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ABSTRACT

BLAST simulates the high temperature gas cooled reactor reheater-
steam generator module with a multi-node, fixed boundary, homogenous
flow model. The time dependent conservation‘of energy, mass, and mo-
mentum equations are solved by an implicit integration technique. The
code contains equation of state formulations for both helium and water
as well as heat transfer and friction factor correlations. Normal
operational transients and more severe transients such as those resulting
in low and/or reverse flow can be simulated. The code calculates helium
and water temperature, pressure, flow rate, and tube bulk and wall
temperatures at various points within the reheater-steam generator
module during the transients. BLAST predictions will be compared with
dynamic test results obtained from the Fort St. Vrain reactor owned by
Public Service of Colorado, and, based on these comparisons, appropriate
improvements will be made in BLAST. BLAST is written in FORTRAN IV for

the IBM 360/91 computer at the Oak Ridge National Laboratory.

Keywords: gas cooled reactors, dynamic response, programs (computer),

once-through steam generator.
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TABLE OF NOMENCLATURE

Symbols

A flow area (ftz)

C conductance (Btu/sec-°F)

cp specific heat capacity at constant pressure (Btu/lbm-°R)
c, specific heat capacity at constant volume (Btu/lbm—°R)
DH hydraulic diameter (in.)

€ tube surface roughness (in.)

fRe friction factor

g acceleration of gravity (32.2 ft/secz)

8, conversion constant (32.2 lbm—ft/secz—lbf)

H specific enthalpy (Btu/lbm)

h convective heat transfer coefficient (Btu/sec—ft2—°F)
k tube conductivity (Btu/sec-ft-°F)

L flow length of node (ft) ;

M mass (1bm)

N number of water nodes, number of tube nodes

N* number of helium nodes |

Nu Nusselt number '

P pressure (psia)

Pr Prandtl number

Re Reynolds number

Rin tube inner radius (in.)

Rout. tube outer radius (iﬁ.)

o density (1bm/£t3)



T temperature (°F)

t time (sec)

At calculational time step (sec)
U internal energy (Btu)

u specific internal energy (Btu/lbm)
v specific volume (ft3/lbm)

W mass flow rate (1lbm/sec)

z axial height (ft)
Superscripts

w denotes water node variable
h denotes helium node variable
t denotes tube node variable

Shbscrigts

i, j or k water or tube node index

i*, 3%, k* helium node index

f , denotes saturated liquid property
g denotes saturated vapor property
SAT denotes saturation property

out nodal outlet

in nodal inlet

I index denoting table entry

e

v



ty

BLAST: A DIGITAL COMPUTER PROGRAM FOR THE DYNAMIC
SIMULATION OF THE HIGH TEMPERATURE GAS COOLED
REACTOR REHEATER-STEAM GENERATOR MODULE

. R. A. Hedrick J. C. Cleveland

INTRODUCTION

BLAST was developed specifically to predict the.dynamic response of
the high temperature gas cooled reactor (HTGR) reheater-steam generator
module for use in a system response code for the HTGR pl;nt. A typical
HTGR reheater-steam generator module, developed by the General Atomic
Company, is shown in Figure 1. The HTGR utilizes a once-through steam
generator. The code is not limited to the specific design shown in
Figure 1 and can be used to simulate different designs with appropriate
input description. The version of BLAST described heré is the component
simulation. Slight modifications are required to incorporate this com-
ponent simulation into a‘system(response codé.

This report contains a derivation of the integration technique used
to solve the conservation equations, a discussion of the heat transfer
and friction factor calculations, and of the equation of state formula-
tion both for helium and for water, an input description and a sample

problem. A FORTRAN IV listing or deck is available upon request.

STEAM GENERATOR DESCRIPTION

Identical reheater-steam generator modules are located in symmetric

cavities within the prestressed concrete reactor vessel (PCRV) of the

"HTGR. The 2000 MW(t) HTGR contains four such modules, and the 3000 MW(t)
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plaﬁt contains six. Each module is composed of reheater and main steam
tube bundles arranged as shown in Figure 1. The heat exchanger bundles
consist of multistart coils wounq in a helicél arrangement. Hot helium
enters the reheater near the bottom of the module, flows down over the
reheater tube banks, up through a central duct, and down over the main
steam bundle. The reheater tubes are coiled upward and then downward
so that the reheat steam flow is initially countercurrent énd then co-
current to the helium flow. The water—steém flow in the main steam
bundle is upward, countercurrent to the helium flow. Further design
details of the module shown in Figure 1 are indicated in the input to

the sample problem (Appendix B).
CONSERVATION EQUATIONS

BLAST solves.the conservation of energy, mass, and momentum equa-
tions for both helium and water and the conservation of energy equation
for the tube in nodal form. Figure 2 shows schematically a.nodal ar-
rangement representing the design shown in Figure‘l.‘ Since a more
detailed nodal structure.is often desirable on the water side than on
the helium side, the code allows for more than one tube metal node to
receive heat from ; given helium node. Each tube pode‘must'have one
associated water node. As many as twenty water nodes, twenty helium
nodes, and twenty tube nodes may be used to represent the four sections—
reheater, economizer, evaporator, and superheater —of the reheater-steam
generator module. Another version of the code has been developed which
allows as many as 100 water nodes, 100 helium nodes, and 100 tube nodes
and allows parallel flow paths. This version yields nodal temperatures

and pressures in sufficient detail for input to stress analyses.
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Figure 3 shows a general case in which three tube nodes receive

heat from one helium node.

are as follows:

.

Conservation of energy:

(rate of change
of nodal inter-

nal energy)

where HV is the inlet

W — HoWY +

ji k]
(net rate of en-
ergy flow into
node via trans-
port)

c‘f’[TF - T‘?’] ,
Jv ] J
(rate of energy
transfer via

convection and
conduction)

The conservation equations for water node j

(1)

enthalpy to water node j, and C?, the conductance -

the water node, is given by

from the tube node to
2mR, LY
oV - in,j j
. B bl
R .
in, 3% (Ry/Rin, ) + 1
k, hY
i ]
= Rin j out, j
with R, = ——2d X
J
Conservation of mass:
dMg W - W
at - Wy - Wy
(rate of change (mass flow rate (mass flow rate
in nodal mass) into node) out of node)

Conservation of momentum:

(rate of change
of momentum of
fluid in node)

144gcA‘Jf’ [P‘J‘.’ — P:]

(net force on fluid
in node due to pres-
sure difference)

w w
VA

. T 2, .
“out,j in,j

w w
"ngj[

(gravitational force
on fluid in node)

(2)
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: i) ) _ 3173173
£ . (3)
prw prw Re DH 3 42prw .
ii iJ ’ jJ '
(rate of momentum inflow (drag due to frictional

— rate of momentum outflow) force)

Note that changes of kinetic and potential energy have been neglected

in the conservation of energy equation.

The water node pressures and temperatures are considered to be

functions, of internal energy and mass, i.e.,
-

f

pY ='PV[UV,MV] and TV = TV[UV,MV]
LI A 3

19

Since the typical nodal description shown in Figure 2 allows more

than one tube node to transfer heat with the helium node, the conserva-
tion of energy equation for the helium node j* is:

Conservation of Energy:

v
L L AP Ly ~ E oh [Th —-TtJ (4)
sk ek X s %k s X s X b
dt j*i .kA 3 61,5,k 17003 Q

(rate of change (net rate of ener- " (rate of energy transfer
of nodal inter- gy flow into node " via convection and con-
nal energy) via transport) duction)
where Ch the conductance from helium node j* to tube node 0 (with

j*,a

oa=1i, j, or k) is

T . o
. oh _ 21TRout,aLamT)u
=% = 3
I%,a Rout,aln(Rout,a /E&) + 1
ka ph
g%



where L; is the length of tubing in tube node 0, and (NT)a is the number .
of tube coils which receive heat from the helium node. The summation
over i, j and k accounts for the fact that in the typical configuration
shown in Figure 3, three tube nodes transfer heat with one helium node.
The conservation of mass and;momentum equations for helium node j*
are similar to those for water noae j. They are given below for later
reference.

Conservation of mass:

dM?* h h
= W, - W, - (5)
dt 1* J* X
(rate of change (mass flow rate (mass flow rate
in nodal mass) into node) out of node)
Conservation of momentum: B
h dw?* h(h Lk h b (h h '
= — —_ < _Z
Lj t 144gcAj*[Pj* Pk*] pj*gAj*[zout,j* in,j* +
(rate of change (net force on .fluid (gravitational force
of momentum of in node due to pres- on fluid in node)
fluid in node) sure difference) :
2 h h-[ . h
W. ] 121, W, }W,
[ J [ j* £ g* L g*l g% (6)
h ,h h Re |D h h '
Piatrix Py *AJ* H,j* 2p, * i*
(rate of momentum in- (drag due to fric-
flow — rate of momentum tional force)
outflow)

The helium nodal pressures and temperatures are considered to be functions

of nodal internal energy and mass, i.e., .
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]

att , o ,
t £ 9y h {h t] w[t w}
M. c = c,, .|T., — T, - C.T, — T, . 7
i pydt : i%3ti* o3 : S3Ud ] )
(rate of change " (rate of heat trans- (rate of heat trans-
of internal ener- fer from helium by fer to water by con-
gy in tube node) - conduction and con- duction and convection)

vection)

HEAT TRANSFER CORRELATIONS, FRICTION
FACTOR CORRELATIONS AND TUBE PROPERTIES
In order to solve the conservation equations (Eqs. 1-7), values for
convective heat ‘transfer coefficients on both the helium and water side
and the tube properties, p, cp'and k must be obtained. To obtain the
convective heat transfer coefficient on the helium side, BLAST uses the

modified Grimison correlation® for helium flowing over banks of tubes:

Nu = B(Re)™(Pr/0.69)0°33 |

where B and n are tabulated in Reference 1 as functions -of the transverse
and longitudinal pitch to diameter ratios. These functions are stored
in the code.

For the helium side friction factor, the code uses correlations?
for flow over banks of tubes based on the transverse and longitudinal

pitch to diameter ratios and the Reynolds number. Allowance is made -

for tube arrangements that are partly inline and partly staggered by
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weighting the correlations for inline tubes and staggered tubes appro-
priately.

Various correlations are used to determine the heat transfer coef-
ficient on the water side depending on the water flow regime. These
correlations are listed in Table 1. The correlations for departure
from nucleate boiling (DNB) flux, also given in Table 1, are used as
trips to determine wheh two phase correlations beyond DNB rather than
the nucleate boiling correlation should be applied. Trips from other
flow regimes are based on quality (e.g., from film boiling to superheat
forced convection) or on a comparison of tube wall to bulk fluid temper-
ature drop as calculated by correlations for adjacent flow regimes.

For example, if a Dittus-Boelter correlation in the subcooled forced
convection flow regime results in a tube wall to bulk temperature drop
greater than the Thom nucleate boiling correlation, but the DNB flux
has not been exceeded, the nucleate boiling heat transfer correlation
is used.

Friction factors on the water side are obtained from fits to the

12

Fanning friction factor curves. In the two phase regions, Martinelli-

'3 or Thom modified Martinelli-Nelson two

Nelson two phase multipliers
phase multiplierslu are applied depending on the pressure. The curva-
ture effects for helically wound tubes are also taken into account
based on informatior in Reference 1.

Presently the code contains density, conductivity and specific heat
for three tube types: Carbon steel (SA—Zlb—Al), Incoloy 800 and Croloy

(SA-213-T22). Properties for other tube materials could easily be added

by the user if necessary.

L

i



Table 1. Heat transfer and DNB flux correlations*

Regime

Correlation

Subcooled forced convection

Two phase

a. Nucleate boiling
(subcooled and saturated)

b. Transition boiling

c. Film boiling

Superheat forced convection

Dittus-Boelter

Thom?

McDonough-Milich & King"

Dougall Rosenhow®

or
Groeneveld®

or
Morgan7'(for-low flow)

Dittus-Boelter

DNB flux

w-3°, Jansen-Levy®

or
B&W—21°, Barnett11

*These correlations were chosen on the basis that they
are acceptable for emergency core cooling system evaluations
for light water cooled reactors (10-CFR-50, Appendix K).
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STEADY STATE SEARCH TECHNIQUE

At the beginning of each run, the code performs a steady state
search. The flow rate in each node is input equal to the specified
inlet flow rate so that fhe steady state conservation of mass equations
(2) and (5) are automatically satisfied. Starting with initial guesses
at nodal pressures and enthalpies, the code determines g%-for eaqh
helium and water node by evaluating the right hand side of the momentum
equations (3) and (6). Unless the correct steady state values of nodal

enthalpies and pressures have been supplied will not be zero. Begin-

v
’ dt
ning with the inlet nodes to the reheater and main steam bundle, the code
next adjusts the nodal pressures so that this time derivative is zero for .
each node. Using these adjusted pressures and the original enthalpies,

the above process is repeated (i.e. is computed for each node from

daw
> dt
equations (3) and (6) and the nodal pressures readjusted to force %%-to
equal zero) for the new states until nodal pressures converge.

