.50 5.53 6147. 5703. 7.2 1061.
R-717-032460 89.39 179.7 178.8 0.0417 88.29 12.39 9.8 7.9 26999. 81.51 82.78 1. 20 7.26 6060. 5877. 3.0 797.
R-717-033460 90.43 183.2 181.9 0.0424 89.36 12.57 7.5 6.0 20607. 81.51 83.13 1.59 8.10 6133, 5982, 3.1 7213.
R-717-034A60 92.01 188.7 186.6 0.0822 90.83 12.49 5.4 4.4 15041, 81.57 83.79 2.19 9.33 6078, 5968. 1.7 622,
R-717-035A60 94.58 196.7 194.3 0.0818 93.10 12.334 3.8 3.1 10700. 81.72 88.80 3.06 11.28 5969. 5870. 1.7 505.
R-717-036A60 88.68 177.7 176.8 0.0337 87.48 10.02 35.0 28.2 99134, 84.63 85.02 0.27 3.85 4309. 4680. 4.7 1217.
R-717-037460 89.32 179.7 178.7 0.0338 88.05 10.05 23.0 18.5 65356. 818.86 85.33 0.39 .22 4917. 8532. 7.8 1112,
B-717-038A60 90.72 18&.2 182.8 0.0337 89.18 9.99 9.8 7.9 28021. 984.6% 85.70 0.97 5.53 48 75. 4772. 2.1 [LEN
R-717-039460 91.94 187.7 186.4 0.0336 90.36 9.95 7.8 6.0 21305. 88.97 86.29 1.28 6.31 43 80. 8772, 1.8 733.
R-717-040A60 93.26 191.7 190.4 0.0333 91.74 9.85 5.8 4.4 15641. 85.03 86.82 1.77 7.33 4778. 8821. -0.9 623.
R-717-041460 95.21 198.2 196.8 0.0336 93.55 9.90 3.9 3.1 11236. 85.18 87.63 2.87 8.82 4782. 8798, ~0.3 518.
R-717-042460 87.50 178.7 173,84 0.0535 86.97 15.91 35.0 28.2 94531, 80.65 81.20 0.82 6.57 73 15. 7338, 6.2 1136.
R-717-043460 89.20 179.7 178.3 0.0536 88.38 15.93 23.0 18.5 63011. 81.73 82.43 0.62 7.11 7795. 7091. 9.0 1047.
B-717-084460 90.95 184.7 183.4 0.0%539 90.15 15.96 9.8 7.9 26822. 80.81 82.37 1.52 9.36 7781. 7479. 3.9 798.
R-717-085A60 92.08 188.2 186.8 0.0%536 91.10 15.86 7.6 €.1 20801. 80.80 82.78 1.95 10.29 1711, 7813. 3.9 716,
R-717-086A60 93.96 198.2 192.5 0.0533 92.78 15.72 5.4 8.4 18786. 80.67 83.41 2.72 11.92 76 18. 7320. 3.9 610.
R~-717-047460 96.55 202.2 200.7 0.0534 95.08 15.70 3.9 3.1 10781. 80.65 84.38 3.70 18.03 7562. 7195. 8.9 515.
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Table D.5. Experimental data for ammonia condensing on Tube E (vertical)

= v
T, P Pe Fe T, m F v Tain  Twout ATy AT Q Qw

Run No. CF) (psia)  (psia)  pm)  CF) (bl (gpm)  (R/9) Re R P ©CH  CH  (Buw/h  (Bu/h (% Jﬂﬂq
R-717-009E  75.72 183.2 182.3 0.0746 75.58 22.57 33.4 26.9 793849. 70.48 71.22 0.69 8.88 11351. 11599.-2.2 1448,
R-717-010E  77.63 188.2 147.0 0.0758 77.38 22.75 18.5 18.9 48154. 70.54 71.82 1.28  6.85 11402, 118491. -0.8 1101,
B-717-011E  79.36 152.7 151.8 0.0755 79.08 22.71 12.6 10.2 30186. 70.8% 72.28 1.8 8.00 11343. 11591, -2.2  88a.
B-717-012E  80.87 156.7 155.3 0.0760 80.82 22.83 9.8 7.9 23611. 70.33 72.67 2.33 9.37 11368. 11893, -1.1  756.
R-~717-013E  82.78 161.7 160.% 0.0762 82.22 22.83 7.7 6.2 18516, 70.25 73.23 2.98 11.08 11322. 11858 -1.2  639.
R-717-014E  86.50 171.7 170.6 0.0772 85.62 23.02 5.4 4.8 13185. 70.23 78.81 8.18 18.18 11327. 11363. -0.3 498,
R-717-01SE  89.53 181.2 179.3 0.0772 88.32 22.93 8.4 3.6 10846. 70.31 75.85 S5.18 16.65 11210. 11820. =1.9 819,
R-717-016E  91.51 186.7 185.1 0.0778 90.12 23.08 3.9 3.2 9611. 70.24 76.03 S5.79 18.37 11218. 11356. -1.2  380.
R=717-017E  80.51 155.2 1S8.% 0.1137 79.55 38.21 33.4 26.9 81571. 72.87 73.59 1.03  7.88 17082. 17196. -0.9  1420.
R-717-018E  85.64 168.7 168.2 0.1171 88.88 38.97 17.7 14.3 88561. 74.35 76.38 2.00 10.28 17280. 17683. -2.3  104S.
R-717-019E  87.27 173.2 172.8 0.1181 86.02 35.19 12.6 10.2 31846. 73.2€ 76.12 2.85 12.58 17288. 17896. -3.5  8S6.
R-717-020E  89.28 178.2 178.5 0.1131 87.58 33.68 9.8 7.9 248561. 72.85 76.80 3.55 184.66 16456. 17430. -5.9  699.
B-717-021E  91.82 185.7 186.1 0.1182 89.96 35.01 7.8 6.3 19517. 72.67 77.11 4.83 16.93 17037. 1725&. -1.3  627.
R-717-022E  96.92 201.7 201.9 0.1183 98.78 38.81 5.8 4.8 13759. 72.86 78.70 6.22 21.38 16787. 16926. -1.1 889,
R-717-023E 100.61 218.2 213.9 0.1201 98.17 35.15 8.6 3.7 11707. 72.86 79.95 7.89 28.81 16773. 17188. -2.5 828,
B-717-024E 103.58 220.7 224.0 0.1193 100.98 38.77 3.9 3.2 10067. 72.83 80.99 8.56 26.87 16478. 16789. -1.9 382,
B-717-025E  77.32 187.2 1686.2 0.0935 76.73 28.23 33.4 26.9 79854. 70.85 71.77 0.83 6.01 18156. 13819. 2.8  1867.
R-717-026E  81.30 157.2 156.% 0.0963 80.37 28.92 17.7 14.3 43138, 72.02 73.71 1.66 8.83 18385. 18658. -1.9  1063.
B-717-027E  83.02 161.7 161.0 0.0971 82.01 29.09 12.6 10.2 30616. 71.85 73.88 2.39 10.37 18422. 15005. -8.0  866.
B-717-028E  85.08 167.2 166.5 0.0986 83.90 29.87 9.8 7.9 24059. 71.55 78.53 2.97 12.00 18539. 1860S. -0.8  755.
B=-717-029E  87.44 178.2 173.2 0.0991 86.13 29.52 7.7 6.2 18897. 71.51 75.30 3.78 18.03 18496. 14521, -0.2  684.
B=717-030E  91.57 186.2 185.3 0.0996 89.88 29.53 5.4 8.4 13416. 70.99 76.28 5.28 17.98 18375. 14370. 0.0  899.
R-717-031E  97.57 208.7 203.9 0.1€08 95.25 29.63 3.9 3.2 9777. 70.80 78.09 7.30 23.12 1s23a. 18307. -0.5  38a.
R-717-032E  73.41 137.7 136.7 0.0%37 73.22 16.61 33.8 26.9 78511. 69.74 70.38 0.51 3.37 8394. 8529. -1.6  1553.
B~717-033E  75.00 181.7 180.5 0.0532 74.70 16.10 17.7 14.3 41849. 69.99 70.95 0.93 8.53 8109. 8225. -1.8 1116.
R-717-034E  76.24 184.7 143.5 0.0536 75.86 16.20 12.6 10.2 29842. 69.93 71.28 1.35 S.64 8138. 887S. -8.1  899.
R-=717-035E  77.27 147.2 186.1 0.0538 76.79 16.12 9.8 7.9 23361. 69.88 71.53 1.65 6.57 8083. 8121. -0.5  767.
B-717-036E  81.05 156.7 155.8 0.0530 80.03 15.92 5.4 4.4 13018. 69.78 72.69 2.90 9.82 7925. 7898. 0.3  503.
R=717-037E  83.07 162.2 161.1 0.053% 81.82 16.01 4.8 3.6 10646. 69.55 73.16 3.61 11.72 7936. 8027. -1.1 422,
B-717-038E  84.89 166.7 165.0 0.0535 83.22 16.00 3.9 3.2 9836. 69.60 73.65 4.04 12.87 7909. 7942, -0.4  383.
R-717-039E  73.42 138.2 136.7 0.0860 73.85 13.97 33.4 26.9 79050. 70.29 70.81 0.43 2.87 7057. 7177. -1.7 1533,
R=717-040E  78.61 181.2 139.6 0.0463 78.49 14.02 17.7 14.3 41588. 70.31 71.13 0.80 3.89 7065. 7089. 0.2 1131,
R=717-041E  75.81 143.7 142.5 0.0863 75.55 18.00 12.6 10.2 29993. 70.41 71.55 1.18 a.83 7038, 7171. -1.9 908,
B-717-042E  76.75 186.2 184.8 0.0863 76.52 13.98 10.0 8.1 23860. 70.43 71.88 1.85 5.59 7016. 7231. -3.1  781.
R-717-043E 78.78 150.7 1649.9 0.0861 78.37 13.88 6.5 5.2 15569. 70.26 72.80 2.13 7.45 6341. 6916. 0.8  580.
B-717-044E  80.39 158.7 158.0 0.0865 79.80 13.98 5.4 8.4 13114, 70.51 73.07 2.56 8.60 6967. 6983. -0.2  505.
R-717-045E 83.80 168.2 163.1 0.0867 82.67 13.98 3.8 3.1 9183. 70.39 74.08 3.69 11.56 6918. 7001. -1.2  373.
R=717-046E  73.29 137.2 136.4 0.0377 73.38 11.44 33.4 26.9 7987S. 70.73 71.17 0.36 2.38 S783.  5942. -2.7  1540.
R=717-047E  76.18 144.2 183.3 0.0382 76.00 11.56 9.8 7.9 23595. 70.86 72.08 1.16 4.69 5808. 5710. 1.7  772.
g-717-048E  78.24 189.2 148.5 0.0383 78.08 11.55 6.5 5.2 15677. 71.05 72.88 1.83 6.27 5780. 5944. -2.8  S574.
R~717-049E  81.78 158.7 157.6 0.0384 80.99 11.53 3.9 3.2 9527. 71.00 73.94 2.9% 9.27 5731. 5762. -0.5  385.
R-717-050E  79.71 153.7 152.3 0.0386 79.61 11.62 5.3 4.3 12838. 71.29 73.49 2.20 7.32 5800. 5812, -0.2  894.
R-717-051E  77.16 147.2 185.8 0.0311 77.16  9.80 33.4 26.9 84175. 75.27 75.62 0.28 1.71 &713. &4732. -0.8 1716.
R=-717-052E  78.39 150.2 148.9 0.0312 78.18 9.40 17.7 18.3 4u48ES. 75.64 76.21 0.57 2.47 4703. 5033. -7.0 1188.
R-717-053E  78.96 151.7 150.4 0.0310 78.68 9.32 9.5 7.7 28015. 78.77 75.78 1.01 3.69 4659. 4812. -3.3  787.
R=717-054E  79.84 158.2 152.6 0.0310 79.40 9.38 7.7 6.2 19429. 78.92 76.16 1.23 4.30 4660. 8780. -1.7  674.
R-717-055E  82.02 159.7 158.3 0.0308 81.22 9.25 5.1 4.1 12981. 75.30 77.13 1.83 5.80 4598.  8654. -1.3 493,
B-717-056E  82.69 161.7 160.1 0.0312 81.81 9.35 4.6 3.7 11862. 75.38 77.40 2.02 6.30 #4638. 4688. -1.1  uS8.
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Table D.5 (continued)