Next, a guess at nodal tube temperatures is made so that the temper=
ature dependent tube conductivity can be estimated. Heat transfer coef-
ficients for helium and water nodes are also calculated so that the nodal
heat fluxes can be found. These nodal heat fluxes, along with the inlet
flow rates and enthalpies to the reheater and main steam bundle are then
used to determine nodal outlet enthalpies, assuming steady state. The
average nodal enthalpies are then determined and compared with the
previous éuesses of nodal enthalpies. If they differ by more than a
preset convergence criteria, the code repeats the iteration on nodal

pressure discussed in the previous paragraph using the new values of

nodal enthalpy. This iterative technique is continued until convergence
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is achieved on helium and water nodal pressures and enthalpies and on

nodal tube temperatures.
INTEGRATION TECHNIQUE FOR TRANSIENT SOLUTION

Defining N to be the number of water nodes and the number of tube
nodes and N* to be the number of helium nodes, the conservation equa-

tions (1-7) can be written in state variable form as

y) = fly(e)l , : (8)
where y is the 4N + 3N* column vector of state variables:

\"/ W W W w t t .h h h h _h h

.. .. .. s T LU U M ..,Mn*,wl,..,wn*J ,
and f[y(t)] is the 4N + 3N* column vector of functions determined by the
right-hand sides of equations (1-7). The value of the nth state variable
at time t + At, where At is the computational time step, can be written

in terms of state variables at time t by a linearized implicit formula-

tion:

dyn(t+At)
y, (e+dt) =y (t) + (At)—=— , (9)
where, using Eq. 8,
dyn(t+At) d
= = £ [y(t+at)] 2 £_[y(©)] + (BO)Sf [y(0)] . (10)
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Applying the chain rule to the llfn[zﬂt)] term gives

dt
4N+3N*
dy_(t+At) —OE [y dy (&)
T = fn[z(t)] + (At) E 3y T . (11)
m=1 m
dy_(t) y (tHde) —y (t)
Approximating Tt in Eq. 11 by s and substituting
Eq. 11 into Eq. 9 gives
4N+3N*,,
" Hf_[y ()]
by, e D FRT = or x®)]) (12)
m=1 m

where Ayn = yn(t+At) —~yn(t)
This equation can be written in terms of the Jacobian matrix, i[z(t)],

as

[1- oy = @ofly®] ,

3f2

where I is the identity matrix, and the 2mth element of J is 5 .
Ym
Next, each of the conservation equations (1-7) is cast in the form

of Equation 12. For example, the conservation of energy equation for

water node j (Eq. 1) becomes,

Y I I oT" Y 3TV Y av” ()
— — + _ —- - ]
AUY — (at) [HyAWY - HAWS + CY AT anAUj —-J-AaM. M, (At)—-ldt (13)

Note that the two partial derivitive terms appear because the nodal
W, . ,
water temperature, Tj’ is considered to be a function of the state

variables, U? and M?. Note also that H? and H:, the nodal inlet and
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outlet enthalﬁies, and C?, the conductance from the tube node to the
water, have been assumed constant during At so that, for instance, there
is no 8H§)/3U; term in Equation 13. Inlet and outlet enthalpies and
conductances are recomputed at the end of each time step.

Writing the momentum Equations (3) and (6) for water and helium in

- .. 9P 3P 3p 3p o

the form of Equation (12) introduces 30° oM’ B5U° oM terms. However,
terms containing the derivatives of density are orders of magnitude
smaller than terms containing tﬁé derivatives of pressure and are,
therefore, neglected. Also, the friction factors are assumed constant
during At and are'recomputed at the end of each time step.

When all of the conservation Eqﬁations (1-7) have been written in

. - ‘ . , . .. w w w
the implicit form of Equation (12), terms containing AU, AM , AW,
BTY/BU, BTW/BM, BPY/BU, and BPV/BM'for water nodes, similar terms for
the helium nodes, and AT® for the tube nodes have been introduced. The

w h w h . .

AU", AU, AM, and AM terms can be eliminated from the 4N + 3N* equa-

tions by algebraic manipulation, leaving a 2N + N* system of equations

that may be written

v=>0b, : (14)

Ii>

where v is the 2N + N* column vector

w w t t h aeh
Awl""Awﬁ’ATl""ATN’Awl""AwN*

A and b are determined by the values, at time t, of heat transfer coef-

ficients, tube properties, friction factors, enthalpies the derivatives



16

of pressure and temperature with respect to internal energy and mass and
the values of tﬁe right-hand sides of the conservation Equations (1-7).
Once the components of A and b have been determined, Equation (14) is
solved by inverting A. From the resulting values of AW® and Awh for

the water and helium nodes and ATt for the tube nodes AUW, AUh, AMW,

AMh can be determined by back substitution into the conservation equa-
tions which were written in the form of Equation 12.

Résults obtained using the implicit integration technique described
above agree quite well with results obtained using an explicit Euler
integration technique. For HTGR transients, which tend to be "slow'—
from a few minutes to an hour or two in duration— the implicit integré—
tion techniqué is judged superior since explicit techniques are limited
to small time steps by stability considerations. A discussion of the
stability and error propagation for the implicit technique is given in
Reference 15.

The version of the code which allows up to 100 helium nodes, 100
water nodes, and 100 tube nodes to provide the detailed temperature and
pressure distributions required for stress analysis employs the expiicit
integration technique. The implicit technique is not suitable for simu-
lations using this large number of nodes because it requires inversion
of the A matrix (Eq. 14).

EQUATION OF STATE AND THERMODYﬁAMIC
TRANSPORT PROPERTIES - HELIUM

In order to calculate terms in the A matrix and the b vector in

Equation (14), the helium state and thermodynamic transport properties

must be found. The solution at time t yields values of U(t) and M(t)
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for each helium node. From internal energy and mass, the code determines

temperature and pressure and their derivatives with respect to internal

energy and mass as well -as the transport properties |, cp and k. The

helium nodal temperature, in degrees Rankine, is found by

T=2y, (15)
Cc
Y

where u is specific internal energy (Btu/lbm-°R) and c, is the specific
heat at constant volume (.75 Btu/lbm-°R). Nodal pressure follows from

the helium equation of state (Ref. 16).

b=—a—, (16)

where A and B are constants. The derivatives of temperature with respect

to internal energy and mass are found from Equation (15):

oT| _ 19T _ 1
U M M 3du 0 McV
and
aT| _ 13T
oM U V op up
_1dT du
V du a9p up
_ 1 2 [up)
= v~ A"~ |TAT 3
chap. o} up

S [5] . | 7).
v
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The derivatives of pressure with respect to internal energy and mass

are obtained as follows:

op| _ 13| _1gdrae
U M du M du 9T
M p p
From Equation (16)
op| _P°MB _1.24] ,
an T_pT T12
SO ’
2
221 __1 P°lB _1.2A (18)
U y Me, TpT ol-2
Finally
2| _ 1)
BMU \ pup
Equations (15) and (16) can be combined to give
R
P = )
Be A(pc )1°2
v _ "~
pu (pu)l'2
and it follows that
2
9Pl _PT (1.2)A . . (19)
oM U \Y pT1.2

The thermodynamic transport properties are obtained from the fol-

lowing fits to data in the indicated references

5.9178 x 10_4T0'7(1bm/ft—hr) , (Ref. 16) ,

1.29 x 10 370-674 4 g 15 x

=
]

o~
]

he
4 .
107 — 14.69) 2 28 (Btu/hr-£t-°R) , (Ref. 17) ,
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_ Btu
,Cp —‘1.246215;3§ > (Ref. 16).’

1

where T is in degrees Rankine, and P is psia.

EQUATION OF STATE AND THERMODYNAMIC
TRANSPORT PROPERTIES - WATER
Determining the state and transport properties for each water node
is somewhat more involved than for helium. The water equation of state
is determined by data from the 1967 ASME Steam Tables (Ref. 18), that is
stored in BLAST in tabular form. For a series of vélues of saturation
pressure the tables contain the corresponding values of pf, P, e, ug,

g

and TS . In the subcooled region the code also stores

AT

du
3P

. oh
> 9P
p

aT) 4
9 aP ’
o P

and in the superheat region, the code stores

dh
> 9P
P

aP

Ju

._a_rr_ i
> 9P|
o P

This information was obtained from References 19 and 20. The thermody-
namic transport properties of viscosity, conductivity, specific heat and
Prandtl number are determined from fits to the 1967 ASME steam tables.

The code applies interpolation and iteration techniques to calculate
pressure, temperature and the required derivatives using the above infor-
mation from values of specific internal energy, u, and density, P, known
at time t. Imn the single phase regions the techniques are basically

those presented in Reference 20.
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The first step in the pressure search is to compare the density, p,
to the critical density, and the specific internal energy, u, to the

saturated specific internal energy, u T at the known density p. The

SA

value of u is calculated by interpolation on density. From this, it can

SAT

be determined whether the water is in a liquid, two phase or vapor state.
If the water is in the liquid phase, the saturation pressure, PSAT’
and the dérivative, %% at the known density; are determined by linear
interpolation on density from data stored in the tables. Theﬁ the pres-
sure, P, is found from
9P

P=Poar ¥ 30

; [u — uSAT] . (20)

The enthalpy follows since h = u + P/p. Nodal temperatures are next

determined using interpolated values from the tables of TSAT and %%
p

at the known density:

T=T + T [P—P

SAT aP 0 (21

SAT]

To calculate %% , recall that pressure may be considered a
up
function of specific internal energy and density, i.e.,

P = P(usp)

Let DI and 0141 be the densities stored in the tables that bracket the
known density, P, as shown on the constant density lines in the pressure-

enthalpy diagram, Figure 4. Values of pressure at densities pI and pI+1

N

o
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with a constant product of internal energy and density are determined

oP
P[“’DI] = Psar,1 t [“ “SAT,I}B_u ’ (22)
P1
and
p[1 P e 3P (23
oreq * PrH1| T Fsar,rn T lE T Usar,reafau| )
I+1 41

where the variables subscripted with I and I+l are found in the tables.

up .

Then p I . P —P(u,p0
pI+1 I+1 I

= . (24)

up Pre1 7 P1

op

is calculated next using the values of pressure,

_ up
determined in Equations (22) and (23), and values of T
oT 9T X
3P and 3 from the tables, i.e.,
P1 P11

The value of EI
9P

SAT,I’ TSAT,I+1’

-

_ 3T
T(u,pp) = Tgap 1 + apl E’(“’DI] PSAT,IJ ’
P1
and

. S SRR I , ar o[ 2P
’
P14 I+1 SAT,I+1 = dP 0 0

> -°1+1] ~ Poar, 141
+1 -\

I+1

up,

T s P '— T(u9p ]
] DI+1 I+1 I
= . (25)

up P41 ~ P1

Then -

va

"
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The remaining temperature derivative ‘can be written

oT

oT| _ oT| 9P
du

~ 9P| du
P PP

(26)

Both of the terms on-the right-hand side can be determined by interpola~
tion on density in the tables.

A very similar techﬁique to that‘deécribed above for the state
search for the liquid phase is followed if the water is in the vapor
phase. : i ;

In the two phase region, a different search technique is used to
find temperature, pressure, éﬁd the required derivatives from known
internal enérg? and deﬁsity. Iferatiﬁg‘én nodal pressure, two Qalues
of pressure, Pa and P_, are found such that the-corresponding specific

B

volumes, v, and v_, bracket the known specific volume [V = %}, i.e.,

B
v <v<v, 6,
a

and are as close to v as desired, i.e.,
—-vl <€, (27)

where € is a preset convergence. The values of v, and v, are determined

B

from Pa and P_ by, e.g.,

B
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where u and v are known, and the saturation properties at Pa and P_ are

B

determined by interpolation on pressure using the tables. Having found

v, and v, which bracket v and satisfy the restrictions in Equation 27,

B

the pressure corresponding to the known u and v is found by interpola-

tion:
(PB —-Pa] . (28)

Now the saturation properties at P can be determined.

SP‘ oP aT

The required derivatives, e % up, o , in the two

up

phase region can now also be determined. The first of these is found

from the relation

3P| du Bp‘ )
SBl dul de) _ (29)
du 0 ap P P u
Since
3of __1avl _ 1 't
du P v2 ulp v2 ufg
and
2] -1 [V (30)
oP u o2 [PB —-Pa]
it follows that
o] V¢ [PB —'Pa]
Bul U [v — v ) : (1)
p fg |'B a
To find the other derivative of pressure, gg— » Eg. {(29) can be
up

combined with

]
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9P ap 3 (up) 4
ap up 3(up) |p oP 0
to obtain
3P 3P| _udP
ap up ap a  Pduly

The derivatives on the right-hand side come from Equations (30) and (31).
Since temperature in the two phase region is a function of pressure
only, the derivatives of temperature follow from the derivatives of

pressure in the following way:

aT [QI] £l
. b
90 up dp SAT 9p up
and
ar [ﬂ] 3P
b4
du | dp SAT du P
where
{g] . Tsar, 1~ Tsar,11
dPJsar  Fsar,r T Pear, 11
PSAT,I and PSAT,I—i are the pressures in the tables that bracket P, and
TSAT,I and TSAT,I—l are the corresponding saturation temperatures.

‘SAMPLE CALCULATION

The sample calculation presented in this section is intended to
illustrate the use and features of BLAST. This calculation simulates

the dynamic response of the reheater-steam generator module to a reactor



26

trip from 100% power. The nodal arrangement shown in Fig. 2 was used
for this sample problem. Time dependent boundary conditions required

as input to the component simulation were derived from printout to a
sample problem supplied with the General Atomic TAP program21 which
simulates the HTGR nuclear steam supply system. Input instructions for
BLAST are given in Appendix A, and a listing of the user suppliéd sub-
routines, the input data card images and sample transient printout for
this sample calculation are given in Appendix B. Plots generatéd by
BLAST for the reactor trip are iﬁcluded in this section. The IBM 360/91
CPU time reqﬁired for this sample calculation was 0.2 sec/time step.

A description of the event sequences corresponding to reactor cool-
down using the reheater-steam generator modules following a reactor trip
is given in Reference 22. The sequence of events for this sample problem
are quite similar and are summarized below. éhe signal for reactor trip
causes the control rods to be rapidly inserted into the core. The plant
control system ramps the feedwater flow down to 25% at a rate of 0.5%
per sec as shown in Fig. 5. The helium flow (Fig. 6) is also reduced by
the plant control system during the initial part of the transient té
~27% and then increases as the control system increases the circulator
rpm in an attempt to maintain the main steam teﬁperature at a preset
value. Upon initiation of the reactor trip, the high pressure turbine
throttle valve area is decreased, resulting in an increase in main steam
pressure as shown in Fig. 7. Two minutes after the reactor is tripped,
a turbine trip occurs, and the steam generator outlet pressure rémains
essentially constant at 2603 psia as the steam is discharged to the main

steam bypass system.
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The reheater helium inlet temperature is shown in Fig. 8, and the
calculated steam generator helium outlet temperature is shown in Fig. 9.
This outlet temperature initially decreases with the decreasing inlet
temperature and then peaks again at ~370 sec due to the peak in the
helium flow rate (Fig. 6). The main steam outlet temperature is shown
in Fig. 10. The small oscillations shown here are due to changes in
flow regime, and the resulting change in the water side heat transfer
coefficients, in the evaporator and superheater nodes.. Note that wet
steam is emitted from the steam generator from ~385 sec to ~550 sec at
which time the steam generator is completely flooded.

To illustrate the capabilities of the code, the temperatures, heat
transfer coefficients, and heat fluxes for the first superheater section
shown in Fig. 2 (represented by nodes H 10, W 15 énd T 15) were plotted
in Figs. 11-17. Also the fluid quality, defined as [H — Hf)/{Hg - Hf], (
in water node 15 is plotted in Figs. 18-a and 18-b. Figures 12 and 18-a
show that this first superheater section contains wet steam of decreasing
quality from ~100 sec to ~490 sec. At 400 sec, the fluid quality has
declined sufficiently such that the flow regime changes from a film
boiling regime to a nucleate boiling regime with a considerably higher
heat transfer coefficient (Figs. l6-a and 16-<b). The resultant large
increase in heat flux (Figs. 17-a and 17-b) drives up the quality (Figs.
18~a and 18-b) causing a return to the film boiling regime. This lowers
the heat transfer coefficient and therefore the heat flux causing the
quality to decrease, thereby producing the oscillation in quality, heat
transfer coefficient, and heat flux shown in the figures. The oscilla-

tions in fluid quality in water node 15 from ~150 sec to 180 sec are the
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result of oscillations in the heat transfer coefficient in the upstream

node between film boiling and nucleatée boiling.
PLANS FOR FUTURE USE

The future uses of BLAST include analyzing other transients result-
ing from normal plant operation and from postulated accident conditions.
BLAST is currently being used to model the Fort St. Vrain reheater steam
generator module. Results obtained with this model will first be compared
with a linear model developed by the University of Tennessee and then
with FSV dynamic test results. BLAST ‘will also be used to analyze the
transient behavior of the steam generétor during postulated depressuri-
zation and partialAloss of forced circulation accidents. -

BLAST is being used to obtain information concerning pressures and
temperatures necessary for stress analyses on the General Atomic rede-
signed reheater-steam generator module for the Delmarva plant. Also,
BLAST has been incorporated into ORTAP, a system simulation code for -
the HTGR. A comparison of the modeling techniques used in BLAST ‘with
those used by General Atomic for the steam generator model in TAP?! will

be made once the TAP code is made operational at ORNL.
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APPENDIX A: INPUT DESCRIPTION

The input data required by the code is described below. Subroutines
wﬁich must be supplied by the user are described in Appendix B. The in-
put will be more easily understood if studied in conjunction with the
input card listing and initial printout of the sample problem in Appendix
B and with the nodal description for this sample problem shown in Figure
2. 1In deterﬁining a nodal arrangement such as in Figure 2, the user
should place nodal boundaries where the tube material or diameter changes.
Also, dividing a length of tube of a given material and diameter into
more than one node provides finer calculational detail and therefore more
accurate results.

The first entry on each datavcard is a card series number. The
data cards must be ordered numerically according to this series number.
The seties numbef is in format I10, and the remaining entries are in 10
column fields. |

CARD CARD
SERIES ~ FORMAT

10NN 110, 7D10.2 NN = 01,...,k where k< 9
Time interval and associated time step
information in ordered triplets: At(sec),
end of interval (sec), number of output
edits during interval. Up to twenty ordered
triplets are allowed.
The time step At should be chosen

less than nodal mass transport times,



CARD CARD
SERIES FORMAT

25NN

JONN 110, 4D10.2, 3I10

39

Mi/wi. The last card in series 10NN should

be blank in columns 71-80.
Optional series. See p. 49.

NN = 2*Nw-— 1 where NW = water node number
and (1 S,NW £ 20).

Columns 11-20: Water node NW pressure
guess (psia) fof steady state search.
Columns 21-30: Water nodg NW enthalpy
guess (Btu/lbm) for steédy state search.
Columns 31-40: Water node NW flow area
(ftz).

Columns 41-50: Tube length (ft) associated
with water node Nw.

Columns 51-60: Outlet position (1 = top,
0 = bottom) Note: If node is horizontal,
input 0 in column 60 and column 70.
Normally the code uses the height (ft) of
the associated helium node for the Az
factor in the static head term in the
water side momentum equation. However,
the user can specify tﬁe value of Az by
inputing, in integer form, 1000*Az in

columns 61-70.



CARD CARD
SERIES FORMAT
70KK 2110, D10.2, 2110

40

Columnrs 71-80: Number of helium hode
(Nh) which can transfer heat to this water

node.

KK = 2*Nw; Continuation of information on
card 70NN for water node Nw"
Columns 11-20: Tube type (Specify 1, 2,

or 3)

1 for carbon steel (SA-210-Al)

2 for Incoloy 800

3 for Croloy (SA-213-T22)

Columns 21-30: Number of tubes which
transfer heat with the helium node referred
to in columns 71-80 of previous card.

Columns 31-40: Upstream node number

]

(
(

201 for first reheater node)

230 for first economizer node.)
Columns 41-50: Downstream node number.
(= 215 for last reheater node.)

Use 216, 217,... for multiple reheater

exits.

(= 251 for last superheater node.)
Use 252, 253,... for multiple superheater

exits.

-



CARD

CARD

SERIES FORMAT

75LL

' 110, 4D10.2, 110,

D10.2, I10

41 -

LL = 2*N — 1
w

Columns 11-20: Mass flow rate (lbm/sec)

‘in one tube coil in water node Nw at

initial steady state conditions.

Columns 21-30: Tube inner radius (in.)

‘Columns 31-40: Tube outer radius (in.)

Columns 41-50: Tube hydraulic diameter

' (in.)

Columns 51-60: DNB correlation number

1 for user supplied correlation.

See card series 9101.

2 for W-3, Jansen, Levy. See card

series 9101.

3 for B&W-2, Barnett.
If 1, 2, or 3 is chosen, the code will not
return to nucleate boiling once DNB has

occurred.

4 for user supplied correlation.
See card series 9101.

5 for W-3, Jansen, Levy. See card

series 9101.

6 for B&W-2, Barnett.
If'4, 5, or 6 is chosen, the code will
return to nucleate boiling once DNB has

occurred.



CARD CARD
SERIES FORMAT
75MM I10, 3D10.2
80NN

110, 5D10.2, 2I10

42

Columns 61-70: Minimum heat transfer .

coefficient (Btu/hr—ft2-°F).

 Columns 71-80: Film boiling correlation

key.
(= 0 for Dougall-Rosenhow)

(= 1 for Groeneveld)

MM = 2*Nw; Continuation of information on
card 75LL for node Nw'

Columns 11-20: Constant friction factor
for node Nw' This friction factor is
added to that calculated from the Fanning
friction factor curves to determine the
friction losses. |
Columns 21-30: €/D (Roughness to diameter
ratio for tube; D = inner diameter)
Columns 31-40: Relative curvature of
tubes associated wi;h water node Nw'

(Input 0.0 for straight tubes).

NN = 2*Nh — 1 where Nh = helium node num-

ber and (1 £ N, < 20).

h

Columns 11-20: Helium node Nh pressure

guess (psia) for steady state search. -
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CARD CARD
SERIES FORMAT

" Columns 21-30: Heliﬁm node Nh enthalpy
guess (Bfu/lbm) for steady state search.
Columns 31-40: Helium node Nh flow area
(ftz).

Columns 41-50: Helium node N, flow length

h
(fr).

Columns 51-60: Height of nodal volume (ft).
Columns 61-70: 1Inlet position (l=top,
O=bottom) .

Columns 71-80: OQutlet position (i=top,
O=bottom).

Note: Input O in column 70 and column 80

if node is horizontal.

80KK 110, p10.2, 2110 KK = 2*Nh; Continuation of information on

card 80NN for node Nh'
Columns 11-20: Nodal volume (ft3).
Columns 21-30: Upstream node number.
(= 201 for first reheater node)
(= 215 for first tunnel node)
(= 230 for first superheater node)
Columns 31-40: Downstream node number.
(= 215 for last reheater node)

Use 216, 217,..., for multiple reheater

exits.



CARD CARD
SERIES FORMAT

85LL 110, 4D10.2, 2I10,

D10.2

44

(= 230 for last tunnel node)
(= 251 for last steam generator node)
Use 252, 253,..., for multiple steam

generator exits.

LL = Z*Nh -1

Columns 11-20: Mass flow rate (lbm/sec)
in. helium node Nh af initial steady state
conditions.

Columns 21-30: Avérage tube OD (in.) in
helium node Nh.

Columns 31-40: Constant friction factor.
Columns 41-50: €/D (Roughness to diameter
ratio: D = outer diameter.). This is used
as a key. If €/D £ 0.0, only the constant
friction factor will be used to compute
friction loéses. If €¢/D > 0.0, the code
will calculate a friction factor based on
the correlation described in section 6 and
add this to the constant friction factor
to determine the friction losses.

Columns 51-60: Number of inline rows of
tubes in helium node Nh'

Columns 61-70: Number of staggered rows

of tubes in helium node Nh'
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CARD CARD
SERIES FORMAT
85MM I10, D10.2
9001 3;10

9101

45,

Columns 71-80: Pitch to diameter ratio-

transverse.

MM = 2*Nh; Continuation Qf information on
card 85LL for helium node Nh‘

Columns 11-20: Pitch to diameter ratio-

longitudinal.

Columns 11-20: Number of first helium
ﬁbde in tunnel.
Columns 21-30: Number of last helium

node in tunnel.

This card series is required if DNB cor-
relation number on card series 75LL is 1,
2, 4 or 5. Otherwise, this series is
omitted. -

Columns 11-20: DNB flux (Btu/hr-ft2) for

zero quality. Used only for DNB correla-

tion number = 1 or 4.

Columns 21-30: Quality at which DNB occurs.
Used oniy for DNB correlation number = 1

or 4.

Columns 31-40: Quality at which DNB flux.
becomes zero. Used only for DNB correla-

tion number = 1 or 4.



CARD CARD
SERIES FORMAT

9201 110, 2D10.2
18001 2110, 6D10.2
180NN 110, 7D10.2
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Columns 41-50: "E factor" in Jansen-Levy
correlation. See Reference 9. Used only

for DNB correlation number = 2 or 5.

Columns 11-20: Allowable temperature
change for water before recomputing ther-
modynamic transport properties.

Columns 21-30: Allowable temperature
change for helium before recomputing ther-

modynamic transport properties.

Steam generator (water side) inlet flow
rate vs time in one tube.

Columns 11-20: Number of pairs (time,
flow rate) describing water side inlet
flow rate vs time. Up to 150 pairs may
be input. |

Columns 21-30: Time (sec).

Columns 31-40: Flow rate (lbm/sec).
Columns 41-60: Repeat Columns 21-30.
Columns 61-80: Repeat Columns 31-40.
NOTE: Code interpolates linearly between

input values.

NN = 2,...,k where k £ 42. Continuation of -

card 18001.



o _ . CARD
SERIES

‘CARD
FORMAT

- 18101"

» 181NN

18201

182NN

2110, 6D10.2°

~ 110, 7D10.2

2110, 6D10.2

110, 7D10.2
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Steam genefator (water side) inlet pres-
sure vs time.
Columns 11-20: Number of pairs, (time,

pressure) describing water side inlet

" pressure vs time.

Columns 21-30: Time (sec).
Columns 31-40: Pressure (psia).

Columns 4%—50:, Repeat Columns 21-30.

Columns 61-80: Repeat .Columns 31-40.

NN = 2,...,k where k- < 42. - Continuation

of card 18101.

Steam generator (water side) inlet enthalpy

vs time.

" Columns 11-20: Number of pairs (time,

enthalpy) .

Columns 21-30: Time (sec).

Columns 31-40: Enthalpy (Btu/lbm).
Columns 41-60: Repeat Columns 21-30.

Columns 61-80: Repeat Columns 31-40.

NN = 2,...,k where k £ 42, Continuation

of card 18201.



CARD CARD

SERIES  FORMAT

18501 2110, 6D10.2
185NN - 110, 7D10.2
18601 2110, 6D10.2
186NN 110, 7D10.2
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[y
3

Reheater (helium side) inlet flow rate vs .
time.

Columns 11-20: Number of pairs (time,

flow rate) describing helium inlet flow

rate vs time).

Columns 21-30: Time (sec).

Columns 31-40: Flow rate (lbm/sec).

Columns 41-60: Repeat Columns 21-30.

Columns 61-80: Repeat Columns 31-40.

NN = 2,...,k where k £ 42, Continuation

of card 18501.

Reheater (helium side) inlet pressure vs
time.

Columns 11-20: Number of pairs (time,
pressure) describing helium inlet pressure
vs time.

Columns 21-30: Time (sec).

Columns 31-40: Pressure (psia).

Columns 41—60: Repeat Columns 21-30.

Columns 61-80: Repeat Columns 31-40.

NN = 2,...,k where k £ 6. Continuation

of card 18601.
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CARD CARD
SERIES FORMAT

18701 2110, §D10.2 Reheatef (helium side) in;et enthalpy vs
time.
Columns 11-20: Number of pairs (time,
enthalpy) describiné ﬁelium inlet enthalpy
vs tiﬁe.
Columﬁs 21—36: Timev(sec);
Columns 31-40: Enthalpy (Btu/lbm).
Columns 41-60: Repeat Columns 21-30.

Columns 61-80: Repeét Columns 31-40.

187NN 110, 7D10.2 NN = 2,...,k where k £ 42, Continuation

of card 18701.

In addition to the above required input, data cards may be supplied which
request plots. Two data cards with successivg card series numbers are
required for each plot. Card series quﬁbers for the plot request cards
begin with 2501, cannot exceed 2550 and must be consecutive. They must
also be in numerical order with the required input cards, i.e., they

must follow the last 10NN card.

The tworcards required for each plot are:

First Card: (2110, 3D10.2, 110, D10.2)

. Columns 1-10: Card series number.



Second Card

Columns

Columns

Columns

Columns

Columns

quumns

11-20:

21-30:

31-40:

41-50:

51-60:

61-70:

(110, 2p10.2,

Columns

Columns 11-20:

Columns 21-30:

Columns 31-40:

1-10:

2110)
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IDPLT - a number defining variable to be
plotted vs time. (See Table A-1)

XMINP - Mimimum value of time (sec) for
plot.

XMAXP - Maximum value of time (sec) for
plot.

XLENP - Length of plot (in.) including

. vertical axis label. (Choose 8.5 for

8-1/2 x 11 sheet)
Not used.
YMINP - Minimum value of dependent variable

for plot.

Value of series number on first card (for

this plot) plus 1.

YMAXP - Maxiﬁum value of dependent véfiable

for plot; |

Note: 1If YMINP and YMAXP are both input

és 0.0, the code searches for a maximum

and a minimum.

YLENP - Height of plot (in.) including

horizontal axis labels. (Choose ll.OIfor

8-1/2 x 11 sheet) -
N1PLT - If plotting AP, NIPLT is the first
ﬁode number for the AP. Otherwise NI1PLT =

0.
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Columns 41-50 N2PLT - If plotfing AP, N2PLT is the second
node number for the AP. Otherwise N2PLT =

0.