Ty P Psat Fe Te me Fu v Twi Tw AT AT Q A U

Run No. ©F) (psia)  (psia)  (gpm) CE (bgfh)  (epm) () Re B D e B (Buh Buh (B h_‘f?z',‘l’ﬂ
R-717-05TE  76.37 144.7 183.9 0.0237 75.96 7.16 33.8 26.9 83732. 74.89 75.18 0.22 1.33 3596. 3716. -3.3 1684,
R-717-058E 76.82 145.7 145.0 0.0235 76.37 7.11 17.7 14.3 68303. 74.7C 75.13 0-.82 1.90 3569. 3709. -3.9 1169,
R-717-059E 78.22 1a9.2 188.5 0.0231 77.63 6.97 9.5 7.7 23937. 75.04 175.82 0.77 2.79 3490. 3645. -a.8  778.
B-717-060E 79.88 153.7 152.7 0.0231 78.98 6.95 5.4 4.4 13682. 74.95 76.31 1.35 8.25 3466. 3638. -8.9  S08.
g-717-061E 80.85 156.2 155.2 0.0233 79.78 6.99 &.7 3.8 11863. 75.29 76.83 1.58 8.79 3482. 3579. -2.8  4853.
R-717-062F 81.82 158.7 157.8 0.0232 80.60 6.97 3.9 3.2 10014, 75.39 77.21 1.82 5.52 3464. 3578. -3.2  391.
R=717-063E 77.87 147.7 146.6 0.0380 76.76 11.87 33.4 26.9 83999, 75.07 75.50 0.36 2.19 5751. 5999. -4.3  1636.
R-717-064E 79.87 153.7 152.7 0.0379 80.18 11.80 9.9 8.0 25080. 78.86 76.05 1.19 4.41 5689. 5917. -8.0  B803.
R-717-065E  82.24 159.7 158.9 0.0379 81.01 11.38 6.6 5.3 16756. 75.89 77.25 1.75 5.87 Sb649. 5789. -1.8  599.
R-717-066E 83.26 162.7 161.7 0.0379 82.09 11.37 5.8 4.8 13923. 75.46 77.58 2.08 6.76 5b635. 5661. -0.5  519.
§-717-067E 83.27 165.7 16a.a 0.0380 82.97 11.39 4.6 3.7 11877. 75.24 77.72 2.47 7.78 5629. 5737. -1.9  451.
B-717-068E 85.64 169.2 168.2 0.0382 84.03 11.42 3,9 3.2 10079. 75.36 78.25 2.89 8.84 5632. 5668%. -0.6  397.
R=717-069E 78.43 189.7 149.0 0.0670 77.91 20.19 33.8 26.9 82834. 73.85 748.56 0.64 4.22 10108. 10681. -5.7  1490.
B-717-070E 81.58 158.2 157.1 0.0667 80.70 20.02 12.6 10.2 31435, 73.83 75.50 1.66 6.88 9953. 10454. -5.0  901.
R-717-071E  83.75 163.7 163.0 0.0669 82.66 20.03 10.0 8.1 25361. 74.92 76.9% 2.02 7.82 9915. 10078. -1.6  790.
R-717-072E 87.92 175.7 174.6 0.0670 86.36 19.96 S.a  &.u 13882, 74.28 7T7.85 3.61 11.87 9792. 9818. -0.3  S1a.
R-717-073E 90.15 182.2 181.1 0.0672 88.26 19.97 &%.6 3.7 11895. 74.37 78.73 8.26 13.55 9750. 9887. -1.a  448.
R-717-074E 92.34 188.7 187.6 0.0677 90.22 20.0a8 3.9 3.2 10073. 74.26 79.25 4.99 15.59 9741. 9776. =0.% 389,
2-717-07SE  82.29 159.7 159.1 0.0885 81.26 26.55 33.4 26.9 85678, 76.37 77.27 0.83 5.48 13180. 13897. -5.8  1500.
R-717-076E 86.40 170.7 170.3 0.0€77 88.97 26.17 12.6 10.2 32562, 76.3% 78.67 2.11 8.99 12881. 13295. -3.2  892.
B-717-077E 87.88 175.2 174.5 0.0879 86.28 26,19 10.0 8.1 25904. 76.29 78.89 2.60 10.29 12851. 12986, ~1.1 778.
R-717-078E 91.77 186.7 185.9 0.0u91 89.89 26.80 6.4 5.2 16668. 75.86 79.92 4.05 13.88 12845. 12968. -1.0  ST7.
R-717-079€ 93.61 191.7 191.5 0.089% 91.56 26.88 5.4 4.3 14188, 75.37 80.15 4.78 15.85 12815. 12991. -1.8  504.
E-717-080E 95.85 198.7 198.4 0.089% 93.64 26.35 4.6 3.7 11985, 75.28 80.85 5.60 17.80 12706. 12861. -1.2 445,
B-717-081E 98.65 207.7 207.% 0.0897 96.10 26.35 3.9 3.1 10122. 75.05 81.65 6.60 20.29 12631. 12783. -0.9  388.
R-717-082E 78.81 150.2 150.0 0.0668 77.79 20.13 33.4 26.9 83517. 78.50 75.17 0.60 3.97 10062. 9964. 1.0  1580.
R-717-083E 82.88 160.2 159.6 0.0672 81.38 20.17 12.6 10.2 31853, 78.86 76.51 1.65 6.80 10007. 10372. -3.6 918,
R-717-088E 83.88 163.7 163.2 0.0673 82.56 20.16 9.8 7.9 25027. 75.07 77.08 2.01 7.76 9375. 9897. 0.8 801,
R-717-085E B88.40 176.7 176.0 0.0676 B86.65 20.12 5.5 4.4 14147. 76.98 78.53 3.55 11.68 9663. 9765. 1.0  528.
B-717-086E 92.09 187.2 186.9 0.0679 89.90 20.11 8.0 3.2 10299. 74.70 79.52 4.82 146.98 9779. 9623. 1.6  407.
B-717-087E 83.38 161.2 162.0 0.1002 82.18 30.03 33.8 26.9 B85465. 76.18 77.12 0.91 6.76 14373. 15163, -2.0 1371.
E-717-088E 88.38 175.2 175.9 0.1015 86.83 30.21 12.6 10.2 3259%. 76.24 78.72 2.87 10.90 14807. 15558. -5.1  846.
E-717-089E  90.09 180.2 180.9 0.1015 A8.47 30.18 10.0 8.1 25972, 76.29 79.31 3.02 12.29 14717. 15077. -2.8  746.
R-717-0908 94.98 195.2 195.6 0.1023 93.10 30.18 6.5 5.2 17127. 76.68 B81.248 4.59 16.00 14587. 18888. -2.1 568.
R-717-091E  97.70 203.7 204.3 0.1032 95.80 30.31 5.4 4.4 14338. 76.82 82.29 5.87 18.15 14560. 18731. -1.2  500.
B-717-092E 100.10 213.2 212.2 0.1036 98.05 30.38 8.7 3.8 12632. 77.07 B83.30 6.22 19.92 13495. 18658. =-1.1 853,
R-T717-093E 103.49 223.7 223.7 0.1C%¥3 101.25 30.39 3.9 3.2 10606. 77.17 88.56 7.39 22.63 14406. 19891. 0.6 397.
B=717-098E 79.61 152.7 152.0 0.0628 79.79 18.76 33.4 26.9 B84706. 75.6C 76.26 0.58 3.67 9363. 9788. -4.1  1588.
F-717-0958 82.86 161.2 160.6 0.0623 82.70 18.67 12.6 10.2 32253. 75.91 77.40 1.49 6.20 9257. 93a1. -0.9  930.
E-717-096E 83.38 165.7 164.7 0.0623 83.15 18,63 9.8 7.9 25399, 76.29 78.18 1.89 7.15 9209. 9273. -0.7  803.
B-717-097E B88.69 178.2 176.8 0.0626 88.09 18.59 S.4 4.4 18037. 76.18 79.55 3.36 10.82 9108. 9055. 0.6  52A.
§-717-098E 90.79 1843.2 183.0 0.0626 B89.98 18.58 4.7 3.8 12221. 76.63 80.50 3.87 12.22 9083. 8997. 0.5  861.
R=-717-099E  92.91 190.7 189.3 0.0626 91.84 18.89 3.9 3.2 10375. 76.82 81.37 4.55 13.81 8977. 8923. 0.6  80S.
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Table D.5 (continued)

- U
Ty P Psat Fe T me Re Tw.in Tw.out ATy, aT Qc Q (Btu/

Run No c Fw v w A
: (°F) (psia) (psia) (gpm) (23] (Ibm/h) (gpm) (ftfs) k) °F) °F) °F) (Btu/h) (Btu/h) (%) heft3-e )

86634. 77.19 78.20 0.9 T7.25 15305. 15647. -2.2 1316.
33004. 77.19 79.75 2.55 11.35 15144, 16029. -5.8 831,
26347. 77.37 80.50 3.13 12.85 15192. 15635. -2.9 736.
20308. 76.70 80.71 8,00 15.18 15157. 15441. -1.9 624.
14845, 76.56 82.23 5.65 18.99 1a8957. 15351, -2.6 8391,
12389. 76.57 83.08 6.50 20.87 14881. 15086. —1.8 a54.
10598. 76.91 84.68 7.77 23.89 18966. 15244, -1.9 390.

B-717-100E 88.94 168.7 166.2 0.1037 83.87 31.00 33.4 26.
R=717-101E 89.82 179.2 180.1 0.1068 88.56 30.99 12.6 10.
R=-717-102E 91.79 185.2 186.0 0.105% 90.as8 31.22 10.0 8.
B=717-103E 93.84 191.7 192.2 0.1C60 92.51 31.29 7.7 6.
R=-717-104E 98.80 207.2 206.6 0.1C63 96.85 31.19 S.4 4.
BE=717-105E 100.69 218.2 214.2 0.1067 99.05 31.19 8.6 3.
R-717-106E 108.69 227.2 227.8 0.1C89 102.87 31.66 3.9 J.

N 8N B
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Table D.6. Experimental data for ammonia condensing on Tube H (vertical)

: Ty Psar Fe Te m v Twin  Tw aT AT Q A v

Run No. ©F) (psia)  (gpm) CE  (byfh) (tfs) Re CF) EB O eh CR (Buh (Bulh ) nff?:‘ff,/F)
8-717-001H 85.71 168.8 0.0387 85.28 11.5% 3 23.7 91994, 83.50 83.90 0.33 2.01 5688. 5615. 1.3  1607.
R=717-002H  87.05 172.1 0.0387 86.41 11.53 1 11.9 46622. 83.99 83.68 0.69 2.71 5669. 5921. ~8.4  1188.
R-717-003H  88.01 178.9 0.0390 87.23 11.60 6.9 26888. 83.85 85.02 1.18 3.58 5692. S5818. -2.2 904.
R-717-004H  89.52 179.2 0.0388 88.29 11.53 3.9 15196. 83.81 85.87 2.08 4.68 5636. 5763. -2.2  688.
R-717-005H  90.12 181.0 0.0389 89.00 11.53 3.3 12868. B83.79 86.28 2.48 S.11 S5631. 5797. -2.9 626.
R-717-0064  90.64 182.5 0.0388 89.29 11.51 2.8 10988. 83.65 86.50 2.88 5.56 S6516. 5728. ~-2.0 574,
R-717-0078  86.75 171.3 0.0773 86.29 23.02 23.7 90626. 82.09 82.85 0.69 4.28 11323, 11721. -3.5  1503.
R-717-008K 88.32 175.7 0.0776 87.92 23.06 12.1 46480. 81.97 83.33 1.38 5.67 11305. 11676. -3.3 1133,
R-717-009H  90.83 183.1 0.0777 90.12 23.03 7.0 27002. 82.38 88.68 2.30 7.30 11228. 11899. -2.4 871,
R-717-0108 94,80 195.1 0.0790 93.90 23.27 3.8 15230. 83.10 87.26 4.20 9.62 11249. 11590. ~3.0  668.
B-717-0118  96.05 199.1 0.0791 95.04 23.26 3.3 12958. 83.18 88.06 4.92 10.83 11211. 11892. ~2.5  611.
R-717-012H  97.05 202.3 0.0789 96.02 23,17 2.8 11081. 82.95 88.61 S5.69 11.28 11148. 11290. -1.3  562.
R-717-013H  89.09 178.0 0.1255 88.85 37.26 3 23.2 88103. 81.28 82.45 1.10 7.23 18237. 18258. -0.1  1a33.
B-717-0148  90.93 183.4 0.1253 90.49 37.11 7 12.3 u6722. 80.63 82.73 2.10 9.25 18090. 18535. -2.5 1111.
R-717-015H 94,88 195.4 0.1271 98,22 37.842 8 6.9 26372. B80.96 88.71 3.76 12.05 18085. 18882, ~-2.2 853.
B-717-0161 100.59 213.8 0.1290 99.60 37.67 5 3.9 15261 81.78 88.35 6.65 15.55 17973. 18421, -2.5  657.
B-717-017H 102.82 221,08 0.1311 101.61 38.17 7 3.3 13012, 82.07 89.87 7.8% 16.85 18119. 18318, ~1.1 611.
R-717-0184  86.87 171.6 0.0312 85.86 9.32 34.0 23.7 93796. 85.15 85.88 0.26 1.55 4581. 4861. 2.6 1675.
R-717-0198  88.18 175.4 0.0313 86.67 9.31 17.7 12.3 89168. 85.75 86.31 0.55 2.15 4567. 8#840. -6.0 1207.
B-717-0200 89.13 178.1 0.0311 87.55 9.26 9.9 6.9 27725. 85.82 86.75 0.93 2.85 4531. 4614. ~1.8 902,
R-717-021H  90.15 181.1 0.0311 88.88 9.24 5.5 3.9 15896. B85.68 87.29 1.69 3.69 8510. 4672. ~3.6 694,
B-717-0228 90.70 182.7 0.0310 89.14 9.20 8.7 3.3 13106. 85.75 87.66 1.95 4.00 4486. 4550. -1.4 638.
R-717-023H 91.34 189.6 0.0307 89.78 9.11 3.9 2.7 10952. 85.81 88,07 2.28 4.40 4437. 8839. ~0.0 573.
R-717-028H  88.10 175.1 0.0570 87.2% 16.96 0 23.7 93518. 88.78 85.35 0.50 3.04 8319. 8532, -2.6  1556.
B-717-025H 89.39 178.9 0.0577 88.37 17.1a 8 12.8 50810. 84.92 85.87 0.9% 4.00 8381. 8638, -3.1 1192.
R-717-026H 91.86 186.1 0.0578 90.60 17.12 8 6.9 27520. 85.67 87.36 1.70 S.38 8330. 8350, -0.2 886.
§-717-0274 93.94 192.5 0.0579 92.53 17.10 4 3.8 15306. B85.42 88.89 3.11 6.99 8282. 8837. ~1.9 673.
B-717-0286  94.81 195.2 0.0580 93.37 17.09 7 3.3 13255. 85.58 89.08 3.58 7.51 8262. 8390. -1.6 625.
B-717-029H  95.90 198.6 0.0585 94.33 17.23 9 2.7 11127. 85.58 89.78 4.23 B8.26 8307. 8272. 0.4 571,
R-717-0308 87.75 178.1 0.0676 67.03 20.12 38.0 23.7 92364. 83.71 84.36 0.58 3.72 9876. 9906. -0.3  1509.
B-717-031H  89.25 178.8 0.0682 88.37 20.26 17.7 12.3 4828%. 83.81 88.95 1.18 4.87 9912. 10067. -1.6 1156.
B-717-0328 91.61 185.4 0.0687 90.61 20.33 9 6.9 27310. B88.22 86.24 2.02 6.38 9894. 9982. -0.9  881.
R-717-033H  98.62 193.6 0.0686 93.80 20.23 4 3.8 15187. 88.89 88.10 3.66 8.32 9783. 9930. -1.5  668.
R-717-038H  95.32 196.8 0.0686 98,13 20.21 7 3.3 13077. 88.25 88.88 4.23 8.97 9758. 9891. -1.4  618.
8-717-0358  96.55 200.7 0.0689 95.20 20.27 9 2.7 11005. 88.22 89.19 4.99 9.84 9760. 976%. =0.0 563,
R-717-036H  86.38 170.2 0.0870 85.72 18.00 34.0 23.7 921840. 83.60 88,07 0.80 2.55 6891. 6802. 1.3  1536.
R-717-037R  87.48 173.8 0.0872 86.75 19.06 18.5 12.9 S50329. 83.76 84.584 0.77 3.33 6908. 7125. -3.2  1179.
R-717-038H  89.8% 179.0 0.0475 88.61 1a.10 9.8 6.9 27069. 84.29 85.70 1.481 4.46 6896. 6939. -0.6 878.
R-717-0398  91.21 188.2 0.0878 90.30 14.03 5.4 3.8 18910. B84.11 86.66 2.59 5.82 6835. 6983. 2.2 667.
R-717-080H  91.69 185.7 0.0472 90.77 13.98 4.7 3.3 12934. 84.00 86.93 2.97 6.23 6803. 6932, -1.9  621.
R-717-081H  92.85 189.2 0.0878 91.82 14.13 3.9 2.7 10927. 84.28 87.71 3.49 6.88 6860. 6851. 0.1 566.
BE-717-082H  86.02 169.2 0.0899 85.78 26.79 34.0 23.7 88836. 80.82 81.28 0.79 5.17 13197. 13389. -1.2  1451.
B-717-083H  87.89 174.5 0.0905 87.88 26.91 17.7 12.3 #6820. 80.37 81.93 1.55 6.78 13205. 1371a. -3.9 1113
B-717-084d  90.85 183.1 0.0912 90.26 27.03 9.8 6.9 26123. 80.70 83.82 2.72 8.79 13178. 13386. —-1.6 852,
R-717-045H  98.85 195.3 0.0918 93.97 27.08 5.8 3.8 18707. 81.05 85.91 5.91 11.37 13369. 13339, -2.1 653.
R=717-046H  95.96 198.8 0.0922 94,97 27.13 4.7 3.3 12664. B80.88 86.54 S.70 12.28 13082. 13313, -1.8  607.
R-717-0878  97.17 202.6 0.0917 96.11 26.93 3.9 2.7 10651. 80.51 87.17 6.68 13.33 12988. 13091, -1.1 552,
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Table D.6 (continued)