Table A-1. Values
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of IDPLT for card series 25NN

IDPLT

1100 Steam generator helium inlet pressure psia
1200 Steam generator helium outlet pressure psia
1300 Steam generator helium inlet temperature °F
1400 Steam generator helium outlet temperature °F
1500 Steam generator helium inlet flow rate 1bm/sec
1600 Steam generator helium outlet flow rate 1bm/sec
1700 Steam generator helium inlet enthalpy Btu/1lbm
1800 Steam generator helium outlet enthalpy Btu/lbm
2100 Reheater helium inlet pressure psia
2200 Reheater helium outlet pressure psia
2300 Reheater helium inlet temperature °F
2400 Reheater helium outlet temperature °F
2500 Reheater helium inlet flow rate lbm/sec
2600 Reheater helium outlet flow rate 1bm/sec
2700 Reheater helium inlet enthalpy Btu/lbm
2800 Reheater helium outlet enthalpy Btu/lbm
3100 Steam generator water inlet pressure psia
3200 Steam generator water outlet pressure psia
3300 Steam generator water inlet temperature °F
3400 Steam generator water outlet temperature °F
3500 Steam generator water inlet flow rate lbm/sec
3600 Steam generator water outlet flow rate 1bm/sec
3700 Steam generator water inlet enthalpy Btu/1bm
3800 Steam generator water outlet enthalpy Btu/lbm
4100 Reheater water inlet pressure psia
4200 Reheater water outlet pressure psia
4300 Reheater water inlet temperature °F
4400 Reheater water outlet temperature °F
4500 Reheater water inlet flow rate 1bm/sec
4600 Reheater water outlet flow rate 1bm/sec
4700 Reheater water inlet enthalpy Btu/1lbm
4800 Reheater water outlet enthalpy Btu/1bm
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Table A-1. (Continued)

IDPLT NNN = NODE NUMBER

11NNN Helium pressure of node NNN, psia

12NNN Helium temperature of node NNN, °F

13NNN Helium flow rate of node NNN, lbm/sec

14NNN Heat flux from helium node NNN, Btu/hr-ft2

16NNN Heat transfer coefficient for helium node NNN, Btu/hr-ft2—°F
17NNN Helium density of node NNN, lbm/ft3

18NNN Tube wall temperature, helium side, for tube node NNN, °F
22NNN Tube temperature for tube node NNN, °F

31NNN Water pressure of node NNN, psia

32NNN Water temperature of node NNN, °F

33NNN Water flow rate of node NNN, lbm/sec

34NNN Heat flux to water for water node NNN, Btu/hr—ft2

35NNN QualityAin water node NNN

36NNN Heat transfer coefficient for water node NNN, Btu/hr—ft2—°F
37NNN Water density in node NNN, lbm/ft3

38NNN Tube wall temperature, water side, for tube node NNN, °F
50000 AP Helium node N1PLT to Helium node N2PLT, psid.

51000 AP Helium node N1PLT to water nodelNZPLT, psid

52000 AP Water node N1PLT to water node N2PLT, psid
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APPENDIX B »

BLAST requires the user to supply three subroutines. They are <
SUBROUTINE POH: Through this subroutine the user supplies the fractional
éhange, FH, in the helium pressure at the outlet of the last helium node
as a function of time. This pressure is used only to obtain a value for
the AP term in the momentum equation (6) for the last helium node. Since
BLAST calculates the helium outlet pressure for the initial steady-state
conditions, the outlet pressure used in the AP term is found from P =
Pout(t=0) * FH. The user must supply the values of the fractional change
in helium pressure at the outlet of the last helium node at selected
times through the DATA statements. The code then linearly interpolates
to determine FH at each time step.

SUBROUTINE POW: This subroutine supplies the fractional change,
FREHET, in pressure at the outlet of the last reheat steam node and the
fractional change, FSGEN, in pressure at the outlet of the last main
steam node as functions of time. These pressures are used to determine
the AP terms in the momentum equation for the last reheater node and the
last superheater node respectively. The user must supply values for the
fractional change in pressure at the outlet of the last reheat steam node
at selected times through the DATA stateménts. The code then linearly
interpolates to find FREHET and FSGEN at each time step.

SUBROUTINE REHETW: This subroutine is used to provide values of
reheater inlet flow rate (REWI), inlet enthalpy (HREWI) and inlet pres-
sure (PREWI) on the steam side vs time. The user must input values of
inlet flow rate, inlet enthalpy and inlet pressure at selected times
through DATA statements. The code then linearly interpolates to deter-

mine inlet flow rate, enthalpy and pressure at each time step.
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The first output generated by the code is the listing of the input
data card images followed by several pages which display this input in-
formation in tabular form. Next, results of the steady-state iteration
are displayed. The 'calculated friction faétors" listed in this steady-
state output are obtained from the user supplied information and pressure
drop correlations while the "input friction factor" is the sum of ‘the
constant friction factor (input by the user on card series 75MM) plus an
adjustment made by the code to force dW/dt (Egs. 3 and 6) to be exactly
zero after all parameters have achieved steady-state convergence. This
adjustﬁent factor should be an order of magnitude or more smaller than
the calculated friction factor. At various times, determined by input
on card series 10NN, the code prints out information concerning the water
side, helium side and tubes in the reheater and steam generator. These
tables contain information concerning the nodal pressure, mass, internal
energy, temperature, flow rate (in one tube on the water side, the total
flow rate on the helium side) values for each of the terms in the momentum
equations (3 and 6), heaf transfer coefficient, heat flux, tube surface
and bulk temperatures, heat transfer mode and the heat flux rquired to
cause a departure from the nucleate boiling mode. The keys uéed to
indicate the heat transfer mode are given below:

1. subcooled forced convection,

2. nucleate boiling,

3. transition boiling,

4. film boiling (Dougall-Rosenhow correlation),
5. film boiling (Groeneveld correlation),

6. Jfilm boiling (Morgan correlation), and

7. superheat forced convection.
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\

For the sample problem, the steady-state printout at t=0 indicates
that the reheater (tube nodes 1-8 in Fig. 2) is in the superheat forced
convection mode, the three economizer-nodes and the first evaporator
node are in subcooled forced convection, the second evaporator node is
in nucleate boiling, the third is in film boiling, and the superheater
is in the superheat forced convection mode. The nodal heat transfer
modes given at t=200 sec indicate that the last  evaporator node has re-
turned to nucleate boiling, and the first superheater node contains a
two-phase fluid in the film boiling mode. By t=500 sec, the evaporator
has flooded, and wet steam is being emitted from the superheater, and by

t=600 sec, the superheater has also flooded.
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SUBROUTINFE PNH(T)
IMPLICIT FFAL*B(A-H,N-2)
INTEGER*4 HEL IN,HELOUT

CCMMDN  /HEL INMNY/ DELZC 209, FINPHL 20),
1 FLOAHL 20), FLOLGHL 201}, HELHD(O 201,
2 HELIMC 20D, HELDUTL 200, HNDVALL 20') :
3 HONEDT A 200, NDOWNH{ 201, NUPHL 200, :
4 RECONH({ 20}, WHDFRI( 20), WHOMOM( 2010,
5 WHDPRE( 20), WHOSHU 2010, WHFCONT 20},
6 wWHGCOM( 20), WHMOM( 20)
COMMON /EVERY/ DELT ' DELTTL 200, ENIC 200,
1 TAU ' HR TOSC ’ NPRINT( 20},
2 LASTHE ) LASTUR '
3 MT {MST ' NIN ' NOUT
CrMMON /STATE/ UBARW( 20), TMASSW( 20), PWAT( 201},
1 TH20( 20), Wl 20), GM{ 20}, T WML 20),
2 DATUWL 20), DOTMWE 20D, DNTWW( 20), .
2 DPDUWL 200, DPOMW{ 20}, DTDUWE 20) DTHOMW( 20)
4 TTUBL 20), NOTTUBL 20,
5 URAOH( 20}, TMASSH{ 209, PHFLL 20) THELL 200,
[ WHFL{ 20), DUTUHL 2010, DOTMH 20) , DNTWH( 200,
7 DPOUH( 20), DPOMH{ 20), DYDUHL 20) , DTNMH( 20)
REAL®8 NOFTUR
INTEGER¥4 TUBIHM, TUBOUT
CCMMON /TURINN/ FINPFP{ 200, FLOAW( 200,
1 NDOWMWI( 20}, NODHEL( 20), NOFTUB( 20},
2 NT3TYP( 20), NUPWL 201, RECONW( 20},
2 TPMFP ( 20), TUBEHD( 20), TUBLENL 200,
“ TUBIN( 20), TUBIP( 20}, TUROR( 20},
S TUBQUT( 201, TURRV( 201}, TURVALL 20)
6 WOFRIL 203, WOMOMU 200, WOPRE( 200,
7 WDSH({ 201}, WECONL 200, WGCONT 200,
8 WMOML 200, WONEOQT( 20)

CCMMNN/OUTLFT /PRATSV(60) s PHELSVI 200 ,POUTT

DIMENSION THU22),F(22)

DATA TH/0,0,60.,09100.0,150,09160,0,200.04250.0+300.0+350.0,270.0,
1 400.0444000,45040446040948040950040+56040957040,600.0,5620.0,

2 640.0,7C0.0/

DATA F/1,0,0,953137,0.928519,0,908026+0.903623,0.886220,0,879643,
1 0.87257240.86653990.864413,0.861917,0.8344782,0.840340,0.83591D,
2 0.827030,0.818173,0.800949,0.798060,0.789350,0.784034,0.779025,
3 0.763072/ -

DATA [IH/1/

DATA NH/22/

IF(TAUL.GT,.N0.0D0) GO TN 10

NH1 = NH-1
POUTT = 2.0 * PHEL(I) - PHEL(NUPHII))
RETURN

J = NDOWNH{I} - 250

DO 21 II=TH,NH}

K=1]

IF(TAU.LT.TH{K+1)) GO TO 32

CUNT INUE

IH = K

FH = F(K) + (F{<+1)=F(K)}) /{TH(K¢LI=TH(K)}) * (TAU-THI(K])
POUTT = FH * PHELSV(J)

RETURN

END

SUARDUT INE POIW(T) '
IMPLICYTY REAL®8(A~H,N-Z)

CIMMIN /EVERY/ DELT ’ DELYI( 200, EQTC 290,
1 TAY ' HR TN SC v NPRINT.{ 20},

2 LASTHE ' LASTUR ' '

3 NTIMST - ' NI ' NOuT

COMMON /STATEY/ UBARAL 200, TMASSW( 200, PWAY( 20},
1 TH20( 20}, Wl 200 GM( 20}, WML 200,
2 DOTUNL 200, DUTHAWL 20) DOTWW( 200, '

3 npPUW( 20}, NPOMW( 20} DTDUW( 200, _DTOMW( 2D},
& TTUR{ 201}, DOTTUB( 20},

5

U3APHE 200, TMASSHU 200, PHEL( 20}, THEL( 20,
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[ WHELL 200, NOTUH( 20), DOTMHL 20}, DOTWHL 20),
7 nPDUHL 20Fy - nPDMH( 20) , DTDUH( 20}, DYDMH({ 29)
REZAL=8 MIFTUR

INTEGER %4 TUSIN,TUBNUT

COMMON /TUBTNNY FINPFR( 200, FLOAW( 20},
1 NOOHNW( 2070, NONHEL{ 200, NOFTUB( 200,
2 NTRTYP( 20), NUPWL 20), RECONW( 20),
3 TPMFP( 20D, TUREHD( 20}, TUBLEN( 20),
4 Tup INC. 200, “TUBTIR( 20}, TUBOR( 200,
5 TUBIUTL 20, TUBRV( 20, TUBvVNL( 20),
[ WOFRIC 201V, WOMOME 200, WOPRE( 20},
7 WNSHU 201, WFCONG 200, WGCONL 20) .,
8 wanu{ 2019, WONEOQT( 200

COMMONZOUTLET 7PWA TSV{E0) ,PHEL SV(20) »POUTT
DIMENSINM TIR(L11Y,FP{L1I,TIS(14),FS(14}
DATA TIR/0,0,100.04290.04300,0,400.04500.04600.0,730.0+
1 300.0,900.0,1000.0/
DATA FR/1.0906524611404245777406265576404145102,0.086170,0.0769453
1,7.0488075,0.0520578,0.0462264,0.0390035/
DATA TIS/0.0410.0,20.0,30.0,40,0,50.0,60.0,70.0,80.0,90.0,100,0,
1 110.0,120.0,2000.0/
DATA FS/1.0¢14018241.035641.050001,065641.0706491.0723,1.0735,
1 1.074841.075441,0764,1.0771+1.07760,1.07760/
DATA [R,IS/1,1/
DATA NP NS/11,14/
IF(TAU.GT.0.0001 G TO 10
NR1 = NP-1
NS5 1=4S-1
POUTY = 2,0 * PWATII) - PWAT(NUPW(I))
2ETIURN
10 IF(NDOWNW(I).GEL2510 G TN 20
J = NDPWHW(T} - 214
NI 30 T1=192,NR]
K=11
[F(TAULLT,TIP(K+1)) GO TO 11
30 CONTINUE
11 [R=K
FAIFHET = FRIK) & {FR(K+1) ~ FR(KII/(TIR(K+L)-TIR({K})
1 = (TAU-TIR{K )}
POUTT = FPEHET % PWATSV(J)
RETUZN
20 J = NDDWMW(TI) - 214
D 40 1T1=1S,MS81
K=11
TR(TAULLT TISIK+1)) 600 TN 2]
40 CONTINUF
21 1S=K '
FSGEN = FS(KY + {FS(Kel)=FS{K)I/{TISIK+]1)=TIS(K))
1 = (TAU-TIS(K)) :
PAUTT = FSGEN & PWATSV(Y)
RETUPN
EMD

SUBROUTINE REHETHW
IMPLICIY REAL*8(A-H,0-1)

COMMON /EVERY/ DELT ' DELTI{ 200, OEOLL 200,
1 TAU v HR TOSC ’ NPRINT( 201,
2 LASTHE v LASTUB [}
3 NT [MST ] NIN [ NOUT

COMMON /PLENUM/ NDFTUNyNDLTUN, TARE W, TAREH, TASGW,TASGH,
REWI,REWO,REHT,REHO, SGWIy SGWD y SGHT y SGHO,
PREWI ) PREWOPRENT yPREHO, PSGWI 4 PSGWD 4PSGHIPSGHN,
VSREWI, VSREWO, VSREHIyVSREHO, VSSGWI, VSSGWO,VSSGHT yVSSGH D,
HREWI, HR EWO, HR EH] y HREHO, HSGWI yHSGWN yHSGH I y HSGHO,y
REWIT,REWNQTREHIT REHDT, SGWI T4 SGWNT , SGHI T, SGHOT

VoSN

DIMENSIDN TIFU16),TIH(16),TIP(16)

DIMENSION FLOW(L6}4ENTHALI16) PRES(]16)

DATA NF,NH,NP/16, 16,16/

DATA TFyIHyIP/141,41/

DATA TIF/040+100.0020040¢300.0+40040¢500.0¢600.0¢70040,80040%
1 900.0,100040+1100,0+1200.0+1300.0,1400.0,1500.0/

DATA FLOW/2225.0+41126274501439553.3+306.64173.8915249¢98.29108.3,

.
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20
21

30
31

59

L 93.7478u7+1644214925+35.1422.0+8.8/
DATA TIH/0.0,100.0,200.0,300.0+%00.04500.04600.0,700.0,800.0,
1 $00,0,1000.0,1100.,0,1200.0,1300.0,1400.0,1500.0/
DATA ENTHAL/1211.3,1323,8,+1339.8,1339.9,1323.0+91309.2+1296.2
11269.0912804291273.3,1268.291264.441261.641259.741258.7,1258B.5/
DATA TIP/0.0,100.0,200.0,430040+400.04500.04600.0,700.0,800.0,
1 900.0,1000.0,1100,0412004041300.041400.0,1500.0/

DATA PRFS/628.81316.29144.6915606,84¢8¢5041¢4%4.7428.3,30.2+26.8,
1 22.6417.9414.8414.2,13.8413.5/

NFl=NF=-1

N 10 11=TF,NF1

=11

TF(TAULLTLTIF(TI+1)) GN 7O 11

CONT INUE ’

TF=1}

REWI = FLOW(T) + (FLOWII®#1)= FLOWITI)/(TIF(I#1I=-TIF(I))
1 ¢ (TAU - TIF(I))

MHL=NH-1

b0 20 TI=TH,Nit]

=17

IF(TAULLTSTIH(TI#2}) GN T 21

CONT INUF

IH=1

HREWT = ENTHAL(I) ¢ (EMTHALCT+#1)~ENTHALCI DI/ (TIH(TI+1)-TIH(I))
1 * (TAU - TIH{TI)

NPLlsNP-1

09 30 1I=1PyNP1

I=11

TF(TAULLTLTIP(TI+1)) GO TO 31

" CONTINUE

1P=1 ‘
PREWI = PRES(I) ¢ (PRES(I+1)=PRES(IN)/(TIP(I+1)=TIP(I))
1* ¢ TAU - TIP(DD) .

REWI = REWI/(€.0 * 22840}
RETURN
END



LISTING OF INPUT DATA CARDS

1001
2501
2502
2503
2504
2505
2506
2507
2508
2509
2510
2511
2512
2513
2514
2515
2516
2517
2518
2519
2520
2521
2522
2523
2524
2525
2526
2527
2528
2529
2530
2531
2532
2533
2534
2535
2536
2537
2538
2539
2540
2541
2542
2543
2544
2545
2546
2541
2548
2549
2550
2551
2552
2553
2554
2555
2556
2557
2558
2559
2560
2561
2562
2563
2564
2565
2566
2561
2568
2569
2570
2571
2572
2573
2574
2575

«020
11010

31015

3215
31014
31014
34015
36015
14010
16010
22014
22015
18015
18015
18014
18014
38014
14010
34015
35015
35014
35015
35015
34015
36015
36015
18015

1400

3400
22015
22014
16010
38014
38015
38015
32015
38015
12010

22015

«025
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2576
2577
2578
7001
7002
7003
7004
7005
7006
7007
7008
7009
7010
7011
7012
7013
7014
7015
7016
7017
7018
7019
7020
1021
1022
7023
7024
1025
7026
1027
7028
7029
7030
7031
7032
7501
7502
7503
7504
7505
7506
7597
7508
7509
7510
7511
7512
7513
7514
7515
7516
517
7518
7519
7520
7521
1522
7523
7524
7525
7526
15217
7528
7529
7530
7531
1532
8001
8002
8003
8004
8005
8006
8007
8008
8009
8010
8011
8012
8013

14011
630.000
2
628.000
2
625.000

2
621.000
2
606,000
2
591.000
2
587.000
2

582,000
2
2883.060
3
2801.060
3
2751.850
3

27 83,540
3
2772.280
3
27544690
3
2736.270
3

25 84.910
3

1. £26462
0.0

1. 626462
0.0

l. £26462
0.0

1. €26462
0.0677
1. €26462
0.0677
1. 626462
0.0

l. €26462
0.0

1. £26462
0.0
1.1453
0.5
1.1453
0.0
1.1453
0.0
la1453
0.0
1.145%
0.0
1.1453
0.0

1.1453°

0.0
1.1453
0.0
714,670
58.7039
T14.320
58,7039
713.980
5€.7039
713. €50
58,7039
713.260
16 8.2059
712,570
426.7337
712.420

1i.0
152.0
11.0
1324.700
228.0
1355,400
228.0
13844900
228.0
1413.600
22840
1440.700
228.0
1464.600
228.0
1484.,600
228.0
1501.200
228.0
405.280
328.0
512.030
328.0
607.880
328.0
704.030
328.0
825.230
328.0
991.900
328.0
1182.,200
328.0
1364.300
328.0
0.6645
7.0D-4
0.6645
7.00~4
0.6645
7.00-4
0.6645
7.00~4
0.6645
7.00-4
0.6645
7.00~4
0.6645
T. 004
0.6645
7.00-4
0.383
3.00-3
0.383
3.0D-3
0.383
3.00-3
0.368
3.00-3
0.368
3.00-3
0. 3885
3.00-3
0.3155
7.00-3
0.3515
7.00-3
2216.000
201
2178.700

1
2143.500
2

2110.000
3
2093.500
215
2093.500
5
2093.500

0
200.0

0
00963335
201

« 00963335

1
00963335
2
«00963335

3
«00963335
4
»00963335
5
+00963335
(]
«00963335
7
.00320026
230
00320026
9

.00320026
10
+00295449
11
+00295449
12
.00329283
13
.00217163
14
.00269549
15

0.8125
0.0154
0.8125
040154
0.8125
0.0154
0.8125
0.0154
0.8125
0.0110

0. 8125
0.0110
0.8125
0.0110
0.8125
0.0110
0.5
0.0070
0.5
0.0070
0.5
0.0070
0.5
0.0068

" 0.5
0.0068
0.5625
0.0071

0. 5625
0.0058
0.5625
0.0065
29.17

2

29.17

3

29.17
T4
29.17

215
33,6632

6

21.3803

7
21.3803

8.

owmo

4.8375
2
4.8375
3

4. 8375
. 4
4.8375
5
4.8375
)
4.8375
7
4.8375
8
4.8375
215
38.25

251
1.329

1.329
1.329
1.329
1.329
1.329
1.329
1.329
0.766
0.766
0.766
0.736
0.736
0.777
0.631
0.703
1.1775
1.1775
1.1775
1.1775
2.28125
19.9592

19.9592

61

6
11775
1.1775
11775
1.1775
2.3333

19.9592
19,9592

30.0
30.0
30,0
30.0
30.0
30,0
30.0
20.0
30.0
30.0
30,0
30.0
30.0
30.0
30.0

30.0

16
15
14
13
12
11
10

© © o © o o ©o o o

—

-



8014
8015
8016
8017
8018
8019
8020
8021
8022
8023
8024
8025
8026
80217
8028
8029
8030
8031
8032
8501
8502
8503
8504
8505
8506
8507
8508
8509
8310
8511
8512
8513
8514
8515
8516
8517
8518
8519
8520
8521
8522
8523
8524
8525
8526
8527
8528
8529
8530
8531
8532
9001
9201
18001
18002
18003
18101
18201
18202
18203
18501
18502
18503
18504
18505
18506
18507
18508
18509
18510
18511
18512
18513
18514
18515
18516
18517
18518
18601
18602

426.7337
712.270
281.1518
T12.470
191.0015
711.920
173.4857
711.480
169.0975
711.080
200.00255
710.810
200.00255
710.540
184.9205
710.310
164.8711
710.070
164.8711
522.200
1.5582
522.200
1.5582
522,200
1.5582
522.200
1.5582
522.200
1.5274
522.200
1.0
522.200
1.0
522,200

1.6933

522,200
1.3964
522.200
1.3964
522.200
1.3964
522,200
1.4420
5224200
1.4420
522,200
1.4420
522.200
1.4420
522,200
1.4420
5
1.0
7
140.0
0.2861
3
10
300.0
22241
61
30.0
333.5
100.0
197.5
180.0
149.7
250.0
200.5
320.0
278.7
390.0
175.1
460.,0
146.5
600.0
114.5
840.0
16
300.0

€
2093.500
7
2031,.,800
230
1901.300
9

1765.000
10
1645.500
11
1558.600
12
1489.600
13
1420.900
14
1344.400
15

1.625

1.625
1.625
1.625
1.625

40.0

40.0
1.125
1.125
1.125
1.125
1.000
1.000
1.000
1.000
1.000

8

.2
0.0
»3389

0.0

0.0
26243
700.0

0.0
421.0

70.0
263.4
140.0
149.8
220.0
167.2
290.0
254.3
356.0
231.5
430.0
152.5
540. 0
144.5
740.0
116.8

0.0
620.5

8
36.2744

0.0
0.0
0.0
0.0
0.0
0.0

0.0

1.1453
150.0

2965.0
346.8
400.0
214.3
52242

40.0
313.5
110.0
170.8
190.0
151.7

1260.0
2154
330.0
276.5
400.0
157.3
480.0
140.8
62060
122.9
900.0
715.0
400.0

2.5
3.1139
2.8283
2.7568
3.0418
3.0418
2.8124
2.5015
2.5075

1.0

10.0
0.2886

160.0
100.0
247.6
900.0

10.0
387.5

80.0
245.1
150.0
149.2
230.0
176.1
300.0
263.5
370.0
217.0
440.0
153.3
56040
147.1
760.0
113.0
100.0
612.8

62

3.58133

3.1139

2.8283
2.7568
3.0618
3.0618
2. 8124
2.5075

2.5075

11

18
16
16
19
19
18
1é
15

1.0833
1€0.0

2T41.2
306.1
500.0
212.5
490 .4

50.0
29649
120.0
143.3
200.0
155.1
270.0
232.8
340.0
275.7
41040
152.6
500.0
137.9
640.0
126.5

6€0.5
500.0

120.0
0.2861

1400.0
200.0
234.6

1400.0

20.0
358.1

90.0
219.5
160.0
149,.2
240.0
187.2
310.0
270.9
380.0
201.6
450.0
151.2
570.0
111.9
800.0

200.0
581.3

o © o © o o

0
1.5274
1.5274
1.5274
1.5274
4.5513

1.0

1.0
7.2528
1.6933
1.6933
1.6933
1.9050
1.9050
1.9050
1.9050

1.9050

0.4538
1400.0

272646
277.6
600.0
212.0
45640

60.0
28046
130.0
150.0
210.0
160.3
280.0
243.2
350.0
248.3
420.0
152.0
520.0
1368.0
700.0
121.6

629.6
600.0



-

18603
18604
18605
18701
18702
18703
18704
18705
18706
18707
18708
18709

560.8
1000.0
479.9
26
30.0
205646
150.0
1739.7
410.0
1415.1
700.0
1233.0

700.0
509.6
1400.0

0.0
2232.0
110.0
1980. 4
350.0
1512.7
600.0
1364.1
840.0

542.0
1100.0
470.5
2269.3
40.0
2035.0
230.0
1602.3
460.0
1395.8
740.0
1321.6

63

800.0
500.0
1500.0
10.
2206.7
130.0
1858.2
370.0
1475.2
"620.0
1351.5
900.0

530.4
1200.0
464.5
2269.9
60.0
2000.5
250.0
1565.6
500.0
1386.5
760.0
1305.6

900.0
490.4

20.0
2155.2
140.0
1823.0
390.0
1447.3
640.0
1344, 6

519.7
1300.0

2255.1
100.0
1988.6
290.0
1536.1
560.0
1382.4
800.0



TIME STEP

0.2000D0-01

IoeL Y

11010
31015

3215
31014
31014
34015
36015
14010
16010
22014
22015
18015
18015
18014
18014
38014
14010
34015
35015
35014
35015
3501¢%
34015

END OF INTERVAL

0.1000D 02

XMINP

0.39000E
0.0
0.0
0.0
0.15200€
0.15200€
0.15200€
0. 39000E
0.39000€
0.0
0. 15200€
0.0
0.15200€
0.15200€
0. 39000E
0.0
0.0
0.0
0.0
0.15200E
0.39000€
0.15200E
0.39000E

03

03
03
03
03
03

03

03
03
03

03
03
03
03

EDITS

2

XMAXP

0.42000€E
0.60000¢t
0.60000€
0. 60000€E
0. 20000€
0. 20000€
0.20000€
0. 42000E
0.42000E
0. 60000€E
0. 20000€
0. 60000€
0.20000€
0.20000€
0. 42000€E
0. 60000E
0. 60000E
0. 60000€E
0. 60000E
0.20000€
0. 42000E
0. 20000F
0.42000E

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

LISTING OF THE INPUT DATA

2ol afgoirale sk sle ale e e gy sleole sl 39 ook ale sle ale ale ale ol o i ok gje ol kol e ple oy o W ok

IMPLICIT SOLUTION TECHNIQUE

[ 2R 3N B BN J
[ 38 2N N AR J

sk el ool ol ol 2o ool ot ok o okl e aje ke sje ke o afe ol e e ol e ol sk ol e ok ol ke

TIME STEP AND PRINTY INTERVAL INPUT

TIME STEP END OF INTERVAL EDITS

0.25000-01 0.61000 03 60

PLOT INFORMATION

XLENP KINDY YMINP

0.85000E 01
0. 85000€ 01
0.85000€ 01
0.85000E 01
0.85000€ 01
0.85000E 01
0.85000€ 01
0.85000E 01
0.85000€ 01
0.85000E 01
0.85000€ 01
0.85000€ 01
0.85000¢ 0!
0.85000E€ 01
0.85000E 01
0.85000E 01
0.85000E 01
0.85000E 01
0.85000E 0!
0.85000E 01
0.85000E 01
0.85000€ 0!
0.85000E 01

[-N-NoNoRoNoNoN-N-Neol-N-N-N-NoR-NoN-N-N-Nol-N-]
[-N-N-N-N-N-N-N-N-N-NoN-N-Y-N-N-N-N-N-N-NeN-N-]
R EEEEEEEEEREEEREREEREREEREEEY
[~N-NoNoRoNo-NoNoN-NeoNeNoNoN-N-NoNoNoNoNoN-l-No]
[~N-N-N-R-N-NeN-N-NoRoN-N-N-N=NoNoNoNoN-NeNoNol

e ®» o 4 ® @ 6 6 0 0 0 0 & 2 0 ¢ 0 s 8 0 0 P @

CO0O0O0Q0QOOO0O00OO000LOO0OO00O

TIME STE®

YMAXP

END OF INTERVAL

YLENP

0.11000€E
0.11000E
0.11000€
0.11000¢
0.11000€
0.11000€
0.11000€
0.11000€
0.11000E
0.11000€
0, 11000E
0.11000€
0.11000€E
0.11000€E
0.11000€
0.11000€
0.11000€
0.11000¢
0.11000€
0.11000E
0.11000E
0.11000E
0. 11000E

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

EDITS

N1PLY

[-}-N-N-N-NoN-NoNoN-NoNoNoN=j-NeoNoNoNo ==}

N2PLTY

e -N-N-N-N-N-NoNoN-No-NoR-NeoloN-NoN-R-N-N-N-3.)