Ty P Psat Fe Te m Fuw v Tw.in Tw.out ATy, AT Q "

Run No. C©F) (psia) (psia) (gpm) °F) (|bm7h) (gpm)  (ft]s) Re °F) °F) °F) (°F) (Blu?h) (Bgrh) (%) n('?;lilp)
B-717~-048H 88.73 165.7 165.7 0.0239 83.85 7.13 36,0 23.7 91583, 863.19 83.48 0.22 1.80 3523, 3681. -8.5 1433,
B=717-0849H 85.37 168.2 167.4 0.0280 84,52 7.18 17.7 12.3 47879. 83.46 83.90 0. 43 1.69 35482, 36824. ~-8.0 1194,
B-717-050R 86.43 171.2 170.4 0.0238 85.53 7.10 9.8 6.9 26819, 83.86 B84.59 0.73 2.20 3495. 3587. -2.6 901.
B=-717-051H 87.15 173.2 172.4 0.0235 86.09 7.01 S.4 3.8 14836. 83.56 84.85 1.33 2.95 3447, 3630. -5.3 665,
B-T717-052H 87.42 173.7 173.2 0.02)1 86.31 6.89 4.6 3.2 12526. 83.46 85.00 1.57 3.19 3isa. 3610. -6.7 602.
B-T717-053H 87.85 175.2 174.8 0.0236 86.80 7.02 3.9 2.7 10717. 83.a6 85.28 1.79 3.50 3gas. 3519, ~2.2 560.
R=-717-054H 86.50 171.2 170.6 0.1017 86.16 30.30 364.0 23.7 88549. 80.11 81.07 0.90 5.91 14909. 15198. -1.9 1433,
R=-717-055H 88.46 176.7 176.1 0.1019 87.96 30.29 17.7 12.3 486273. 80.03 81.76 1.72 7.56 14863, 15224, -2.6 1115,
R~-717-056H 91.82 187.2 186.1 0.1030 91,22 30.46 9.8 6.9 26075. 80.37 83.45 3.08 9.91 14821. 15160. -2.3 849,
R-717-057H 96.10 200.2 199.2 0.1032 95.23 30.33 5.4 3.8 14690. 80.66 B86.12 5.89 12,71 14521, 14981, -2.2 653.
R-717-058H 97.76 205.2 208.5 0.1080 96.71 30.50 4.7 3.3 12742. 80.89 87.20 6.38 13.71 148588. 18841, -1.3 607.
B=-717-059H 99.90 212.7 211.5 0.1047 98.77 30.63 3.9 2.7 10789. 81.16 88.66 7.51 14.99 14639. 18734, -0.7 555.
R-717~-060H 88.43 166.2 164.8 0.0288 83.68 8.61 34.0 23.7 91176. 82.81 83.12 0.28 1.47 4254, 9088. 3.9 1647,
R=717-061H 85.11 167.7 166.7 0.0288 84,06 8.61 17.7 12.3 4&7582. 82.92 83.42 0.89 1.9% 4251. 4362. -2.6 12484,
B-717-062H 85.90 169.7 168.9 0.0281 84.91 8.40 9.8 6.9 26522, 82.87 83.7s 0.88 2. 60 8139, 4305. ~-4.0 904.
R-717~-063H 87.56 178.2 173.6 0.0287 86.22 8.56 5.5 3.8 15002. 63.30 84.84 1.58 3.489 4203, 84354. -3.6 685.
R-717-064H 88.09 176.2 175.1 0.0286 B86.85 8.53 8.7 3.3 12792. 83.46 85.27 1.88 3.72 4182, 8315. -3.2 638.
R~-717-065H 88.72 178.2 176.9 0.0286 87.32 8.51 3.9 2.7 10750. 83.54 85.67 2,14 4.1 4166. 4208, -0.9 576.
R-717-066H 86.90 172.7 171.7 0.1068¢ 86.50 31.68 34.0 23.7 88703. 80.23 81.22 0.92 6.17 15578. 15690. -0.7 1434,
R~717-067H 88.61 177.2 176.6 0.1C71 88.07 31.82 18.0 12.5 486935. 79.79 81.58 1.78 7.93 15591. 15958, -2.4 117.
BR~-717-068H 92.62 189.7 188.8 0.1C76 91.85 131.80 9.8 6.9 26194, 80.68 83.89 3.22 10.33 154468, 15809. -2.8 849,
R=-717-069H 97.17 203.7 202.6 0.1080 96.19 31.7 5.4 3.8 14788. 81.10 86.78 5.72 13.23 15248. 15553. -2.0 655.
R-717-070H 98.59 208.7 207.2 0.1€88 98.55 31.82 4.7 3.3 12883. 81.10 87.65 6.59 18,22 15252. 154883. -1.5 610.
R-717-071H 101.17 216.7 215.8 0.1090 100.00 31.83 3.9 2.7 10865. 81.57 89.43 7.88 15.67 15167. 15848, -1.9 550.
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Table D.7. Experimental data for ammonia condensing on Tube H (vertical, no rod on water side)

— U
Ty Psat Fe Tc m, F v Twin  Twom AT arT Q Qw

Run No. CF) (psia) (spm) CF) bgfh)  (gpm) (s Re CH 1 ) ©F) CF) (Btu/h) (Btu/h) h,(f?z','f,/,:)
R-717-001HN 83.75 163.0 0.0493 82.91 14.76 33.3 16.2 134382. 80.52 80.99 0.48 3.00 73048, 72717 1385.
R-717-002HN 84.10 163.9 0.04891 83.13 18,68 17.7 8.6 70897. 79.73 80.58 0.79 3.95 7462, 6950. 1046.
R-717-003RAF 84.39 164.7 0.0495 83.42 14,80 13.3 €.5 53083. 79.3¢ 80.88 1. 10 8.52 7318, 7305. 919.
R-717-004HN 85.77 168.5 0.0891 84.58 18.67 8.3 8.1 33826, 79.43 81.17 1.7 5.47 7229. 7111, 751.
R-717-005HN 88.27 175.6 0.0392 B86.68 18.65 8.9 2.4 19967. 79.82 82.35 2.91 7.39 7188, 7162, 553.
B-717-006HN 88.84 177.3 0.0897 87.20 14.78 8.6 2.3 18840. 79.49 B82.66 3.14 7.77 7238, 7282. 529.
R-717-007dN 87.00 172.0 0.1173 86.32 34.96 33.3 16.2 131663. 78.57 79.66 1.05 7-89 17184. 17477, 1238.
R-717-008HN 89.68 179.7 0.1181 89.07 35.08 17.7 8.6 70312. 78.48 80.50 1.98 10.19 17127. 17511\ 955.
B8-717-009HN 91.74 185.8 0.1178 90.80 348.87 13.3 6.5 53833, 79.05 B1.75 2.67 11.38 16968. 17696. 850.
R-717-010HR 95.05 195.9 0.1176 93.90 38.65 8.3 4.0 33613. 79.22 83.45 8.20 13.71 16782. 17316. 694.
R-717-01148 100,10 212.2 0.1188 98.71 38.68 5.1 2.5 21013. 79.04 B85.86 6.79 17.65 16586. 17276. 532.
B-717-012HN 101.77 217.8 0.1189 100.20 38.69 4.5 2.2 18815. 78.90 86.59 7.66 19.03 16510. 17379. 493,
R-717-013HF 83.41 162.1 0.0289 82,09 7.46 34.0 16.6 139231, 81.82 82.08 0.22 1.47 3693. 3817. -3.3 1430.
R-717-01488 B83.74 163.0 0.0252 82.30 7.58 17.7 8.6 72325. 81.548 82.00 0.482 1.97 3731, 3718. 0.4 1075.
R~717-015HN 83.95 163.5 0.0252 82.46 7.58 13.3 6.5 S4302., 81.81 82.00 0.55 2.24 3729. 3623. 2.8 944,
R-717-016H8 83.87 166.0 0.0258 83.15 7.59 8.2 4.0 33441, B81.53 82.89 0.93 2.86 3747. 3786. -1.0 T44.
B-717-01780 86.21 169.8 0.0253 84.28 7.55 5.1 2.5 210248. 81.75 83.23 1.45 3.72 37 16. 3689. 0.7 568.
B-717-018HN 86.72 171.2 0.0252 84.50 7.52 8,6 2.2 19072. 81.96 B3.60 1.61 3.9% 3597. 3701. -0.1 533.
R=-717~019HN 85.53 167.9 0.0669 88.72 19.98 17.7 €.6 70837. 79.53 80.65 1.08 5.44 9551. 9537. 3.2 1029.
R-717-02080 B86.54 170.7 0.0668 85.72 19.91 13.3 6.5 53439. 79.67 B81.15 1.4a3 6. 18 9795. 9515. 2.9 907.
R-717-021H8 88.43 176.1 0.0668 87.487 19.86 8.3 4.1 33674. 79.72 82.08 2.33 7.53 9732. 9679. 0.5 734,
R-717-022HN 91.16 188.1 0.0665 89.81 19.72 5.1 2.5 20764. 79.58 83,37 3.76 9.69 96 09. 9557. 0.5 564,
B-717-023HF 92.16 187.1 0.0666 90.65 19.72 4.6 2.3 18910. 79.60 83.86 84.23 10.483 9590. 9762. -1.8 523.
R-717-024HN 85.43 167.6 0.0670 83.89 20.04 33.3 16.2 133485. 79.92 80.52 0.57 5.21 9886. 9469. 8.2 1078.
R-717-025H8 86.22 169.8 0.0303 84.66 9.03 33.3 16.2 t80606. 85.32 84.61 0. 26 1.76 4449, 8802. 1.0 1440,
R~717-026HN B86.91 171.7 0.0302 85.10 9.0t 17.7 8.6 748448. 84.33 84.84 0.48 2.33 84 32. 4212. 5.0 1082.
R=-717-027HN 87.36 173.0 0.0303 85.54 9.08 13.3 6.5 56326. 84.38 85.05 0.65 2.65 44 39. 4300. 3.1 952.
R-717-028HN 88.480 176.0 0.0306 86.82 9.12 8.3 4.1 35435. B84.58 85.63 1.05 3.31 44872, 4376, 2.1 767.
B-717-029HN 89.72 179.8 0.0304 87.57 9.05 5.1 2.5 21765. B84.47 86.28 1.73 4.37 44 25. 4309. 0.3 575.
B~717-030HN 90.18 181.0 0.0306 87.99 9.09 8.6 2.3 19876. B88.51 B6.46 1.91 48,65 8439. 4433. 0.1 542,
R-717-031HN 86.46 170.5 0.0839 85.76 25.00 34.0 16.6 137876, 80.78 81.52 0.71 5.31 12308. 12128. t.4 1318,
R-717-032HN 88.17 175.3 0.0835 87.13 28.8% 17.7 8.6 71930. 80.63 82.02 1.37 6.8 12181, 12080. 0.8 1012.
B~717-033HN 89.85 179.0 0.0843 88.39 25.08 13.3 6.5 58270. 80.73 82.58 1.82 7.80 122188, 12109. 1.1 892,
B-717-038HN 91,78 185.8 0.0882 90.82 28,94 8.4 4.1 34700. 80.79 83.75 2.93 9.87 12138. 12333, -1.6 728.
B-717-035H8 95.70 198.0 0.0883 94,08 248.84 5.1 2.5 21249, 80.95 85.78 4.81 12.33 11982. 12236, -2.1 552.
B-717-036HN 96.60 200.8 0.0836 94.81 24.89 8.6 2.3 19426. 80.96 86.21 5.22 13.02 11388, 12105. -1.0 523.
R-717-037HN 86.05 169.3 0.0999 85.25 29.82 33.3 16.2 132295. 79.02 79.97 0.92 6.55 13688. 15267. ~3.9 1275.
R=-717-038HN 88.28 175.5 0.1011 87.25 30.07 17.7 8.6 70889. 78.83 80.56 1.70 8.55 18741, 14985, -1.7 980.
R-717-039H8 89.53 179.3 0.1011 88.59 30.01 13.3 6.5 53095. 78.73 81.08 2,27 9.65 14672. 15075. -2.7 864,
R=-717~-080HN 92.51 188.1 0.1019 91.32 30.18 8.8 4.1 38131, 79.02 82.64 3.57 11.68 14681. 15054, 712,
R-717-041HN 97.78 208.6 0.1036 96.27 30.42 5.0 2.& 20377. 79.15 85.27 6.09 15.57 14509, 15067. 533.
B-717-082HN 98.86 208.1 0.1051 97.17 30.82 4.6 2.3 19168, 79.16 85.81 6.62 16.38 18763. 15364, 512,
B-717-043HN 87.15 172.4 0.0676 86.33 20.13 33.3 16.2 138113. B82.68 83.30 0.59 8.16 9894 . 9802. 1350.
B-717-0840HN 88.58 176.5 0.0675 87.52 20.09 17.7 8.6 73553. 82.58 83.71 1.09 5.43 98461, 9669. 1029.
B-717-045HN 89.44 179.0 0.0676 88.36 20.09 13.3 6.5 55376. B82.57 84.08 1.43 6.13 98 25. 9488. 910.
R-717-086HN 91.69 185.7 0.0675 90.36 20.00 8.3 4.1 35033. 82.95 85.32 2.38 7.56 9735, 9712, 732.
B-717-047HN 94.69 194.8 0.0680 93.02 20.06 5.2 2.5 21995. 83.03 86.84 3.78 9.75 9701. 9771. 565.
R-717-048HF 95.63 197.7 0.0681 93.95 20.06 8.6 2.3 19806. 83.07 87.32 8.22 10.43 956 80. 9785. 527.
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Table D.7 (continued)

R U

Ty P Psat Fe Te m, F v Tw,in Tw.out AT,, art Q¢ Qw a Bi
Run No. (°F) (psia) (psia) (gpm) C°F) (lbmih) (gp‘:n) (s Re CEH C©F) CF) (°F) (Btu/h) (Btu/h) (%) h'(flzl-‘:/F)
B-717-089HN 84.41 165.7 164.8 0.0176 81.90 5.28 38.0 16.6 141702. 83.30 83.48 0. 15 1.02 26 10. 2493, 1455.

R=-717-050H¥ 88.98 167.2 166.2 0.0180 82.96 5.80 17.7 8.
B-717-0S164 85.25 168.2 167.1 0.0183 83.30 5.6 13.3
R-717-052HN 85.77 169.2 168.5 0.0177 83.56 5.30 8.3
R-717-053HN 86.35 171.2 170.2 0.0182 88.02 S5.43 S.1
R-717-054H¥ 86.50 171.7 170.6 0.0181 84.13 5.41 8.5

8.5
73885. 83.35 83.68 0.30 1.82 2667. 2631. 1.3 1064,
56569. 83.37 83.82 0.82 1.66 2695. 2800. -3.9 922.
34740. 83.39 84.08 0. 66 2.03 26 14, 2725. -48.2 731,
21316. 83.07 84.18 1.08 2.73 2672. 2753. -3.0 556.
18662. 82.91 88.15 t.22 2.97 2664, 2712. -1.8 509.

[SENE _X-
[SHC. NN N
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Table D.8. Experimental data for ammonia condensing on Tube H* (vertical)

— u

Run No. ;l'\, P Psar Fe Te m Fuw v Re Twin  Tw.out aTy, AT Q¢ Qw 4 (Btu/
°F) (psia) (psia) (gpm) °F) (by/h)  (gpm)  (ft/s) (°F) °F) °F) (°F) (Btu/h) (Bw/h) (D) PRTERY N

BR=717-001H* 87.20 173.7 172.5 0.1032 86.25 30.74 35.3 24.6 92618. 80.69 81.68 0.89 6.01 15106. 15783, -4.2 1554.
R-717-002H* 88.28 176.7 175.6 0.1038 87.29 30.75 21.0 18.6 55150. 80.51 82.01 1.88 7.01 15375. 15087. -0.1 1329,
R-717-0034* 92.60 189.7 188.% 0.1039 91.2% 30.73 9.8 6.9 26870. 81.61 84.67 3.08 9.46 18929. 18938. -0.0 976.
R-717-004H* 94.83 195.2 194.0 0.1033 92.88 30.77 7.6 S. 20682, 82.01 85.9 3.89 10.87 18885. 1a8781. 0.7 879.
R-717-005H% 96.53 201.7 200.6 0.1050 98.98 30.89 5.3 3.7 18857. 81.56 87.18 5.60 12.16 14877. 18815, 0.4 757.
R=717-006H* 99.73 212.7 211.0 0.1057 97.97 30.95 3.8 2.7 10650. 81.69 89.39 7.70 18.19 14799. 14786. 0.1 645,
B=717-007H#* 77.79 148.2 187.% 0.0383 77.29 10.38 35.3 24.6€ 86576. 75.62 176.04 0.32 1.96 5180. 5600. -8.1 1637.
R=717-0084% 79.06 151.2 150.6 0.0331 78.21 10.27 21.0 14.6 52128. 76.88 77.06 0.52 2.29 5133. 5469. -6.5 1384,
R-T717-009H* 79.93 158.2 152.8 0.0385 79.19 10.39 9.8 6.9 28833, 76.15 77.28 1.1 3.21 5182, 5879. -5.7 998.
B=-717-0104* 80.18 154.7 153.5 0.0333 79.45 10.33 7.6 5.3 18773. 175.88 77.31 1.8% 3.58 5151, 5336. -3.6 889.
R=-717-0114% 81.28 157.2 156.4 0.0338 80.33 10.33 5.4 3.8 13600. 76.20 78.16 1.95 8.10 5139. 5302, -3.2 775.
R=717-012H¢ 82.92 161.7 160.7 0.03483 81.73 10.31 3.8 2.6 9578. 76.61 79.35 2.73 8.98 51N, 5172. -1.2 630.
B=717-013H* 82.50 160.7 159.6 0.0691 81.85 20.73 35.3 24.6 8955a8. 78.12 178.86 0.64 8.01 10285. 11306. -9.9 1585.
B~717-014H% 83.12 162.2 161.3 0.0690 82.80 20.68 21.0 19.6 53212, 77.86 78.93 1.02 4.73 10250. 1065S5. -3.9 1380,
R-717-015H¢ 86.00 170.2 169.2 0.0688 88.93 20.53 9.8 6.8 25220. 78.56 80.70 2. 12 6.37 102113. 10375. -2.6 982.
R=T717-016H* 87.00 172.7 172.0 0.0688 85.89 20.50 7.6 5.3 19691. 78.61 81,32 2.69 7.08 10078. 10234, -1.5 885.
R=717-017H* 88.15 176.2 175.3 0.0688 86.98 20.87 5.5 3.8 18282, 78.29 81.96 3. 65 8.03 10038. 10013. 0.3 773,
R~717-018H* 90.80 183.7 183.0 0.0690 89.33 20.47 3.8 2.6 9964. 78.50 83.78 5.28 9.66 9980. 10006. -0.3 639.
B-717-019H* 88.52 165.7 165.1 0.0858 83.80 25.66 35.3 24.6 90745. 79.11 79.97 0.77 8.98 12679. 13578. -7.1 1574,
R=717-020H* 85.35 168.2 167.8 0.0860 B84.55 25.67 21.0 14.6 53940. 78.83 80.13 1.28 5.87 12668, 13023. -2.8 1334,
8-717-021H¢ 88.76 177.7 177.0 0.0866 87.76 25.75 9.8 6.9 25716. 79.48 82.09 2.59 7.97 12618, 12732. -0.9 978.
R-717-022H* 89.73 180.7 179.9 0.0865 88.71 25.67 7.5 5.3 19746. 79.28 82.61 3.35 8.81 12588, 12607. -0.5 881.
R=717-023H* 91.63 186.7 185.5 0.0857 90.84 25.37 5.4 3.8 14378. 79.38 83.92 B.55 10.00 12351. 12385. -0.3 76 8.
R=T717-024H¢ 98.29 194.7 193.6 0.0865 92.88 25.53% 3.9 2.7 10399. 79.33 85.67 6.33 11.79 12358. 123284. 0.3 648,
R-717-0258*% 77.56 1437.7 186.8 0.0576 77.08 17.40 35.3 24.6 84818, 73.98 74.55 0.51 3.29 8719, 9038. -3.6 1637.
R=T717-026H% 78.68 150.2 189.7 0.0577 77.99 17.39 21.0 14.6 50801. 74.33 75.21 0.82 3.92 8693. 8580. 1.3 1373,
8~717-027H* 80.63 155.7 158.7 0.0577 79.84 17.36 9.8 6.9 28001. 73.85 76.20 1.73 5.30 8646. 8501. 1.7 1009.
R-717-028a* 81.83 157.7 156.8 0.0578 80.52 17.35 7.6 5.3 186248. 78.85 76.68 2.21 5.86 8627. 8813. 2.5 910.
R-717-029H¢ 82.86 160.7 159.5 0.0579 81.48 17.35 5.4 3.8 13218. 78.12 77.2% 3.10 6.78 85 12. 836S5. 2.9 785.
R-717-030H* 84.49 166.2 165.0 0.0581 83.49 17.39 3.9 2.7 9637. 78.27 718.56 8,28 8.07 8594, 8322. 3.2 658.
R=717-031H* 85.53 168.7 167.9 0.1137 8a.72 33.95 35.3 28.6 89914, 78.27 79.35 0.99 6.73 16742. 17817, -0 1539.
R=717-0328% 87.12 173.2 172.3 0.1138 86.29 33.92 21.0 14.6 5380a. 78.as8 80.1 1.62 7.85 16668. 16972. -1.8 1313,
R=717-033H* 91.16 185.2 184.1 0.1152 89.98 38.13 9.8 6.9 25631. 78.81 82.22 3.39 10.68 16632. 16668, -0.2 966.
B=T717-034H* 92.71 189.7 188.7 0.1138 91.488 33.66 7.6 5.3 19917. 78.92 83.26 8.32 11.62 16348. 16365. -0.1 870.
R-717-035H* 983.99 196.7 195.7 0.11483 93.63 33.70 5.5 3.8 18538. 78.83 84.75 5.91 13.20 16288, 16222. 0.8 763.
B-717-036H* 98.36 207.7 206.5 0.1161 96.78 38.07 3.9 2.7 10817. 78.86 86.82 8.36 15.72 16380. 16268. 0.8 683,
BR=717-0378¢% 76.92 145.7 185.2 0.0260 76.26 7.86 35.3 24.6 86172. 75.29 75.64 0.25 1.45 3943, 4350.-10.3 1677.
R=717-038H* 77.28 146.7 186.1 0.0262 76.67 7.90 21.0 18.6 51309. 75.31 75.77 0.81 1.7a 3964, 82558, -7.3 1810.
8-T717-039H* 78.35 149.7 188.8 0.0261 77.37 7.87 9.8 6.8 28071. 75.52 76,38 0.83 2.31 39137. 4068. -3.3 1012.
B=717-080H* 78.62 150.2 189.5 0.0259 77.77 7.81 7.6 $5.3 18616. 75.40 76.148 1.07 2.68 3907. 4086. -3.6 900.
R=717-081H*¢ 79.16 151.7 150.9 0.0258 78.19 7.77 5.4 3.8 13809, 75.38 76.82 1.86 3.09 3880. 3983. -2.7 778.
B=-T717-042H* 79.95 153.7 152.9 0.0258 78.86 7.77 3.9 2.7 9616. 75.28 77.26 2.01 3.70 3876. 3909. ~-0.8 688.
R-717-043H% 79.13 151.7 150.8 0.0857 78.37 13.76 35.3 24.6 87348, 76.26 76.78 0.82 2.61 6877. 7326. ~-6.5 1632.
B-717-044H* 79.85 153.7 152.7 0.0865 79.11 18.00 21.0 14.6 52093. 76.35 177.08 0. 67 3.13 6983, 7051. -1.0 1379.
B-717-0458% 81.68 158.2 157.3 0.0860 80.68 13.83 9.8 6.9 28686. 76.68 78.12 1.82 8.24 6873. 6958. ~-1.2 1002,
R-717-046H* 82.22 159.7 158.9 0.0863 81.25 13.88 7.6 S.3 19037. 76.56 78.41 1. 83 8.78 6892, 6986. -0.8 900.
R=-717-047H* 83.29 162.7 161.7 0.0463 82.19 13.88 5.4 3.8 13709. 76.55 79.08 2.52 5.87 6879. 6848, 0.5 177.
R-717-048H* 88.44 165.7 168.9 0.0863 83.24 13.89 3.9 2.7 9827. 76.20 19.70 3.88 6.49 6868, 6773. 1.3 654,
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Table D.9. Experimental data for ammonia condensing on Tube H* (vertical, no rod on water side)

Ty P Psat Fe Te m, F v Tw.i Tw AT AT Q Q 4 .