¥9
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35015 0. 39000 03 0.42000E 03 0.85000E 01

0 0.0 0.0 0.11000F 02 0 0

36015 0.0 0.&0000E 03 0.85000E 01 0 0.0 0.0 0.11000¢ 02 0 0

18015 0.39000€ 03 0.42000t 03 0.85000€ 01 0 0.0 0.0 0.11000¢ 02 0 0

1400 0.0 0. 60000E 03 0.85000E 01 0 0.0 0.0 0.11000% 02 0 0

3400 0.0 _ 0.60000€ 03 0.85000€ 01 0 0.0 0.0 0.11000% 02 0 0

22015 0.39000€ 03 0. 42000E 03 0.85000F 01 0 0.0 0.0 0.11000€ 02 0 0

22014 0.15200E 03 0.20000F 03 0.85000€ 01 0 0.0 0.0 0.11000E 02 0 0

16010 0.0 0.60000E 03 0.85000€ 01 0 0.0 0.0 0.11000€ 02 0 0

38014 0.15200€ 03 0.20000€ 03 0.85000€ 01 0 0.0 0.0 0.11000E 02 o 0

38015 0.39000€ 03 . 0.42000€ 03 0.85000€ 01 - 0 0.0 0.0 0.11000F 02 0 0

38015 0.15200E 03 0.20000€ 03 0.85000E 01 0 0.0 0.0 0.11000F 02 0. 0

32015 0.0 . 0. 60000E 03 0.85000E 01 0 0.0 0.0 0.11000F 02 0 0

38015 0.0  0.60000E 03 ~ 0.85000€ 01 0 0.0 0.0 0.11000E 02 0 0

12010 0.0 0. 60000E 03 0.85000F 01 0 0.0 0.0 0.11000F 02 0 ]

22015 0.0 0.60000E 03 0.85000€ 01 0 0.0 0.0 0.11000€ 02 0 0

14011 0.15200E 03 . 0.20000E 03 ~ 0.85000E Ol 0 . 0.0 0.0 0.11000F 02 0 0

WATER NODE INPUT
S INLET  OUTLET  ASSOC. TUBE UPSTREAM DNSTREAM
PRESSURE ENTHALPY " FLOW AREA TUBE LENGTH POSITION POSITION HEL. NODE TYPE ND. OF TUBES NODE NODE
PSIA BTU/LBM Fres2 - , FT. 1=TOP 0=BOTTOM
0.6300000 03  0.132470D 04 0.963335D-02 0.4837500 Ol . 0 1 4 2 0.228000D 03 201 2
0.628000D 03  0.1355400 04 0.963335D-02 0.4B37500 01 0 1 3 2 0. 2280000 03 1 3
0.6250000 03  0.1384900 04 0.9633350-02 0.4837500 01 0 1 2 2 0.2280000 03 2 4
0.6210000 02  0.1413600 04 0.9633350-02  0.4837500 01 ) 1 1 2 0.2280000 03 3 5
0.6060000 03  0.1440700 04 0.9633350-02 0.483750D 01 1 0 1 2 0.2280000 03 4 6
0.5910000 03  0.146460D 04 0.9633350~02 0.483750D 01 1 0 2 2 0.2280000 03 5 1

0.5870000 02 0.1484600 04 0.9633350-02 0.4837500 Ol 1 0 3 2 0.2280000 03 6 8
0.5820000 02 0.150120D 04 0.963335D~02 0.4837500 01 1 0 4 2 0.228000D 02 7 215
0.288306D 04 0.405280D 03 0.3200260-02 0.3825000 02 0 1 16 3 0.3280000 03 230 10
0.280106D 04 0.5120300 03  0.3200260~02 0.3825000.02 0 i 15 2 0.3280C0D 03 S 11
0.2791850 04 0.607880D 03 0.3200260~02 0.429000C 02 0 1 14 3 0.3280000 03 10 12
0.278354D 04  0.7040300 03  0.2954490~02  0.4640000 02 0 1 i3 3 0.328000D 03 11 12
0.277228D 04  0.825230D0 03  0.2954490~02 0.464000C 02 () 1 12 3 0.328000D 03 12 14
0.2754690 04  0.9919000 03  0.3292830~02 0.3860000 02 0 i 11 3 0. 3280000 03 12 15
0.2736270 04 0.118220D 04 0.2171630~02  0.396000C 02 0 1 10 3 0.3280000 02 14 16

0.258491D 04 0.1364300 04 0.2695490~02 0.4360000D0 02 0 1~ 9 2 0,3280000 03 15 251

S9



MASS

FLOW RATE

LBM/SEC

0.162646D
0.1626460
0.1626460
0.1626460
0.162646D

0.162646D
0.1626460
0. 1626460
0.1145300
0.1145300

‘'0.114530D
0.1145300
0.1145300
0.1145300
0.114530D0

0.1145300

PRES SURE
PSIA

0.7146700
0.7143200
0.713980D
0.713650D0
0.7132600

0.7125700
0.7124200
0.7122700
0.7124700
0.7119200

01
0l
0l
01
Q1)

[13}
ol
o1
[13]
01

gl
ol
o1
0l
o1

o1l

03
03
03
03
03

03
03
03
03
03

TUBE
INSIDE RADIUS
FT

0.5537500-01
0.5537500-01
0.5537500-01
0.5537500-01
0.5537500-01

0.5537500-01
0.5537500-01
0.553750D0~-01
0.3191670-01
0.319167D-01

0.319167D0-01
0.306667D-01
0.3066670-01
0.3237500-01
0.2629170-01

0.2929170-01

TUBE

OUTSIDE RADIUS

FT

0.6770830-01
0.677083D-01
0.6770830-01
0.677083D0-01
0.6770830-01

0.6770830-01
0.6770830-01
10.6770830-01
0.4166670-01
0.4166670-01

0.4166670-01
0.4166670-01
0.4166670-01
0.4687500-01
0.4687500-01

0.4687500~01

ENTHALPY

BTU/LBM

0.2216000
0.2178700
0.214350D
0.2110000
0.209350D

0.2093500
0.209350D
0.2093500
0.2031800
0.1901300

04
04
04
04
04

04
04
04
[¢ 23
04

FLOW AREA

FTe%?

0.,291700D
0.2917000
0.2917000
042917000
0.336632D

0.,2138030
0.213803D
0.362744D
0.4000000
0.4000000

02
02
02
02
02

02
02
02
02
02

WATER SIDE HYDRAULIC INPUT

TUBE DNB MINIMUM GROEN. CONSTANT RELATIVE
HYDRAU. DIA. CORREL. H. T, COEF. CORPREL., FRIC. FACT, EPS./DIA, CURVITURE
IN 8TU/SC~FT2
0.1329000 0! 6 0.8333330-02 F 0.0 0.700000D-03 0.1540000-01
0.1329000 01 6 0.833333D-02 F 0.0 0. 7000000-03 ~ 0.1540000-01
0.1329000 01 [} 0.833333D0-02 F 0.0 0.7000000-02 0.1540000-01
0.1329000 01 -] 0.8333330-02 F 0.£770000-01 0.7000000-03 0.1540000-01
0.1329000 01 6 0.8333330~-02 F 0.6770000-01 0. 7000000-03 0.1100000-01
0.1329000 01 6 0.8333330-02 F 0.0 0.700000D-03 0.110000D0-01
0.1329000 01 6 0.8333330-02 F 0.0 0. T000000-03 0.1100000-01
0.132900C 01 6 0.833333D0-02 F 0.0 0.7000000-03 0.1100000-01
0.7660000 00 6 0.8333330-02 F 0.5000000 00 0.3000000-02 0.7000000-02
0.7660000 00 6 0.8333330-02 F 0.0 0.300000D0-02 0.7000000-02
0.766000C 00 6 0.8333330-02 F 0.0 0.3000000-~02 0.7000000-02
0.736000D0 00 6 0.833333D-02 F 0.0 0.3000000-02 0.680000D0-02
0.7360000 00 6 0.833333D-02 F 0.0 0.3000000-02 0.680000D0~-02
0.7770000 00 6 0.8333330-02 £ 0.0 0.3000000-~02 0.7100000-02
0.6310000 00 [-] 0.8333330-02 F 0.0 0. 7000000-~02 0.5800000-02
0.7030000 00. 6 0.833333D-02 F 0.0 0. 7000000-02 0.6500000-02
HELIUM NODE INPUT
INLET JUTLET NODAL UPSTREAM ODNSTREAM
FLOW LENGTH VOL. HEIGHT POSITION POSITION VOLUME NODE NODE
FT FT 1=T0P 0=80TTOM FT%%3
0.1177500 01 0.117750D0 01 1 0 0.5870390 02 201 2
0.1177500 01 0.117750D0 01 1 ] 0.587039D0 02 1 3
0.117750C 01 0.117750D0 01 1 0 0.587039D 02 2 4
0.1177500 Ol 0.1177500 01 1 0 0,587039D0 02 3 215
0.228125D 01 0.2333300 01 1 1 0.168206D 03 215 6
0.1995920 02 0.1995920 02 0 1 0.4267340 03 5 7
0.1995920 02 0.1995920 02 0 1 0.426734D 03 6 8
0.2500000 01 0.3583300 01 0 0 0.281152D 03 7 230
0.311390D0 01 0.3113900 01 1 [} 0.1910020 03 230 10
0.282830D 0! 0.2828300 01 1 0 0.173486D 03 9 11

99



0.711480D0 03 - 0.176500D0 04 0.4000000 02 0.275680C
0.711080D0 03 0.1645500 06 0.4581000 02 0.3041800
0.7108100 03 0.155860D 04 0.4581000 02 0.3041 800
0,7105400 03 0.148960D 04 0.4581000 02 0.2812400
0.7103100 03 0.142090D 04 0.458100D 02 0.250750D

0.,710070D0 02 0.134440D 04 0.4581000 02 . 0.2507500D

MASS
FLOW RATE
LBM/ SEC

0.5222000
0.5222000
0.5222000
0.522200D
0.5222000

0.522200D
0.522200D
0.522200D
045222000
0.5222000

0.5222000
0.522200D
0.5222000
0.5222000
0.5222000

0.5222000

03
03
03
03
03

03
03
03
03
03

03
03
03
03
03

03

AVG. TUBE
OUTSIDE DIA.
N

0.1625000 01
0.1625000 01

0.1625000 01
0.1625000 Ol

0.1625000 O1

0.400000D 02
0.400000D 02
0.112500D 01
0.1125000 01

0.1125000 0!

0.1125000 01
0.100000D 01
0.100000D 01
0.1000000 01

0.100000D0 01

0.100000D0 01

M -N-N-N-N-]

CONSTANT

0l 0.2756800

o1 0.304180D
ol 0.3041800D
0l 0.2812400
o1 0.250750D

0l 0.250750D

01
01
01
o1
01

ol

g

HEL IUM HYORAULIC INPUT

FRIC. FACT. EPS/OIA.
0.0 0.1000000 01
0.0 0.1000000 O1
0.0 0.1000000 01
0.7500000-01  0.100000C 01
0.7500000-01 0.100000D 01
0.8000000-01 =0.1000000 02
0.8000000-01 -0.100000D 02
0.7500000~01  0.100000C 01
0.0 0.100000C O1
0.0 0.100000C 01
0 0.100000C 01
.0 0.1000000 01
.0 0.1000000 O1
.0 0.100000D 01
.0 0.100000C 01
0.0 0.100000C 01

NO. ROWS
TNL INE

P

0

11
18
16

16
19
19
18
16

15

0

0

0

o]

0

[¢]

NO. ROWS

STAGGERED
2
2
2
2
7
[¢]
0
10
(-]
5
5
7
6
5
6
5

0.1690980
0.200003D
0.2000030D
0.184921D
0.164871D0

0.1648710

PITCH 7O DIA.

TRANSVERSE

0.152740D 01
0.1527400 01

01527400 0L

0.1527400 Ol
0.455130D 01

0.1000000 01
0.100000D 21
0.7252800 0Ol
0.169330D 01
0.1693300 01

0.169330D 01
0.190500D0 01
0.1905000 01
0.1905000 01
0.1905000 01

0.1905000 01

03 10
03 11
03 12
03 13
03 14
03 15

PITCH TO DIA.