Run No. CF s pa) @m CP gbuih @m0 GEOERY eh e euin eun @ 0t
R-717-0895eN 81.09 156.7 155.9 0.0236 80.60 7.10 81.2 20.1 168029. 79.58 79.80 0.19  1.82 353a. 3848, -8.8  1580.
B-717-050HN 81.35 157.2 156.6 0.0237 80.88 7.11 21.0 10.2 83806. 79.28 79.67 0.36 1.87 3537. 3772. -6.6  1168.
B-717-051HE 82.38 159.7 159.2 0.0235 B81.52 7.08 9.8 4.8 39287. 79.88 B80.19 0.7 2.52 3&9%.  3509. -0.8  8S6.
B-717-052H%K 82.70 161.2 160.2 0.0235 81.91 7.05 7.6 3.7 30805. 79.37 80.33 0.94 2.85 3e95. 3585. -2.6  751.
B-717-053H+N 83.55 163.2 162.8 0.0233 82.52 6.99 S.4 2.6 21617. 79.a4 80.77 1.31 3.8a 3e60. 3580. -2.3 622
B-717-058H*N 84.58 165.7 165.2 0.0233 83.37 6.98 3.8 1.9 15a55. 79.82 81.25 1.82 8.24 3¥88.  3890. -1.2  SO2.
R-717-05SHs¥ 81.56 157.7 157.1 0.0238 80.81 7.02 25.0 12.2 99758. 79.68 80.02 0.30 1.71 3892, 3779. -8.2  1265.
B-717-0SGHSK 81.91 159.2 156.1 0.0229 80.75 6.89 16.7 6.1 66702. 79.69 80.16 0.3% 1.99 3a21.  3658. -6.9  1065.
B-717-057HsK 82.23 159.7 158.9 0.0233 81.03 7.00 13.8 6.5 53588. 79.75 80.30 0.50 2.21 3477, 3369. 3.1  975.
B-717-058H+N 82.58 160.7 159.7 0.0238 81.3% 7.03 10.0 4.9 80014, 79.72 80.43 0.68 2.87 3e86. 3392. 2.7  87a.
B-717-059H%H 84.13 168.7 168.0 0.0232 82.68 6.95 5.0 2.8 20126. 79.88 81.26 1.80 3.58 3435. 3505. -2.0  598.
B-717-060H*N 86.75 166.2 165.7 0.1128 88.08 33.70 81.2 20.1 159237. 76.86 77.77 0.83 7.83 16686. 16998, -2.1  1385.
R-717-0618sN 87.48 178.2 173.2 0.1138 86.55 33.76 21.0 10.2 81940. 77.28 78.89 1.62 9.37 16579. 16972. -2.8  109a.
B-717-062HsN 91.08 186.2 185.0 0.11a8 90.38 33.89 9.8 8.8 38878. 77.27 B80.68 3.39 12.50 16501. 16683. -1.1  B817.
R-717-0638%N 93.96 193.7 192.5 0.1158 92.7% 38.06 7.5 3.7 30033, 77.71 82.13 8.39 18.03 16497. 16a77. 0.1 721
B-717-064HsN 97.10 203.2 202.% 0.1168 95.67 38.19 5.8 2.6 21712. 77.39 83.53 6.11 16.63 16445. 16474. -0.2  611.
B-717-06SHSN101.18 216.7 215.8 0.1159 99.a8 33.85 3.9 1.9 15882, 77.13 85.88 8.28 19.90 16132. 16118, 0.1 SOl
R-717-066E*N 84.27 165.2 164.% 0.0838 B83.58 25.06 41.2 20.1 162061. 78.56 79.25 0.63 5.37 12391. 12887. -3.7  1828.
B-717-067H%N 86.81 172.2 171.4 0.0638 65.90 28.97 21.0 10.2 83992. 79.83 80.65 1.18 6.77 12278. 12808. -1.0 1121.
B-717-068H*N 89.02 179.2 177.8 0.0838 87.93 20.89 9.8 8.8 39132. 78.65 B81.16 2.87 9.12 12185. 12096. 0.7  827.
B-717-0698%N 90.28 182.2 181.5 0.083% 89.02 28.75 7.6 3.7 30509. 78.51 81.73 3.21 10.16 12080. 12199. -1.0  735.
R-717-070HsN 92.79 189.7 189.0 0.0832 91.35 26.90 5.4 2.7 2199. 78.5% 82.99 4.82 12.03 12090. 12031. 0.5  622.
R-717-071H%H 96.23 200.7 199.7 0.08%5 93.51 24.88 3.8 1.9 15684, 78.35 B84.60 6.1 1a.71 11988. 11788. 1.7  504.
R-717-0728%N 82.05 159.2 156.% 0.0959 81.33 28.79 81.2 20.1 156085. 75.3€ 76.15 0.70 6.29 18297. 18891. -1.84  1805.
R-717-073H%N 85.62 168.7 168.1 0.0960 B88.61 28.68 21.2 10.3 82378, 77.08 78.43 1.36 7.89 1a139. 1a352. -1.5  1109.
B-717-078HsN 87.71 178.7 175.0 0.0963 B86.55 28.68 9.8 4.8 379%2. 75.60 78.50 2.89 10.66 18077. 18202. -0.9  B817.
B-717-07SH+N 89.59 180.2 179.8 0.0968 88.25 26.62 7.6 3.7 29639. 75.99 79.65 3.68 11.78 13993. 13830. 1.2  73s.
R-717-0768%N 92.31 188.7 187.5 0.0968 90.77 28.65 5.8 2.6 21129. 75.71 80.86 5.13 14.03 13925. 13812. 0.8  61u.
B I17-0778sN 97.15 203.7 202.6 0.098% 95.17 28.93 3.8 1.9 15353 76.18 83.a2 7.22 17.35 13911. 13862. 0.8  496.
B-717-078H%N 83.00 161.7 161.0 0.0606 81.86 18.18 §1.2 20.1 1629€4. 78.89 79.a1 0.86 3.85 9011.  9373. -3.0 17
R 717-079HeN 82.45 165.7 164.9 0.0603 83.07 18.08 21.0 10.2 83528. 79.15 B80.08 0.86 4.86 8915. 9010 -1.1 1134,
B-717-080H*H B6.4% 171.7 170.8 0.0606 84.89 18.09 9.8 4.8 39092. 78.9C 80.75 1.82 6.61 8902. 888s. 0.2  832.
B-717-081R%N 87.18 173.7 172.5 0.0608 B85.58 18.02 7.6 3.7 30871. 78.63 80.98 2.32 7.37 8853. 8847. 0.1  7a3.
R-717-0820%F 88.80 177.7 177.1 0.0608 86.98 17.97 5.8 2.7 2179%. 78.81 81.65 3.23 8.77 8198. 8777. 0.2  620.
B-717-083HsH 91.58 186.2 185.2 0.0607 89.35 18.00 3.9 1.9 15755. 78.61 83.08 4.46 10.70 8762. 8676. 1.0  506.
R-717-080E*H 77.68 187.7 187.1 0.0353 76.53 10.66 41.2 20.1 155859, 75.27 75.61 0.26 2.28 5339.  S3a4. -0.1  1875.
B-717-08SH*H 78.83 189.7 189.0 0.0354 77.22 10.67 21.0 10.2 79308. 75.23 75.79 0.53 2.92 5339, 5563 -4.2 1132
R-717-086H*N 79.61 152.7 152.0 0.0353 78.21 10.63 9.8 4.8 37098. 75.13 76.26 1.12 3.92 5305. 5a76. -3.2  837.
B-717-0BTHN 80.18 153.7 153.8 0.0351 78.71 10.58 7.6 3.7 28866. 75.08 76.86 1.40 8.39 5276.  5307. -0.6  743.
3-717-088HSN 81.73 158.2 157.6 0.0352 79.99 10.57 5.4 2.7 20840. 75.50 77.86 1.9% 5.25 5255.  5275. -0.4  €19.
R-717-089HsH 82.80 161.2 160.8 0.0336 81.02 10.39 3.9 1.9 14823, 75.07 77.75 2.65 6.39 5i50. 5133, 0.3  &99.
B-717-090H%K 78.59 150.2 189.% 0.0878 77.37 18.82 41.2 20.1 155731. 75.36 75.79 0.35 3.01 7211.  7215. -0.0  1882.
R-717-0918%% 79.95 153.2 152.9 0.0880 78.59 14.a7 21.0 10.2 79880. 75.70 76.83 0.70 3.88 7215. 73130 -1.3 1189,
R-717-0920N 81.81 157.2 186.7 0.0478 79.97 18.37 9.8 4.8 37522, 75.88 76.92 1.8 5.23 7148. 7199, -0.7  8a5.
B-717-093HsN 82.26 139.7 159.0 0.0876 80.77 14.30 7.5 3.7 28845. 75.86 77.35 1.87 S5.85 7100,  7036. 0.9 751
R-717-093H%N 83.67 163.7 162.8 0.0478 81.98 13.21 S.8 2.7 20914 75.4S 78.02 2.51 6.92 7034. 6827. 2.9  629.
B-717-09%HeN 85.78 169.2 168.6 0.0878 83.81 18.28 3.9 1.9 15269. 75.58 79.08 3.88 8.85 7039. 6854. 2.6  S15.
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Table D.9 (continued)

— v
Ty P Psat Fe Te m F, v Tw.in T AT AT Q Q. A

Run No. ©F) (psia)  (psi))  (gom)  CF)  (bufh)  (gpm)  (ffs) Re B P P Ch B Buly ) h.‘r':z','.‘,/F)
B-717-096H*N 80.60 155.2 154.6 0.0722 79.72 21.71 41.2 20.1 156827. 75.61 76.28 0.55 .68 10318. 11268. -4.2  1830.
B-717-0974*N 82.37 159.7 159.3 0.0722 81.16 21.68 21.0 10.2 80217. 75.84 76.96 1.08 5.97 10760. 11357, -5.5  111e.
B-717-098H+K 85.17 167.2 166.9 0.0730 83.71 21.83 9.8 4.8 37563. 75.98 78.19 2.23 8.11 10772. 10872. -0.9 821
R-717-0996%K 86.58 171.7 170.7 0.0733 85.05 21.88 7.6 3.7 29530. 76.10 78.95 2.83 9.01 10767. 10762. 0.0 1739,
B-717-100H%K 88.31 176.2 175.7 0.0731 86.73 21.76 S.4 2.7 21152, 75.7C 79.59 3.86 10.66 10668. 10898. 1.6 619,
B=717-101HN 91.66 186.7 185.6 0.0736 89.81 21.81 3.9 1.9 15401. 75.92 81.30 5.36 13.05 10616. 10086. 1.2  503.
R-717-1026%N 81.89 158.7 158.0 0.0225 79.73 6.76 25.0 12.2 100237. 80.07 80.80 0.29 1.65 3361. 3654. -8.7  1258.
B-717-103H*N 82.05 159.2 158.4 0.0225 79.93 6.76 16.5 8.1 66042. 79.87 80.33 0.83 1.95 3358. 3523, -2.9 1065,
B-717-104E*N 82.11 159.7 158.6 0.0225 80.11 6.77 13.4 6.5 53580. 79.78 80.29 0.50 2.10 3363. 3363, 0.0 997,
B-717-105H%N 82.09 159.7 158.5 0.0225 80.22 6.76 10.0 4.9 39835. 79.37 80.06 0.66 2.37 3357. 3303. 1.6 875,
B-717-106H%N 83.75 163.7 163.0 0.0221 81.36 6.63 4.9 2.4 15737. 79.58 80.98 1.38 3.87 3280. 3395. -3.5  sga.
B-717-1074%N 82.92 161.7 160.7 0.0303 81.30 9.09 25.0 12.2 100818. 80.49 80.91 0.38 2.22 8506. 4802. -6.6  1257.
R=717-108A*§ 82.97 161.7 160.9 0.0302 81.38 9.05 16.7 8.1 67059. 80.06 80.66 0.57 2.62 4485. 4789. —5.9 1061,
B-717-109H#N 82.91 161.7 160.7 0.0301 81.83 9.02 13.4 6.5 53€14. 79.70 80.43 0.68 2.84 4473. 4553. -1.8 974,
B-717-1104%N 83.67 164.2 162.8 0.0298 81.91 8.92 10.0 4.9 40238. 80.07 80.98 0.88 3.15 4417. 0385. 0.7  868.
R-717-111H+N 85.38 168.2 167.4 0.0293 83.40 8.76 5.0 2.8 20215. B80.02 81.80 1.76 3.87 4321. &800. 1.8 598,
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Table D.10. Experimental data for ammonia condensing on Tube L (vertical)