LONGITUDINAL

0.1558200
0.1558200
0.1558200
0.1558200
0.1527400

0.1000000
0.1000000
0.1693300
0.1396400
0.139640C

041396400
0.144200D0
0.1442000
0.1442000
0.1442000

0.1442000

01
01
01
o1
01

ol
01
ol
0l
01

ol
ol
01
01
o1

01

12
13
14
15
16

251
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P T TP TUNNEL INPUT Shkkhhkik &

THE FIRST NODE IN THE TUNNEL IS 5
THE LASY NODE IN THE TUNNEL IS 8

* ok Ak ko kA WATER AND HELIUM ALLOWABLE TEMPERATURE CHANGES bbbl

ALLOWABLE TEMPERATURE CHANGE FOR WATER = 0.10000000D0 01
ALLOWABLE TEMPERATURE CHANGE FCR HELIUM = 0.20000000D 00

AR R Ea AR R AR A R AR AR AR E AR AR A SRtk hkRsaakdt  WATER SIDE ARARRRRR R R AR RN WA R AR EARS RA R KR SR AR R SR RN
Al Ak ol R S e b R R ok R o e ol o o S FLOW RATE V¥S. TIME ARKRRRS SRR PR CRAA R A AR AT EE Ap ko d Rk k bk
TIME FLOW RATE TIME FLOW RATE TIME FLOW RATE TIME FLOW RATE
0.0 1.14530 00 1.00000 01 1.0833D 00 1.20000 02 4.53800-01 1.40000 02 3.38900-01
1.50000 02 © 2.88600-01 1.6000D0 02 2.86100-01 1.40000 03 2.86100-01
e L L L L T PP N e e T WATER SIDE ttttttttttttttnn-tn-;.tt-tttttt-ttttitnnt-t*-tt#tt
A AR R A e o et ol sl e e sk ok i e ol e ke s b ke K PRESSURE VS. TIME st sk ol o o o ol s e e e ok R ek
TIME PRESSURE TIME PRES SURE FIME ~ PRESSURE TIME PRESSURE
0.0 2.96500 03 1.60000 02 2.74120 03 1.40000 03 2.7266D 03
oo o sk o sl ok ol ok ol ofeate sl o o 0 o o o ok s o o ool o o o o o e o ok o ok WATER SICE FRAREEARRRA RN AER R SRR R RAR RN R ERARES RE SR gr ) XAk dkx
S R ok Ak SRRk R B Rk R Ak KRR kR AR ENTHALPY VS. TIME AEARESRR AR AR ERARRR AL SRR RR AR NS RAAR R R Rk b Rk
TIME ENTHALPY TIME ENTHALPY TIME ENTHALPY TIME ENTHALPY
0.0 3.46800 02 1.00000 02 3.0610D Q2 2.0000D 02 2.77600 02 3.0000D0 02 2.62300 02
4.00000 02 2.47600 02 500000 02 2.34600 02 6.0000D 02 2.22700 02 7.0000D0 02 2.1430D 02
9.00000 02 2.12500 02 1.4000D 03 2412000 02

89



e geage e s e ole sl ol vie e ok afe ol e ol ok ol ol ol oy ol ol sy ek e e o ale ol sroie 2 e o o ok 2l ale ol ol o o ol
ol ol ol ok gie sk ale ol sfcole sl ol afe sfzole sbe ok ol sk s ety sk ol e ol gl ale e ol e ol ol e e ol ok ol e 2l e ok oy

TIME

0.0

4.00000
8.00000
1.20000
1.60000
2.10000
2.50000
2.90000
3.30000
3.70000
4.10000
4.50000
520000
6.00000
T.40000
9.00000

e afgale e 3 ol e 3 e afy e A ol e 2 sfe ol ol ale ok 3 sl ol ol sl 3 ool ol sfealede sl sl ok sl sk e o .‘tt.ti'i
ol ey 33 e 3ie e e srate ke A ade sl ole iy o ol e ok e sie ol sl by o ol ot 2l ol besle slooke aie o st S o ol o gk ok ok

TIME

0.0

4.0000D
8.00000
1.20000

w2k o sl i gt e hesic aleale e oly e sde ale e e alk e ol sl abe sl aic ol e ol ol alr-dr e r sk o sjeafe ok ale ol oke e o o ol bl
o sleile sk e st o g i Jicoke altal e ol sl sedg s ol e sl afe 28k 3l e sie sl e gl ol ale ol el e i el e e e ol ol e 2k

TIME

0.0

4.00000
1.30000
2.50000
3.90000
5.60000
7.00000

ol
ol
02
02
02
02
a2
02
02
02
02
174
02
c2
02

02
02
03

01
02
02
02
02
02

FLOW RATE

5,22200
3.87500
2,96900
2.19500
1.50000
1.49700
1.67200
2.15400
2.63500
2,7570D

* 201600

1.52000
1.4650D
1.44500
1.2290D0
1.1300D0

02
02
02
02
02
02
02
02
02
02
02
02
a2
02
02
02

PRESSURE

7.15000
6.12800
5.3040D0
4.90400

02
02
02
02

ENTHALPY

2426930
2.20670
2.00050
1.82300
1.53610
1.41510
1.36410

03
03
03
03
03
03
03

TIME

1.00000
5.0000D0
900000
1.30000
1.80000
2.20000
2.60000
3.00000
3.40000
3.80000
4420000
4.60000
5.4000D
6420000
7.60000

TIME

1.0000D
5.00000
9.00000
1.30000

TIME

1.00000
6..00000
1.40000
2.9000D
4.10000
6.0000D
7.40000

ol
0l
01
02
02
02
02
02

02

02
02
02
02
02
02

02
02
02
03

ol
ol
02
02
02
02
02

HELTUM STDE

FLOW RATE VS. TIME

FLOW RATE

4.90400
3.58100
2.80600
-~ 197500
1.49800
1.51700
1.7610D
2.32800
2.7090D
2.48300
1.75100
1.52500
1.4080D
1.4710D
1.26500

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

HELTUM SIDE

TIME

2.00000
6.00000
1.00000
1.40000
1.90000
2230000
2.70000
3.10000
3.50000
3.90000
4430000
4480000
5.60000
6 +40000
8.00000

PRESSURE VS. TIME

PRES SURE

6.60500
5.81300
5.19700
4.79900

02
02
02
02

HELIUM SIDE

TIME

2.00000
6.00000

1.00000 -

1.40000

ENTHALPY VS. TIME

ENTHALPY

2426990
2.15520
1.98860
1.73970
1.51270
1.39580
1.35159

03
03
03
03
03
03
03

TIME

2.0000D
1.00000
1.50000
3.50000
4.60000
6.20000

- i*lttlti&ﬁttl’lt‘ittitttitﬁlttitll‘iittttttttltlit

Mo sieale sirde e e ok ok ol okl afealoleoke sl sl ale e ole e ofr ok ok e ok sl ok o ek ol ok ok ok Sk

01
0l
02
02
02
02
02
02
02
02

02"

02
02
02
02

FLOW RATE

4.5600D0
3.33500
2.63400
1.70800
1.49200
1.55100
1.87200
2.43200
2.78700
2.3150D
1.57300
1.53300
1.37900
1.11900
1.21600

02
02
02
02
02
02
02
02
02
02

Q2

02
02
02
02

TIME

' 3.00000

7.00000
1.10000
1.50000
2.00000
2.,40000
2 2.80000
3.2000D0
3.56000
4.00000
4.40000

" 5.00000

5.7000D
7.00000
8.40000

01
ol
02
02
02
02

02

02
02
02

02 .

02
02
02

02 |

4421000
3.13500
2.45100

. 1.43300

1.49200
1.60300

. 2400500

2.54300
2.76500
2.17000
1.52600
1.51200
1.38000
1.1450D

1.16800

_FLOW RATE

02

02
02
02
02
02
02
02
02
02
02
02
02
02
02

t‘t"lt‘tttitt‘tlt sieale sbealy ol o e S8 sl oy ey tlit”.tit‘tttititﬁt

e sbrak ol alestrsie 2k o 2t o ok 20k afe ok ol s o 3 20 ot sl ol s e o o leale obeob i ofe e ok o ol ok e ok

02
02
03
03

01
02
02
02
02
02

PRESSURE

| 6429600

5.60800
5.09600

- 4.70500

02

02’

02
02

ENTHALPY

2.25510
2.05660
1.9804D
1.60230
1.47520
1.38650

03
03
03
03
03
03

 TIME

3.00000

7.00000
1.1000D
1.50000

TINKE

3.00000
1.10000
2.30000
3.70000
5.00000
6.40000

02
02
03
03

01
02
02
02
02
02

"PRESSURE

642050D

5.42000
5.00000

4.64500

02
02
02

02

e o e 2 ol ot e s o e sl o 300 20 SR o 2 ol ek o sl ot e ok oK alre ool b 3 B R
sk ok ok e o o o ok S e el ol oK e skl

ENTHALPY

2.22200
2.03500
1.85820
1.56560D
1.4473D0
1.38240

03
02
03
03
03
03

69



INPUT
FRICTION FACTOR

-3.20601529D-05
-7.847499610-05
~8.656069420-05
6.75103072D-02
6.748371990-02

-4 269130260-04
=64302823490-04
-1.170371380-03
5.003659400-01
7.725176480-03

3.99275062D-03
1.107666630-06
3.060591910-07
~5.936317020-04
-4.,806932500-03

-2.318827780-03

desterl e el ol ste sle sk alole Skl abe abe v o e ol e e e S0 e ot e aleole e el s e Sl ke e el e ol o

CALCULATED
FRICYION FACTOR

1.837147000-02
1.83867392D-02

1. 8402374 80-02

1. 84174219D-02
1. 8431984 7D-02

le 84444144D-02
1. 845598500-02
1. 84651 7400-02
2.667225030-02
2.657545240-02

2.652133650-02
2. 64T7374500-02
2.646378980-02
2.64805755D-02
3.376755320-02

3.377873640-02

b L L it ]

CALCULATED
CURVITURE FACTOR

1.389778090 00
1.38531816D 00
1.38099078D 00
1.377034290 00
1.315565890 00

1.313Q03928D 00
1.310770190 00
1.309021750 00
1.18106659D0 00
1.191173830 00

1.198204980 00
1.202618800 00
1.204314800 00
1.205890520 00
1.251095470 00

1.253458080 00

STEADY STATE OQUTPUT

WATER SIDE

P2 i EE it

TWO — PHASE TRANSITION REGION PARAMETERS

MULTIPLIER

1.000000000 00
1.000000000 00
1.00000000D0 00
1. 000000000 00
1.000000000 00

1.000000000 00
1.00000000D 00
1.000000000 00
1. 000000000 00
1.0000000Q0 00

1.000000000 00
1.000000000 00
9.360195420-01
9.104288370-01
1.000000000 00

1.000000000 00

A

1.013226580-03
1.013226580-03
1.013226580-03
1.013226580-03
1.013226580-03

1.01322658D-03
1.01322658D-03
1.013226580~-03
5.345572460-04
54345572460-04

5.345572460-04
5.34557246D-04
5.34557246D-04
5.345572460-04
2.008127700-04

2.00812770D0-04

AR S RBREE AR SRR RSP ERER SRS RN AR AR R RS RhS AR R R E

8

4.449598620-01
4.449598620-01
4.449598620-01
44449598620-01
4.44959862D-0!

4.449598620-01
4.449598620-01
4.449598620-01
5.28552283D-01
5.285522830-01

5.285522830-01
5.285522830-01
5.28552283D-01
5.285522830~01
6.565398900~01

6.565398900-01

F=A®EXP{RE) =B

174



INPUT
FRICTION FACTOR

. =2.021701740-03

-9.149886170-04
~8.70728134D-04
7.406085380-02
7.30783807D-02
7. 78005348D-02
7.948882180-02
7.336793420-02

-1.896355290-02
-1.991043300-02

-1.63648924D-02

-8.791583790-03

~9.991237000-03
-1.30058983D-02

-1.971564480~02 .

1.49630109D-01

g g bk ik
CALCULATED
FRICTION FACTOR
3.856499070-01
3.849274570-01
3.5&2349100—01
3.8356594 70~ 01
4.230909460501

0.0
0.0

© 6.165629560-01

1.26806905D 00
" 1.09385443D 00

1.085053710 00

1.176997720 00
1.09933258D 00
9.88383274D-01
9.82111473D-01

8.71924€28D-01

HELIUM SIDE

TUBE 'GRINISDN PARAMETERS NU=BRREASN&{PR/.69)%%]1/3

NUMBER

@ NOW

16
15

14
13
12
11

10

*EREkgr kRS

8

2.565118210-01
2.565118210-01
2.565118210-01
2.565118210-01
2.565118210-01
2.565118210-01
2.56511821D-01
2.565118210-01

1.67014588D-01
1.670145880-01

1.67014588D-01
1.46854744D-01
1.46854T7440-01
1.46854T7440-01

1.468547440-01

1.468547440-01

N

6.15085816D-01
6.150858160-01

64150858160-01

6.1508581 6D-01
641508581 6D-01
6.1508581 60-01
6.150858160-01
6.15085816D-01

6.623726030-01
6.623726030-01

6.62372603D-01
6.756699200-01
6.,75669920D0-01
6.756699200-01
6.756699200-01

6.75669920D-01

V4



st ok ok s ok feak ok ke sk ok o el koo kb ok o kol ok ke ko ok WATER SICE P T Tt PR T R S ST P LR T T A L
INTFRNAL MASS 212 P12 122212 e T PRESSURE DRQP - PSI AR AR RS I X RREERE

NODE PRESSURE TOTAL MASS ENERGY TEMP. QUALITY FLOW RATE INERTIA PRESSURE STATIC HEAD MOMENTUM FRICTION

PSIA LBM BTU DEG. F LBM/SEC

1 629,80 4.779300-02 5.803330 01 679.50 1.17 1.62646D 00 2.88210~13 3.5484D 00 -8.3862D-03 ~-1.9853D-01 -3.34150 00

2 626425 4.47184D-02 5.538650 01 T29.75 1l.22 1le 62646D 00 3.3218D0-13 3.9767D 00 ~T7.8467D-03 -441254D-01 -3.5563D 00

3 622,27 4.20123D-02 5.30326D 01 781.11 1.2¢ 1.62646D 00 4.0925D-12 4.19590 00 -7.3718D-03 -4.1304D-01 -3.7755D0 00

4 618,08 3.963510-02 5094410 01 830.55 1l.30 1.62646D 00 =7,5051D0-14 1.5091D 01 ~6.9547D-03 -4,09370-01 -1.4675D 01

5 602.99 3.691930-02 4.825350 01 878.76 1.32 1.62646D 00 2.4583D-11 1.6087D0 01 6.4782D-03 ~-5.32230-01 -1.55610 01

[ 586.90 3.45596D0~02 4.58279D 01 920.04 1.37 1.62646D 00 —~9.4089D~12 4.8356D 00 6.06410-03 -5,3034D-01 ~4.3114D 00

7 582.06 3.321080-02 4.45703D 01 958.08 1.39 1.62646D 00 5.04020-11 4.7742D 00 5.82750-03 ~3436990-01 -4.4431D 00

8 577.29 3.21154D-02 42352410 01 9688.36 1l.42 1.62646D0 00 =4.4409D-16 4.7742D 00 5.63520-03 -2.,9451D-01 -4.4854D 00
9 2881.59 £.54360D 00 2.59445D 03 426,321 -1l.44 1.145300 00 1.0658D~14 8.3367D0 01 -9.3085D-01 -2.0564D-02 -8.2416D 01
10 2798.22 5.96507D0 00 3.014090 03 524.32 -0.89 1.145300 00 0.0 7.59290 00 ~-8.48550-01 -5.01600=-02 ~6.6942D 00
11 2790.63 5.,974210 00 3.60136D 03 602.68 -0.54 1.145300 00 ;.32200-12 8.5549D 00 ~8.4987D0-01 -6.80000-02 -7.63700 00
12 2782.07 5.04335D0 00 3.535170 03 664.1T7 -0.18 1.145300 00 1.12020-15 1.1643D 01 -7.77120-01 -2,46350-01 -1.0619D Ol
13 27704423 2.6T7T793D0 00 2419563D 03 683.35 0.27 1.14530D0 00 -~3,5527D~15 1.99300 0} -4.1264D-01 -7,78840-01 -1.8738D 0!
14 2750.50 1.29885D0 00 1.26794D D3 682.27 0.88 1.145300 00 0.0 2428240 01 ~1.9563D-01 -8.9496C~01 -2.1734D 01
15 2727.68 4.904590-01 5.55192D0 02 766.09 1.51 1.145300 00 =5.9686D-13 1.56500 02 -1.1202D0-01 ~7,9721D 00 ~-1.4842D 02
}6 2571.18 4.36008D-01 5.53168D0 02 938,57 1.90 1145300 00 ~T7.1054D-15 1.5650D0 02 ~8.02250~-02 2.3057C-02 -1.5644D 02