U

v Pat Fe Te m Tw.in Tw.ou AT, AT Q¢ Quw A

Run No. ©F) (psia) (gpm) ©F “bnjh) Re °F) (or)' °F) (°F) (Btu/h) (Btu/hy (%) h.‘f?zl.li/ﬂ
R=-717-007L 81.78 157.7 0.0302 81.00 9.07 3 94523, 80.04 80.42 0.27 1.55 4506. 4685. -4.0 1930.
B-T717-008L 82.29 159.0 0.0302 81.42 9.05 2 56808. 80.04 80.53 0.484 2.00 4491, 4685. ~4.3 1494.
R-717-009L 83 .84 163.2 0.0301 82.55 9.02 8 26367. 80.15 81.08 0.88 3.22 4462, 4317. 3.3 921.
R=-717-010L 84.51 165.0 0.0303 83.36 9.06 6 20446. 80.01 81.21 1.19 3.90 4476, 4501. ~-0.5 763.
R-717-011L 85.61 168.1 0.0300 848.17 8.97 L) 14532. 79.80 81.46 1. 64 8.97 4422, 4807. 0.3 591.
R=-717-0121L 87 .44 173.2 0.0301 85.69 8.97 8 1040€. 79.88 82.13 2.28 6.45 44 06. 4381. 0.6 454,
R=-717-013L 78.68 189.7 0.0725 78.34 21.85 35.3 87941. Tu4.19 74.92 0.62 4.13 109248, 10866. O. 1758.
R-717-014L 80.13 153.4 0.0726 79.62 21.83 21.0 52494, 76.27 75.35 1.01 5.31 10886. 10582. 2. 1362.
R-T717-015L 83.52 162.4 0.0726 82.79 21.72 9.8 24777. 74.20 76.40 2.17 8.22 10756. 10649. 1. 870.
R-717-016L 85.26 167.1 0.0726 84.31 21.68 7.6 19177. 74.13 76.94 2.79 9.72 10695. 10575. 1. 731
R-717-017L 88.73 176.9 0.0731 87.50 21.75 S.4 13906. 74.46 78.35 3.87 12.32 106584. 10528. 1. 575.
R-T717-018L 92.74 188.8 0.0735 91.10 21.73 3.9 10098. 78.50 79.80 5.27 15.59 10552. 10304. 2. 450.
B-T717-019L 81.09 155.9 0.0972 80.57 29.18 3 88931. 74.95 75.88 0. 82 5.67 14522. 14476. 0. 1702.
R-717-020L 83.91 163.4 0.0%64 82.92 28.86 0 53897. 76.15 77.58 1.36 7.08 14277. 18301, -0. 1348.
B-T717-021L 87.47 173.3 0.0979 86.60 29.15 8 25184, 75.0C0 77.88 2.848 11.03 1a318. 13951, 2. 863.
R-T717-022L 89.70 179.8 0.0976 88.61 28.97 6 19485. 74.94 78.63 3.66 12.92 14159. 13896. 1. 729.
B-717-023L 93.96 192.5 0.0979 92.54 28.89 L} 14163, 75.31 80.38 5.06 16.11 13994. 13753. 1. 5717.
R=~T717-024L 98.95 208.4 0.0980 97.18 28.72 9 10215. 74.97 81.96 6.96 20.49 13757. 13550. 1. 446.
R~T717-025L 80.71 154.9 0.0848 80.31 25.48 35.3 89398. 75.42 76.23 0.69 4.89 12687. 12222. 3. 1724.
R-717-026L 82.18 158.8 0.0€s8 81.54 25.32 21.0 53306. 75.38 76.62 1.16 6.18 12574. 12205. 2. 1353.
BR=-T717-027L 86.39 170.3 0.0853 85.49 25.44 9.8 25267. 75.55 78.09 2.50 9.57 12520. 12310. 1. 870.
R-717-028L 88.51 176.3 0.0858 87.59 25.51 7.6 19517. 75.847 78.76 3.26 11.39 12499. 12332. 1. 729.
R-717-029L 92.01 186.6 0.0858 90.81 25.40 5.4 14165. 75.61 80.10 4.47 18.16 12354. 12167. 1. 580.
R=-T717-030L 97.04 202.2 0.087 95.41 25.48 3.9 10320. 75.77 81.97 6.18 18.17 12256. 12082. 1. 4489,
BR=-717-031L 82.19 158.8 0.0372 81.15 11.16 35.3 2 94530. 80.03 80.44 0.30 1.96 5540. 5354. 3.4 1882.
R-717-032L 82.89 160.7 0.0370 81.70 11.11 21.0 1 56316. 80.07 80.63 0.52 2.54 5507. saa8. 1.1 1441,
R-717-033L 84 .90 166.1 0.0372 83.60 11.13 9.8 26568, 80.31 81.45 1.08 8.03 54 96. 5312. 3.8 908.
R-717-038L 85.94 169.0 0.0365 84.39 10.90 7.6 20614. 80.56 81.97 1.39 4.67 5372. 5259. 2.1 765.
R-717-035L 86.96 171.9 0.0367 85.43 10.95 5.4 14720. 79.9&% 81.90 1.9% 6.03 5386. 5283. 1.9 594.
R-717-036L 89.07 177.9 0.0367 87.22 10.93 3.9 10640, 79.96 82.69 2.73 7.75 53 48. 5335. 0.2 459.
R-717-037L 82.89 160.7 0.0485 81.91 14.55 35.3 2 946482. 80.08 80.58 0.39 2.56 7215. 6921. 4.1 1874.
R-717-038L 84.05 163.8 0.0487 82.97 14.57 21.0 1 56593. 80.39 81.11 0.68 3.30 7208. 7114, 1.3 1853.
B-717-039L 86.01 169.2 0.0487 84.69 14.55 9.8 26572. 80.11 81,55 1.39 5.18 7169. 6826. 4.8 919.
R-717-040L 87.14 172.8 0.0485 85.74 14.45 7.6 20554. 80.12 81.9% 1. 81 6.11 7100. 6888. 3.6 773.
R=-717-041L 89.31 178.6 0.00891 87.62 14.60 5.8 18828. 80.25 82.80 2.53 7.78 7140, 6880. 3.6 610.
R-T717-042L 91.54 185.2 0.0486 89.84 14,42 3.9 10682. 79.91 83.38 3.47 9.90 7020. 6786. 3.3 471.
R-T717-043L 83.05 161.1 0.0612 82.47 18.3% 35.3 93873. 79.37 79.99 0.51 3.38 9089. 9017. 0.8 1789.
R-717-044L 84.30 168.5 0.0614 83.59 18.38 21.0 560843. 79.50 80.42 0. 87 4.38 9084. 9094. -0.1 1393.
R~717-045L 87.06 172.2 0.0613 85.97 18.27 9.8 26818. 79.46 81.26 1.75 6.70 8982. 8619. 8.0 891.
R=T17-046L 88.54 176.4 0.0617 87.27 18.36 7.6 20822. 79.33 81.69 2.38 8.03 8996. 8891. 1.2 745.
R-T717-087L 90.87 183.2 0.0617 89.36 18.29 5.8 18701, 79.19 82.45 3.24 10.0% 89 18. 8799. 1.3 590.
R-717-088L 94.11 193.0 0.0618 93.32 18.2% 3.9 10634, 79.05 83.52 4.46 12.83 8829. 8732. 1.1 857,
R=-T17-049L 77.59 186.9 0.1¢79 77.31 32.54 35.3 84037. 70.47 71.50 0.91 6.60 16309. 15981. 2. 1643,
R=-717-050L 80.08 153.1 0.1(88 79.63 32.71 21.2 50954. 70.90 72.50 1.51 8.38 16312. 15986. 2. 1301,
R-T717-051L 84 .85 166.0 0.1092 848.07 32.63 9.8 23761, 70.87 73.72 3.20 12.75 16111, 15730. 2. 880.
R-717-052L 87.77 176.2 0.1096 86.80 32.62 7.6 18507. 70.73 74.89 4.13 18.96 16009. 15663. 2. 712,
R-717-053L 92.65 188.6 0.1103 91.82 32.61 5.4 13478. 71.11 76.86 5.72 18.67 15840. 15566. 1. 564.
R-T17-054L 98.60 207.3 0.1109 96.89 32.53 3.9 9740. 70.78 78.70 7.88 23.86 15595. 15382. 1. 435,
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Table D.11. Experimental data for ammonia condensing on Tube L* (vertical)

— u
Ty P Py Fe T m Twin  Tw, ATy, ar Q¢ Quw

Run No. ©F) (i) (psia)  (gpm) P (bpfh Re B R eH eh euin B e
B-717-001L* 88.42 177.2 176.0 0.1089 87.62 31.19 34.0 30.5 96064. 82.27 83.28 0.90 S.64 15287. 15338. -0.3  1803.
B-717-002L* 89.86 180.7 180.2 0.1086 88.94 31.05 21.0 18.8 S59497. 82.25 83.76 1.86 6.86 15171. 15328. -1.0 1871,
8-717-003L# 93.71 192.7 191.8 0.1055 92.58 31.1a8 9.8 8.7 27989. 82.56 85.63 3.05 9.62 15088. 14821. 1.8 1043,
B-717-004L* 95.79 199.2 198.3 0.1058 94.62 31.03 7.6 6.8 22074%. B82.88 B86.81 3.91 10.95 14967. 14857. 0.7  909.
8-717-005L* 99.69 211.7 210.8 0.1050 98.12 30.78 S.4 4.8 15855. 83.38 88.83 5.48 13.58 14696. 18627. 0.5  719.
B-717-006L* 108.09 226.7 225.7 0.1069 102.27 31.11 3.9 3.5 11aS1. 82.38 89.87 7.52 17.98 14724. 18608. 0.8  S44.
B-717-007L* 86.81 172.2 171.4 0.0345 85.71 10.27 0 30.5 98835. 84.93 85.38 0.31 1.68 5052. 5383. -5.8  2005.
R-717-008L* 87.27 173.7 172.8 0.0385 86.16 10.29 0 18.8 61103. 83.94 85.48 0.88 2.06 5056. S071. —0.3  1632.
B-717-009L% 88.38 176.7 175.9 0.0330 87.15 10.12 8 8.8 28586. 88.90 85.9% 1.02 2.96 4959. 8987. -0.6 1113,
B-717-010L*+ 89.35 179.7 178.7 0.0333 88.07 10.18 3 6.6 21540. 85.13 86.50 1.35 3.5a 4981. 18983, 0.8  936.
B-717-011L* 90.44 182.7 181.9 0.0339 89.02 10.05 4 4.5 15997. B5.17 86.99 1.81 4.36 490s. 4903. 0.0  748.
B-717-012L% 92.88 189.2 188.0 0.0339 90.90 10.03 9 3.5 11527. 85.40 87.92 2.51 5.82 4375. 4878. -0.1  557.
B-717-013L* 88.62 177.7 176.6 0.0689 87.89 20.87 8 99990. 84.77 85.48  0.61 3.49 10028. 10537. 1910.
B-717-014L* 90.22 182.7 181.3 0.0690 89.43 20.45 2 49€49. 84.93 86.12 1.15 4.69 9983.  9728. 1415,
8-717-015L% 92.33 189.2 187.6 0.0697 91.37 20.60 8 28931. 85.10 87.17 2.08 6.20 10J14. 10028. 1074,
B-717-016L* 99.57 211.7 210.4 0.0695 97.85 20.37 4 11357. 85.08 90.17 5.12 11.96 9781.  9691. 541,
8-717-017L* 88.12 175.7 175.2 0.0878 87.68 25.97 34.7 1 98599, 82.81 83.68 0.78 4.88 12737. 13a51. 1736.
B-717-018L* 89.67 181.7 179.7 0.0883 89.36 26.17 17.0 2 48452. 82.73 84.26 1.49 6.17 12195. 12654. 1378
B-717-019L* 9247 189.7 188.0 0.0882 91.88 26.06 9.8 8 284836. 83.26 85.86 2.57 7.91 12664. 1265a. 1065.
B-717-020L® 101.48 217.7 216.8 0.0882 100.02 25.78 3.8 8 11258, 83.20 89.58 6.37 15.08 12256. 12118. 540.
B-717-021L¢ 87.53 178.7 173.5 0.0921 87.15 27.80 38.7 1 97919. 82.22 83.13 0.8t 4.85 13453. 13988. 1844,
R-717-022Le 88.85 178.7 177.3 0.0935 88.46 27.77 21.0 8 59373. 82.15 83.52 1.31 6.01 13599. 1370a. 1503.
R-717-023L# 92.57 189.7 188.3 0.0937 91.88 27.69 9.7 7 27892, 82.66 85.45 2.77 8.51 13450. 13a18. 1051.
B-717-024L* 93.18 198.7 193.2 0.0932 93.46 27.46 7.6 8 21913 82.7¢C 86.21 3.88 9.73 13298. 13195, 908.
B-717-025L* 97.21 208.2 202.8 0.0932 96.26 27.35 5.4 8 15680. 82.60 87.48 4.88 12.17 13150. 13136. 718.
R-717-026L* 102.02 220.2 218.7 0.0937 100.78 27.3a 3.8 5 11301. 82.72 89.48 6.71 15.98 13001. 12875. 562,
B-717-027L* 87.85 178.7 173.3 0.0860 86.76 13.69 34.7 100973. 84.97 85.47 0.80 2.23 6725. 6982. -3.2  2001.
8-717-028L* 88.17 176.7 175.3 0.0861 87.83 13.72 21.0 61250. 85.07 85.76 0.63 2.76 6726. 6600. 1.9 1623.
B-717-029L* 89.58 180.7 179.8 0.0463 88.50 13.73 9.8 28775. 84.86 86.2¢ 1.35 4.03 6715. 6658. 0.9  1108.
2-717-030L* 90.60 183.7 182.8 0.0458 89.36 13.57 7.5 22017. 85.07 86.88 1.78 8.65 6620. 6529. 1.8  947.
B-717-031L* 91.99 188.2 186.6 0.0a54 90.65 13.83 5.4 15875. 85.01 87.41 2.38 S5.78 6533. 6807. 1.9  751.
B-717-032L* 93.80 193.2 192.1 0.0859 91.73 13.56 3.9 11626. 88.70 87.92 3.21 7.49 6571. 631a. 3.9  Sga.
B-717-033Le 87.86 175.2 178.% 0.0583 86.97 17.36 38.7 100708. 8%.69 85.31 0.53 2.86 8517. 9123. -7.1 1977.
R-717-034L¢ 89.48 179.7 179.1 0.0581 88.38 17.25 21.0 61602. 85.57 86.88 0.86 3.45 8436. 8975. -6.4  1625.
B-717-035L* 90.75 188.2 182.9 0.0580 89.60 17.19 9.8 28679. 84.88 86.54 1.68 5.06 838s. 8199. 2.2  1102.
B-717-036L¢ 91.79 186.7 186.0 0.0578 90.50 17.12 7.6 22306. 84.84 87.03 2.17 S.85 8329. 8213. 1.4  9a6.
B-717-037L¢ 94.08 198.2 192.9 0.0573 92.41 16.93 5.3 1550S. 85.08 88.15 3.10 7.88 8196. 8099. 1.2  728.
2-717-038L* 96.91 202.7 201.8 0.0570 95.01 16.78 3.9 11612. 85.21 89.36 4.18 9.62 8072. 8038. 0.8  558.
R-717-039L* 88.89 166.7 166.1 0.0805 83.92 28.05 38.7 95581. 80.27 81.08 0.70 4.21 11877. 12187. -2.6  1875.
B-717-080Le 87.14 173.2 172.4 0.0806 85.92 28.03 21.0 58751. 81.38 82.57 1.18 S5.16 11808. 11902. -0.8  1520.
R-717-0a1Le 89.20 179.2 178.3 0.081s 87.98 284.18 9.8 27501. 80.60 83.01 2.38 7.39 11833. 11691. 1.2  1065.
B-717-082Ls 90.83 184.2 183.1 0.0805 89.43 23.88 7.6 21823. 80.85 83.90 3.02 8.86 11683. 11896. 1.3  915.
B-717-083L¢ 93.85 193.2 192.2 0.0809 92.17 23.89 5.4 15328. 81.08 85.28 4.22 10.69 11572. 11378. 1.7  720.
B-717-08aL¢ 97.99 206.7 205.3 0.0817 95.97 23.99 3.9 11285, 81.12 86.98 S.81 13.96 11516. 11357. 1.8  Sas.
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Table D.11 (continued)

- U
T, P Poat F¢ Tc m, F v Tw.i Tw.ou AT, AT A a

Run No. ©F) (psia) (psia) (gpm) ) (Ibmfh) (gp:’) fifs) Re © F)" © ;?)t © F“)v F) (Btu/h) (Btu;vh) (%) h.(:;.l:-/[:)
R-717-045L* 83.30 162.7 161.8 0.0502 82.18 15.03 38.7 31.1 95729. 80.56 81.11 0. 854 2.46  74a8. 7565. -1.6  2010.
R-717-046L* 84.17 164.7 164.1 0.05017 82.83 15.01 21.0 18.8 S58128. 80.73 81.47 0.69 3.07 7823, 7187. 3.2 1608.
R-717-047L* 86.00 170.2 169.2 0.0503 88.83 15.02 9.8 8.8 27277. 80.81 82.30 1. 46 3.a8  T401. 7188. 3.4 1107.
R-717-04a8L* 86.93 172.7 171.8 0.0508 85.30 15.03 7.6 6.8 21267. 80.82 82.73 1.88 5.15 7389. T136. 3.4 954.
R=-717-049L% 88.99 178.7 177.7 0.0501 87.25 14.90 5.8 4.8 15199. 81.148 83.79 2.63 6.52 7292. 7085. 2.8 Ta3.
R-717-050L+ 91.28 185.7 188.4 0.0503 89.26 148.92 3.9 3.5 11059. 80.87 84.85 3.55 B8.62 T7266. 6952. 8.3 561.

L6



Table D.12. Experimental data for ammonia condensing on Tube L* (vertical, no rod on water side)

—_ U
Ty Psar Fc Te m v Tw.in Tw.out ATy, AT Q¢ Q A

Run No. ©F) (psia) (gpm) CR (byfh) (1tfs) Re ©F) ©F) ©F) ©F) (Bfh)  (Brufhy (%) h,‘f?:‘,‘i/ﬂ
R-717-051L*¥ 86.03 169.3 0.0983 83.38 29.36 23.9 179434, 79.62 80.80 0.72 6.02 14%60. 14779. -2.2 1598,
BR-T17-052L*N 88.17 175.3 0.0986 86.848 29.37 12.2 91556. 79.41 80.79 1.36 8.07 14300. 14301. 0.7 1186.
R-717-053L*N 9&.04 192.8 0.1007 91.89 29.75 5.6 43262. 80.03 83.00 2.95 12.53 14803. 18359. 0.3 764.
R-717-054L*E 95.64 201.0 0.1008 98.35 29.69 4.8 33798. 79.82 83.56 3.78 18.96 14298. 18169. 0.9 635.
B-T17-055L *K 102.26 219.5 0.1003 99.53 29.31 3.1 28226. 79.80 85.02 S5.20 19.88 13938. 18017. -0.6 367.
R-717-056L*¥107.82 239.0 0.1017 108.63 29.48 2.8 18762. 79.75 86.38 6.58 28.77 13332. 13621, 1.5 37T,
R-717-057L*N 77.7S 187.3 0.0381 76.18 10.29 &1.2 23.9 170017. 75.59 75.92 0.26 2.00 5156. 5365. -4.0 1714,
B-717-058L*E 78.67 189.6 0.0336 76.97 10.13 21.0 12.2 86870. 75.68 76.20 0.50 2.73 5068. 5259. -3.8 1234,
R-717-059L*F 80.70 154.9 0.0333 78.55 10.03 9.8 S.7 40771. 75.86 76.91 1.03 8.32 4396. 5060. -1.3 769.
R-717-060L*N 81.73 157.6 0.0331 79.59 9.96 7.6 4.4 31510. 75.76 77.10 1.31 5.30 4951, 8959, -0.2 621.
R-717-061L*N 83.92 163.8 0.0330 81.85 9.91 S.4 3.1 22583. 75.87 77.71 1.82 7.13 &3902. 4914, -0.3 457.
R=-717-062L*§ 87.09 172.2 0.0331 84.29 9.88 3.8 2.2 16206. 76.03 78.58 2.53 9.79 4358, 4859. —0.1 330.
R-T717-063L*N 82.84 160.5 0.0735 81.55 22.03 81.2 23.9 175871. 78.11 78.71 0.53 8.83 10924. 10956. -0.3  1640.
R-717-064L*N 84.85 166.0 0.0737 83.57 22.05 21.0 12.2 90100. 78.28 79.35 1.05 6.03 10888. 10980. -0.8  1200.
R-717-065L*N 87.67 173.9 0.0742 86.24 22.11 8 5.6 41481. 77.03 79.26 2.22 9.52 10355. 10808. 0.4 758.
R-717-066L*N 89.8S 180.2 0.0738 88.27 21.93 S  8.% 32209. 76.93 79.78 2.83 11.49 10718. 10645. 0.7 620.
B-T17-067L*N 98.27 193.5 0.0781 92.32 21.88 3 3.1 22853. 76.93 80.89 3.9 15.36 10588. 10460. 1.2 858,
R=-717-068L*N100.18 212.a 0.0748 97.71 21.78 9 2.3 16981. 77.19 82.81 5.20 20.38 10403. 10121. 2.7 339,
R~717-069L*N 83.82 163.2 0.0898 83.03 26.87 2 23.9 175630. 77.9s8 78.66 0.65 S.52 13298. 13422. 0.9 1601
R-T717-070L*N 85.78 168.6 0.0898 84.80 26.82 0 12.2 89599. 77.73 79.02 1.27 7.81 13217. 13387. -1.0  1186.
R~-717-0T7IL*N 91.11 183.9 0.0909 89.84 26.94 8 S.7 42495. 78.33 80.99 2.65 11.45 13129. 12956. 1.3 762.
R-717-072L*H 93.67 191.7 0.0906 92.20 26.77 6 4.4 33158. 78.24 81.68 3.80 13.73 12973. 12910. 0.5 628.
R-717-073L*N 98.44 206.7 0.0910 96.71 26.71 4 3.2 23882. 78.18 82.82 4.63 17.98 12807. 12581. 1.8 a7s.
R-717-073L*N106.84 235.5 0.0918 108.59 26.61 7 2.2 1658S. 78.36 85.01 6.68 25.15 12516. 12362. 1.2 331,
R-717-07SL*¥ 83.0S 161.1 0.0€11 82.58 28.30 2 23.9 175177. 77.76 78.83 0.60 N8.96 12046. 12378. -2.7 1615,
R=-717-076L*N 85.25 167.1 0.0810 84.58 28.18 0 12.2 89825. 77.98 79.16 1.17 6.68 11931. 12268. -2.8 1188.
R~717-077L*K 89.68 179.6 0.0810 88.54 2&.04 8 5.6 82131. 78.17 80.59 2.81 10.26 11153, 11718. 0.3 762.
R-717-078L*N 92.52 188.1 0.0819 91.38 28.22 6 4.4 33113. 78.48 B81.60 3.11 12.88 11768. 11807. -0.3 627.
R-717-079L*8 97.71 204.4 0.0831 96.22 28.81 8% 3.1 23828. 78.89 83.28 4.38 16.68 11722. 11695. 0.2 868.
R-717-080L*N108.06 225.7 0.0837 102.01 28.35 9 2.3 17522. 79.21 85.02 5.81 21.95 11526. 11368. 1.4 339,
R-717~081L*N 79.76 152.8 0.0848 78.73 13.35 2 23.9 173113, 76.96 77.37 0.38 2.60 6664. T7009. -5.2 1704.
B=717-082L*N 81.09 155.9 0.0883 79.85 13.31 0 12.2 88683. 77.23 77.89 0.68 3.53 6628. 6684. -0.9 1247,
B-717-083L*N 83.49 162.3 0.0831 81.98 13.21 8 5.7 81778. 77.28 78.56 1.31 5.59 6541. 6482. 1.5 778.
R~717-08%L*N 85.02 166.8 0.0883 83.81 13.26 6 4.4 32887. 77.36 79.07 1.68 6.81 6548. 6398. 2.3 640.
R-717-085L*K 87.74 178.1 0.0483 B85.73 13.21 S 3.2 23558. 77.50 79.86 2.35 9.06 6482. 68830. 0.6 876.
R-717-086L*N 91.24 185.3 0.0838 88.80 13.00 9 2.3 16755. 77.31 80.53 3.21 12.32 6335. 6238. 1.5 332.
R-T717-087L*N 80.06 153.2 0.0567 79.18 17.05 2 23.9 172238. 76.53 77.00 O0.81 3.30 8503. 8386. 1.8 1713.
R-T717-088L*N 81.47 156.9 0.0563 80.85 16.91 0 12.2 88101. 76.63 77.85 0.79 4.83 8409. B8329. 0.9 1263.
B-717-089L*N 88.52 165.1 0.0563 83.09 16.84 8 5.7 &1858. 76.7C 78.37 1.66 6.99 8323, 8113, 2.5 792.
R=717-090L*N 86.42 170.8 0.0562 83.87 16.77 6 8.8 32283. 76.86 78.98 2.09 8.50 8253. 7928. 4.0 645.
B~717-091L*N 89.45 179.0 0.0559 87.55 16.62 8 3.2 23206. 76.76 79.66 2.89 11.28 8130. 7850. 3.4 88 1.
R-717-092L*N 93.26 193.5 0.0561 91.76 16.59 8 2.2 1649S5. 76.68 80.72 4.03 15.56 8031. 71781. 3.6 343,
R-717-093L*¥ 81.15 156.0 0.0637 80.86 19.1% 2 23.9 173825. 77.03 77.58 0.88 3.85 9527. 9988. -8.%  1645.
BR-717-094L*N 82.73 160.2 0.0637 81.91 19.11 0 12.2 88631. 77.08 77.98 0.92 S5.22 9¢76. 9660. -1.9  1208.
R-717-095L*N 86.53 170.7 0.0638 85.22 19.03 8 5.7 81832, 77.88 79.37 1.92 8.12 9365. 9392. -0.3 767.
B-717-096L*N 88.83 176.1 0.0681 87.03 19.07 6 8.8 32720. 77.33 79.80 2.8% 9.87 9349. 9309. 0.8 630.
B=717-097L*N 92.20 187.2 0.0635 90.%8 18.81 3 3.1 23009. 77.30 80.7t 3.80 13.19 91a3. 9067. 0.8 36 1.
B-717-098L*N 97.29 203.0 0.0639 95.09 18.78 9 2.3 16881. 77.19 81.88 4.63 17.77 9031. 9012. 0.2 338.
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Table D.13. Experimental data for ammonia condensing on Tube T (vertical)

— u
Tv P Psat Fe T m F v Twin  Tw at, AT Qc Quw

Run No. CF) (psia)  (psia) (gpm) CE) (bpih)  gpm) () Re CH B CF CF (Btu/h)  (Btu/h) n-(f?;-"l’/F)
B-717-001T 79.98 153.7 153.0 0.1092 79.59 32.83 34.0 27.8 80508. 70.05 71.12 0.98 9.39 16376. 16633. -1.6 1086.
R-717-002T 82.30 159.7 159.1 0.1096 81.69 32.87 21.2 17.1 50750. 70.61 72.19 1.5 10.90 16317. 16282. 0.2 933,
R-717-003T 87.60 178.7 173.7 0.1111 86.72 33.08 9.8 7.9 23828. 70.67 73.95 3.26 15.29 16240. 16015. 1.4 662.
R=717-004T 90.17 181.7 181.1 0.1118 89.15 33.16 7.6 6.1 18879. 70.6C 78.79 8.17 17.87 16193. 15815. 2.3 578.
R-717-005T 98.83 196.2 195.2 0.1130 93.52 33.31 5.4 8.4 13219. 70.20 76.21 6.00 21.62 16100. 16164. ~0.& 868,
B-717-006T 100.18 218.2 212.% 0.1135 98.89 33.22 3.9 3.1 9650. 69.98 78.08 8.09 26.15 15866. 15746. 0.8 378.
R-717-007T 80.25 1548.7 153.7 0.0610 80.23 18.34 38.0 27.8 85536. 78.99 75.62 0.54 8.95 9143, 9160. -0.2 1152.
R-717-0087T 81.25 156.7 156.3 0.0608 81.13 18,25 21.0 16.9 52928. 74.99 75.91 0.85 5.80 9079. 8958. 1.3 976.
R-717-009T 84.17 168.7 168.1 0.0608 83.70 18.17 9.8 7.9 25019. 7S5.18 76.97 1. 81 8.12 8986. 8875. 1.2 690.
R-717-010T 85.50 168.7 167.8 0.0607 85.02 18,11 7.6 6.1 19338. 75.01 77.37 2. 38 9.31 8931. 8865. 0.7 597.
R=-717-011T 88.18 175.7 175.2 0.0611 87.35 18.17 5.8 8.3 13739. 78.96 78.27 3.31 11,52 8911, 8873. 0.8 482.
R=-T717-0127T 91.33 185.2 188.6 0.0609 90.15 18.03 3.9 3.1 9970. 78.89 79.42 8.53 18.17 8782. 8748. 0.8 386.
B-717-013T 81.76 158.7 157.6 0.0291 80.56 8.75 34.0 27.8 90275. 79.37 79.73 0. 27 2. 20 a387. 8665. -7.3 1229.
R-717-0147 82.54 160.7 159.7 0.0289 81.09 8.67 21.0 16.9 56033. 79.72 80.17 0.39 2.59 4308. 4086. 5.1 1034,
R-717-015T 88,20 168.7 164.2 0.0289 82.48 8.68 9.8 7.9 26463. 80.06 80.94 0.87 3. 70 8273. 8265. 0.2 720.
&8-717-0167 84.83 166.7 165.9 0.0289 83.16 8.65 7.6 6.1 20825. 79.96 81.09 1.13 8.31 8269. 4303. -0.8 618.
R-T717-017T 85.87 169.7 168.8 0.0286 84.01 8.56 5.4 4.8 13662. 79.82 81.39 1.57 5.26 4216. 8278, -1.8 4999.
R-717-018T 87.36 174.2 173.0 0.0286 85.21 8.53 3.9 3.2 10581. 79.80 81.98 2,13 6.89 8188, 8175. 0.3 802,
BR-717-019T 83.01 162.2 161.0 0.0968 82.18 29.0t1 38.0 27.8 85112, 78.85 75.40 0. 86 8.09 14378. 18537. -1.1 1107.
R-717-020T 88.52 165.7 165.1 0.0971 83.49 29.05 21.0 16.9 52662. 78.36 75.76 1.38 9.46 14353. 14018. 2.3 945.
BR-T717-0217 88.91 178.7 177.5 0.0976 87.68 29.02 9.8 7.9 28927. 78.32 77.21 2.87 13.15 14209. 18113. 0.7 673.
BR=-717-022T 91.06 184.7 183.8 0.0978 89.55 28.87 7.6 6.1 19332. 78.33 78.00 3.65 18.90 18072. 13858. 1.5 588.
R-717-0237 95.12 197.2 196.1 0.0978 93.37 28.85 5.8 4.4 18088. 78.68 79.72 5.08 17.91 13935. 13701. 1.7 485.
R-T717-024T 100.11 213.2 212.2 0.0989 97.87 28.97 3.9 3.1 10151. 78.47 81.47 7.00 22.%% 13338. 13616. 1.6 389.
R-717-025T 82.53 160.2 159.7 0.0850 82.31 25.86 34.0 27.8 85761. 75.09 75.93 0.75 7-02 12631. 12654, ~-0.2 1122,
R-717-0261 83.99 164.7 163.6 0.0847 83.55 25.35 21.0 16.9 53193. 75.22 76.46 1.18 8.15 12538. 12388. 1.2 958.
R-717-027T 87.57 178.2 173.6 0.0856 86.97 25.49 9.8 7.9 25033. 74.83 77.37 2.52 11.88 12515, 12374. 1.1 679.
R-T717-028T 89.67 180.7 179.7 0.0852 88.93 25.27 7.6 6.1 19461. 75.08 78.29 3.19 12.99 12352. 12095. 2.1 593.
R-717-029T 93.38 191.7 190.8 0.0860 92.27 25.81 5.8 4.8 13980. 75.31 79.78 8,488 15.83 12323. 12061. 2.1 485.
R-717-030T 97.90 205.7 205.0 0.0871 96.86 25.57 3.9 3.2 10255. 75.27 81.87 6.20 19.53 12277. 12119. 1.3 392.
BR=717-031T 82.19 159.7 158.8 0.0722 81.52 21.64 38.0 27.8 86657. 75.95 76.69 0. 65 5.87 10745. 10958. -2.0 11480
R-T717-032T 83.66 1684.2 162.7 0.0717 82.78 21.87 21.2 17.1 548048. 76.33 77.38 0.99 6.80 10627. 104871. 1.5 973.
R-717-033T 86.73 171.7 171.2 0.0722 85.53 21.52 9.8 7.9 25366. 76.05 78.20 2.12 9.61 10588. 104833. 1.4 686.
BR-717-034T 88.54 177.2 176.% 0.0726 87.17 21.60 7.6 6.1 19669. 76.13 78.91 2.76 11.02 1058&. 10457. 1.2 598.
R-717-035T 91.54 186.2 185.2 0.0729 90.02 21.60 5.8 8.8 18212, 76.20 80.04 3.83 13.42 10518. 10414, 1.0 488.
R-717-036T 94.99 196.7 195.7 0.0731 93.12 21.56 3.9 3.2 10277. 175.92 81.16 5.28 16.45 10418. 10248. 1.6 395.
R-717-037T 79.93 153.7 152.8 0.0858 78.47 13.79 38.0 27.484 86708. 76.11 76.62 0.82 3.56 68 80. 7056. 6 1204.
R-717-038T 80.75 155.7 155.0 0.0455 79.184 13.69 21.0 16.9 537C€2. 76.23 76.93 0. 65 8.17 6819. 6778. 6 1018.
R=717-039T 83.08 161.7 161.1 0.0453 81.17 13.61 9.8 7.9 25365. 76.45 77.81 1.38 5.91 6745. 6570. 6 710.
B=T717-040T 84.11 164.7 164.0 0.0857 82.22 13.69 7.5 6.1 19386. 76.33 78.09 1.75 6.90 6769. 6562, 1 611,
R-717-041T 85.88 169.7 168.8 0.0454 83.66 13.58 5.4 4.4 13973. 76.28 78.72 2.4848 8.38 65690. 6563. 9 498.
R=-T717-042T 88.23 176.2 175.5 0.0453 85.71 13,51 3.9 3.2 10202. 76.31 79.61 3.30 10.27 66 23. 6456. 5 402.
BR-717-043T 79.55 152.7 151.9 0.0358 78.01 10.79 38.0 27.84 87165. 76.56 76.99 0. 3% 2.77 5387. 5750. 7 1210.
R-717-0447T 80.57 155.2 154.5 0.0358 78.95 10.76 21.0 16.9 58188. 77.00 77.57 0.50 3.29 5362. 5291. 3 1016.
R=717-045T 82.10 159.7 158.5 0.0358 80.35 10.62 9.8 7.9 25871. 76.91 78.00 1.06 4.65 5275. 5228. 0 707.
R-717-046T 83.03 161.7 161.0 0.0353 81.13 10.60 7.6 6.1 19708. 76.98 78.37 1. 38 5.35 5252. 5217. 7 611.
R=717-047T 84.28 166.2 164.4 0.0358 82.34 10.62 5.8 8.4 18020. 76.79 78.75 1.95 6.51 5249. 5256. 1 502.
R-717-048T 86.36 171.2 170.2 0.035% 84.00 10.59 3.9 3.2 10231. 76.86 79.51 2.68 8.18 5213. 5171. 8 397.
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Table D.13 (continued)

T P P F T F v Ty T AT AT A u
Run No. o ] sat c [ me w w.in w.out w Qc Qw
un No ©F) (psia) (psia) (8pm) CF) (bpfhy  (gpm)  (fu)s) Re °F) 32 °F) °F) (Btu/h) (Bw/h) (%) hff?:',‘:/ﬂ

B-717-0497T 80.70 155.7 158.9 0.0708 80.12 21.26
8-717-0507 82.33 159.7 159.2 0.0707 81.57 21.19
R=-717-051T 85.56 169.2 168.0 0.0705 843.80 21.06

8. 85117. 78.56 75.30 N.65 5.77 10590. 10958. - 1143,

1.

9.
R-717-0527 87.85 175.2 178.8 0.0712 86.72 21.19 7.

5.

3.

7.4 3.5

6.9 53009. 75.05 76.09 0.98 6.76 10520. 10288. 2.2 970.
7.9 28868. 75.08 77.19 2.08 9.43 10382. 10173. 2.0 686.
6.1 2.0
4.8 1.0
3.2 1.1

NWw

19536. 75.63 78.33 2.69 10.86 10396. 10188. 59 6.
13930. 75.36 79.16 3.80 13.26 10380. 10235. 386.
10209. 75.81 80.62 5.21 16.33 10298. 10189, 393,

R-717-053T 90.52 183.2 182.2 0.0714 89.15 21.19
R=717-05471 98.38 194.7 193.7 0.0721 92.69 21.28

00T



Table D.14. Experimental data for ammonia condensing on Tube V (vertical)

p

P

Fe

Te

Fw

Tw.out

AT,

AT

Q¢

Q

u

v sat m w.in w

Run No. b e N T S R Re B eh CRH R Bu/h Bl ) h:%ﬂ@)
R-713-001v 88.49 176.7 176.3 0.0715 87.87 21.26 38.3 32.3 B2389. 68.87 69.60 0.63 19.26 10617. 10786. -3.2 276.
R-717-002v  90.05 181.2 180.8 0.0717 88.84 21.29 21.0 19.8 50458. 68.77 69.81 0.99 20.76 10401. 10481, —0. 4 255.
B-J17-003v  9.52 195.2 198.3 0.0720 92.91 21.25 9.8 9.3 23900. 68.97 71.06 2.07 28.51 10278, 10213, 9.6 21a,
B-717-004v  96.70 201.7 201.1 0.0719 94.89 21.15 7.5 7.1 18394. 68.96 71.68 2.72 26.38 10179. 10247. 0.9 197,
RI717-005v 100.18 2137 212.4 0.0718 97.92 21.02 5.3 5.0 13156. 69.15 72.88 3.73 29.16 10041. 9969, 0.7 176.
B-717-006V 108.13 226.7 225.9 0.0716 101.37 20.85 3.9 3.7 9636. 68.82 73.91 5.07 32.76 9867. 9888, 01 1584,
B-717-007v  82.46 160.2 159.5 0.0265 80.91  7.9% 34.3 32.3 89859. 75.45 75.78 0.28  6.8%  3942.  80S6. -2.9 294,
R-717-008v  83.25 162.2 161.6 0.0262 81.37 7.86 21.2 20.0 55385. 75.58 75.95 0.38 7.50 3894, 3966, —- 9 265.
B-117-009v  84.82 166.7 165.9 0.0265 82.78 7.95 9.8 9.3 25706. 75.25 76.08 0.82 9.15 3920, 8054, -3.3 219,
B-I11-010v  B5.38 168.2 167.4 0.0265 83.29  7.91 7.5 7.1 19682. 74.88 75.96 1.07 9.95 3308. 8023, —3.3 200.
ESTAI010Y  86.67 1717 1711 0.0261 84.12  7.81 5.4  S.1 18221. 74.95 76.36 1.80 11.02 3543, 3812, 0.8 178.
B-717-012v  88.62 177.2 176.6 0.0263 85.75 7.83 3.9 3.7 10210. 78.91 76.91 1.99 12.71 3836. 3876, -1 9 154,
R-717-013v  87.73 175.2 178.0 0.0501 B6.64 14.92 38.3 32.3 88511. 78.53 75.06 0.88 12.93 7323. 7568, <3.3 289.
R-717-014v  89.05 179.2 177.9 0.0503 87.77 14.95 21.0 19.8 Sa4i5. 74.75 75.48  0.69 13.93 7318. 7271, 0.8 268.
RTAT01SY 91.31 187.7 186.3 0.0505 90.31 14.96 9.8 9.3 25591. 74.58 76.05 1.87 16.59 7279. 1228, 0.8  aou:
B-J17-0167  93.52 192.2 191.2 0.0505 91.77 14.93 7.6 7.2 19820. 74.67 76.55 1.86 17.91 7236. 7068, 2.3 o6
RoJ17-017v 96.08 200.2 199.2 0.0505 94.11 14.86  S.4  S.1 18172, 74.79 77.a1  2.61 19.98 7163, 7023. 2.0 3183
B-717-018V  99.15 210.2 209.1 0.0503 96.70 14.76 3.9 3.7 10368. 78.95 78.47 3.52 22.48 7066. 6878 3.1 161.
RIIiIoisY  87.65 175.2 173.8 0.0562 86.83 17.33 3.3 32.3 85797. 72.12 72.71  0.49 15.23 8509. 8836. 0.9  285.
RZ717-020v  88.77 178.2 177.1 0.0580 87.91 17.28 21.3 20.1 53276. 72.0C 72.83 0.79 16.36 Bu42. 8206, 0.4 203
B-717-021%  92.08 187.7 186.8 0.0575 90.77 17.01 9.8 9.3 24790. 72.03 73.73  1.69 19.20 8275. 8286, o1 220.
R-711-022v 93.78 193.2 192.0 0.0572 92,27 16.91 7.6 7.2 19181. 72.02 Ta.17  2.18 20.69 8191. 8118, 0.9 202.
R-J17-023v  96.48 201.7 200.8 0.0568 94.87 16.71 5.4  S.1 13849. 72.15 75.07 2.92 22.86 8048. 7937, 1.8 180.
R=717-0247  100.50 218.7 213.5 0.0570 98.15 16.68 3.9 3.6 989a. 72.01 76.16 4.18 26.42 7963. 7993, 0.4 154,
B-717-025v  86.51 171.7 170.6 0.0681 85.72 19.12 34.3 32.3 82322. 68.88 69.58 0.56 17.30 94 11. 9581. -1.8 277.
R-J17-026v 87.97 175.7 178.7 0.0641 87.01 19.08 21.0 19.8 S50491. 68.87 69.81 0.90 18.63 9358. 9888, —0.9 256.
R-717-027v  91.83 187.2 186.1 0.0682 90.31 19.01 9.8 9.2 23738. 68.78 70.69 1.88 22.09 9250. 9280, 0.0 218,
R-717-028v  93.60 192.7 191.5 0.0643 92.09 18.99 7.6 7.2 18400. 68.63 71.07 2.83 23.75 9203. 9232, -o-9 198.
R-717-029v  96.79 202.2 201.4 0.0636 94.73 18.73 5.8 S.1 13319, 68.88 72.22 3.3% 26.24 9013. 9091, —0.9 175.
B=717-030V  100.79 215.2 21%.5 0.0637 98.36 18.65 3.9 3.7 9665. 66.92 73.50 4.57 29.58 8897. 8988, o 6 153.
BTNy Ba.n9 165.7 165.0 0.0335 82.98 10.03 34.3 32.3 89538. 75.49 75.88 0.30 8.81 4955. 5219. -5.3  287.
B-131-032v  85.50 168.7 167.8 0.0335 83.66 10.02 21.0 19.8 S4988. 75.67 76.18 0.88 9.58 4939, 5018, -1.6 o1
B-T17-033v  87.88 174.7 173.4 0.0336 85.31 10.03 9.8 9.3 25821. 75.50 76.53 1.03 11.47 4925. 5082, -2.8 219,
B-717-034v  88.66 177.7 176.7 0.0338 86.45 10.06 7.6 7.2 19975. 75.55 76.87 1.31 12.85 8930. 2952, -o.4 202.
R-717-035V  90.10 181.7 180.9 0.0333 87.81 9.89 5.8 S.1 18381, 75.82 77.20 1.77 13.79 4831. 8810, 0.8 179.
B-717-036v  92.82 189.2 187.8 0.0333 89.59 9.88 3.9 3.7 10359. 75.80 77.88 2.48 15.78 4803. 2848, -0.9 155.
B-717-037V  86.07 170.2 169.% 0.0801 83.97 11.98 3.3 89400. 75.38 75.79 0.36 10.51 5901. 6177. -8.7  286.
R=717-038Y  87.17 173.2 172.5 0.0806 85.02 12.11 21.0 58803. 75.35 75.97 0.59 11.50 5989. 6171. -3.7 264,
B-717-039Y  89.80 180.7 180.0 0.0403 87.27 12.00 9.8 25874.  75.57 76.78  1.21 13.63 5866. 5961. ~1.6  220.
R-717-040V  91.08 184.7 183.8 0.0805 88.38 12.02 7.6 20002. 75.53 77.11  1.56 14.76 5856. 5922. -1.1  202.
R-717-0817  93.08 190.7 189.9 0.080¢ 89.96 11.97 5.4 14800,  75.57 77.69 2.11 16.46 5806. 5729. 1.3  180.
R-717-042V  95.96 199.7 198.8 0.0803 92.88 11.89 3.9 10381.  75.72 78.70 2.97 18.78 S732. S5783. -0.9 156,

T01






103

Appendix E

SI CONVERSION FACTORS

An attempt has been made to present all key tables and figures in
dual units (ACU and SI). The following conversion factors may be used to

convert from ACU to SI units:

To convert from To Multiply by
Btu/h v 0.2929
Btu/h-ft2 W/m2 3.152
Btu/h-ft-°F W/m-K 1.730
Btu/h-ft2-oF W/m2-K 5.675
Btu/lbm J/kg 2.324 x 103
Btu/lbm'°F J/kg-K 4.184 x 103
ft m 0.3048

ft2 m2 0.0929

ft/h? m/s?2 2.35 x 108
ft/s m/s 0.3048

gpm m3/s 6.309 x 10-5
in. cm 2.54

lbf/ft N/m 14.59
lbm/ft3 kg/m3 16.02
lbm/h'ft Pa-s 4.134 x 10—+
lbm/h°ftz Pa-s/m 1.356 x 103
psia Pa 6.895 x 103
A(°F) A(K) or A(°C) 0.5556

Temperature conversion: T(K) = 5/9 x [T(°F) — 321 + 273.15
T(°C) = 5/9 x [T(°F) — 32]
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