44



2 frak o ok sk ol ol ok sk shoolr s e ol ok alr ok sk ol sheale o e ookl ok ik ol ke s ek ke 3 ol o ke O ik

NODE PRESSURE

VS w -

VOO

—

12
13
14
15

16

PSIA

714467
714.32
713.97
713.63
713.23

712.52
712.37
T12.22
Tl2.42
711.85

Tll.41
T11.00
710.73
710.45
T10.21

709.99

TOTAL MASS

LBM

8.64112D0
8.78723D
8.929800
$.069880
2.61806D

6.635350
6.63395D
44369820
3.052980
2.950530

3.09658D
3,94269D
44176060
4.043780
3.78189

3.999250

00
00
00
a0
01

ol
o1
01
0l
01

01
ol
12
ol
0l

(13

INTERNAL

ENERGY

BTU

1.167200
1.166490D
1.16580D
1.165120
3.336400

8.455970
8.45419D
5.568820D
3.783510
3.432210

3.341250
3.947020
3.943210
3.642760
3.24%000

3.241850

04
04
04
04
04

04
04
04
04
04

04

TEMP.
DEG. F

1341.31
1210.29
1281.00
1253.11
1239.48

1239.49
1239.49
1239.49
1192.69
1091.31

979.00
875.11
799.33
T4l.42
684,36

621.13

HELIUM SICE

MASS

FLOW RATE

LBM/SEC

5.222000
5. 222000
5.222000
5.222000
5.22200D

5. 222000
5.22200D
5. 222000
5222000
5.222000

5.22200D
54222000
5. 222000
54222000
5.22200D0

5. 222000

02
02
02
02
02

02
02
02
02
02

02
02
02
02
02

02

WAREEEAREREX G LR RRRE AT R RS AR AR SRR RE RIS SR DGR ISR

“

# Rk ok Rk Rk e kok ok

INERTIA

4o16330-17
4.16330-17
4.16330-17
2.77560-17
1.38780-17

0.0

0.0
-1.38780~17

8.32670-17

1.52660~16

6.93890~-17
-1.38780-17
1.3878D-17
0.0
2.7756D~17

=2.7T756D~117

PRESSURE

3. 54540-01
" 3.4501D-01
3.39180-01
4. 0048D-01
7.09920-01

1« 5091D0-01
1.53070-01
=2.02040-01
5. 6354D-01
4.4625D-01

4. 0939D0-01
2.68820-01
2. T9570~-01
2. 39250-01
2. 24790-01

2. 24790-01

PRESSURE DROP - PSI

STATIC HEAD

1.20370-03
1.22400-03
1.24390-03
1.2634D-03
0.0

-2.1552D-02

-2.15470-02
0.0
3,45640-03
3.34040-03

3.50580-03
4.16410-03
4.41060-03
4027090-03
3.9943D-03

4.22390-03

gk d SR RBRR xS Rk
MOMENTUM FRICTIDN
3.92480-03 ~3.5967D-01
7.81490-03 ~3,.54040-01
7.37900-03 -3,47800-01
7.02380-03 -4.0877D-01
-3.79590-01 -3.3033D0-01
-8.21900-04 ~1.28530-01
-1.74820-04 -1.31350-01
5.98180-01 -3.9614D-01
6.5386C-03 -5,7354D-01
1.38480-02 -4.6344D-01
1.54170-02 -4.2831D-01
5.86140-02 -3.31600-01
T7.95170-03 -2.91930-01
6.06740~-03 -2,4959D-01
5.9880D-03 -2.34770-01

6.64610-03

-2.35660-01

€L



Wk ok sk Rk ok ke AR AR ARk Rk SRk Rk R ok ek Rk ok o kb R ek TUBES Mol o st ool o o s ol ol o N o o o ol o e ook e o ook e ek ol e B ol oA I TR A o ok ok ke

“Assoc. , HELTUM TUBE WA TER HEAT ,
HEL TUM HELTUM HEL TUM SURFACE  AVERAGE  SURFACE WATER WATER TRAN. MASS ON8
NODE i NODE  HEAT FLUX TRAN. COEF, TEMP, TEMP, TENP, TRAN, COEF, HEAT FLUX  MNDE FLUX FLUX

BTU/HR-FT2 BTU/HR-FT2-F DEG. F DEG. F DEG. F BTU/HR—FT2-F BTU/HR-FT2 LBM/HR-FT2 8TU/HR-FT?2

1 4 9,227130 04  3,916400 02 1017.51 965,54 908,08  4.935830 02 1.128220 05 7 6,078120 05 0.0

2 3 8.B89079D 04 3,931660 02 1054.86 1005.67 951,27  4.90756D0 02  1,087100 05 7  6.,078120 05 0.0

3 2 8.58533D 04  3,94750D 02 1092.80 1046.11 994,48  4,91978D 02  1.04975D 05 T 6.078120 65 0.0

4 1 8.35122D0 04  3.964080 02 1130.64 1085.97 1036.58 4.95616D 02  1.02112D 05 T  6.078120 05 0.0

5 1 7.603700 04  3.96408D 02 1149.50 1109.21 1064.66 5,00117D 02  9.29730D 04 7T 6.078120 05 0.0

6 2 6.42948D 04  3.94750D 02 1147.41 1113.41 1075,80 5.04698D 02  T7.86138D 04 T  6.,078120 05 0.0

7 3 5.33443D0 04  3,931660 02 1145.32 1117.14 1085.,99 5.09916D 02  6.52259D 04 7 6.078120 05 0.0

8 4 4.38103Dp 04  3,916400 02 1141.25 1118.11 1092.54 5.14213D 02  5.35732D 04 7  6.,078120 05 0.0
9 16  4.51325D 04  3.50353D 02 480.89 465,83 448.63  2,87366D 03  6.41416D 04 1 1.28836D 06 1.92284D 06
10 15 4.100100 04 3,54250D 02 568, 62 556, 05 541,70 3.08079D 03  5.35259D 04 1 1.28836D 06 1.502000 06
n 14 3,59670D0 04 3.57630D 02 640,85 629.82 617,23  3,227670 03  4.69541D0 04 1 1.28836D 06 1.115150 06
12 13 3,48093D 04 3.609380 02 702.89 690. 75 676461  3.80265D 03  4.72946D 04 1 1.395530 06 .7.54085D 05
13 12 5.426000 04 3,65097D 02 726449 707.57 685,52  3.399%70 04  7.37221D 04 2 1.39553D 06 2.21606D 05

14 11 7.253210 04 - 3,853870 02 790.79 757.02 716,41  3.076310 03  1.05016D 05 4 1.25214D 06 0.0

15 10  6.68084D 04  3,91417D 02 920.63 874. 175 813,59 2.50708D 03  1.19098D 05 T  1.89861D 06 0.0

16 9 5.20167D 04 3.96584D 02 1061.53 1031.59 993.76  1,508190 03  8.32356D 04 7  1.529620 06 0.0
PP TR L P P L T REHEATER AND STEAM GENERATOR INLET AND NUTLET CCNDITIONS ERERRRERRRARRBRE SRR RN SE RS SRRk

®awds REHEATER wewh= saaxs  STEAM GENERATOR ##uus
-------- INLET OUTLET - - - - INLET —-ceeee-e m——-=== QUTLET ==—==---
WATER HELTUM WATER HEL UM WATER HEL [UM WATER HEL1UM

PRES SURE 6.28800 02 7.1500D 02 5.7490D0 02 7.13230 02 2.9650D 03 7.13230 02 2.49290 03 7.0987D 02
TEMPERATURE  6.51400 02 1.35730 03 1.00160 03 1.23950 03 3.6967D 02 1.23950 03 1.03280 03 5.8666D 02
ENTHALPY 1.31130 03 2.26930 03 1.51800 03 2.12250 03 3.4680D0 02 2.12250 03 1.47800 03 1.30940 03
SPEC. VOL. 9.42800-01 6.85030 00 1.4734D 00 6.42480 00 1.79630-02 6.42480 00 3.1584D-01 3.99330 00
FLOW RATE 1.62650 00 5.2220D 02 1.6265D 00 5.22200 02 1.1453D 00 5.,22200 02 1.14530 00 5.22200 02

174
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NODE PRESSURE

(LR N T g

QOVO~N>

-

12
13
14
15

16

PSIA

152.617
151.99
151.14
150.26
147.04

143.65
142.68
141.73
2624.16
2618.23

2616.96
2615.62
2614.16
2612.75
2611.74

2607.67

TOTAL MASS
LBM

1.09359D-02
1.029770-02
9.767930-03
$.32957D~-03
8.82757TD-03

8.40186D-03
8.18806D-03
8.02638D-03
64732650 00
€.0656TH 00

6.195670 00
5.59237D 00
4.927040 00
2.567420 00
8.802450-01

6.22818D0-01

INTERNA
ENERGY
8TuU

1.351050D
1.29640D
1.250000
1.211120
1.16018D

1.11510D
1.094610
1.078500
2.381020
2.9483870

3.55178D
3,602140
3.491810
2.044230
8.,371410

7.107220

L

[0} §
01
o1
ot
o1

0l
o1
01
03
03

03
03
03
03
02

02

TENP,
DEG. F

664,52
721.47
T78.22
826.98
867.12

896452
918.28
933.01
385.21
506.87

579.42
629.96
665.60
674463
6T4,57

T66 .04

TRANSTIENT QUYPUT NUMBER 21
TIME STEP NUMBER

TRANSIENT TIME =

WATER SICE

MASS

QUALITY FLOW RATE

1.19
1.22
1.25
1.28
1.31

1.32
1.34
1.35
~l.16
-0.75

=0.49
-0.27
-0.07
0.22
0.75

1.45

LBM/SEC

.3.66692D-01

3.66817D0-01
3.66934D-01
3.670450-01
3.671500-01

3.67250D0-01
3.673490-01
3.674480-01
2.85133D0-01
2.85014D-01

2.852400-01
2.847790-01
2.825060-01
2. 694070-01
2.639010-01

2.624890-01

8100
200.0000 SEC.

el wirake sheale e i sbe sl sle ol ookt ok ofe e 2k sl ol oo e o ke ok A o kol kb ok b e ek k ik kA
o sie ek oir e 3le o sle e i v siv 2je v sbc afe 2l ol ol e sie ol e sleofy v ol 3l oy e s e ofe ol iy ofe ol e O i o b ok
WAk Rkd AR RS R RS REAE B AR TR I AR A N A kR kg ko

Rk Rk Rk Rk kR
INERTIA PRESSURE
<1.24410-03 6.85330-01
-6.48860-04 B8.42980-01
~6.T646D-04 8.7888D-01
-1.38390-03 3,22100 00
-1.46340-03 3.38870 00
-7.7578D-04 9.7318D-01
-T7.8222D-04 9.51000-01
3.87810-02 9.78680-01
1.9744D-04 5.9264D 00
-1.34540-03 1.27100 00
3.28110-03 1.3399 00
4.62880-03 1.45920 00
=5.46990-03 1.40880 00
2.1099D-03 1.0164D 00
8.8717D-04 4.0609D 00
5.3569D-03 5.62070 00

PRESSURE DROP - PSI

STATIC HEAD

-1.91890-03

~1.80690-03

-1,71400-03
-1.6370D0-03
1.54900-03

1.47430-03
1.4367D-03
1.4084D-03
-9.57740-01

-8.63430-01

~8.,81370-01
-8.61710-01
~7.59200-01
~3.86710-01
-2.01040-01

-1.14600-01

e e e e e S o o ol sie e 300t e sy sl sle ol e e aipol e i ol il kol sl s kR sl o e ok ok de bk ke Sk ok

MOMENTUM

2.9905D0-02
-8.35730-02
-1.77720-02
-1.11530-02
-8.99610-02

-8.4824D-02
-4.64020-02
-3.69610-02
-1.34230-03
=3.37410~-03

~3.47060-03
-1.1163D-02
-5+ T5150-03
-1.66210-02
-2.39900-01

-1.48330-02

b e ol ol o wle e ol o o ol ok ok

FRICTICN

=7.14560-01
-7.58250-01
-8.00070-01
=3.14960 00
-3.30170 00

-8.90600-01
~9.06810-01
-9.0435D0-~01
~4,96710 00
-4,05570-01

-4.51820~01
~5.81670-01
-6.49340-01
-6.11000-~01
-3.6190D 00

-5.42590 00

SL
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NODE PRESSURE

VDW=

COVm~NO

—

11
12
13
14
15

16

PSIA

629.50
629.46
629.43
629.40
629.37

629.31
629.27
629.24
629.25
629.20

629.16
629,13
629.10
629.08
629.06

62%.04

TOTAL MASS

LBM

9.045380D
9.15652D
9+26656D
9.37825D
2.703370

€.857750
6.857020
44517010
3.18587D0
3.123270

3.24362D
3.98476D
4.,09445D
3.90883D
3.63195D

3.8685T0

00
00
00

00

ol

o1
o1
ol
01
ol

13}
0l
o1
01
01

a1

INTERNAL

ENERGY

BTU

1.027620
1.02748D
1.02734D
1.027200
2.94295D

T.465470
T.465090
4.918100
3.340220
3.031750

2.953200
3.49148D
3.490410
3.226010
2.87486D

2872690

04

04
04
04

04
04
04
04
a4

04
04
04
04

04

TEMP.
DEG. F

1055.C7
1036.48
1018,.51
1000.70

991.81

991.80
991.88
9924 04
938.24
834.58

754. 26
708.59
676,94
640.73
595.71

530.40

HEL fUM SIDE

MASS
FLOW RAT
LBM/SEC

1.49198D
1.491970
1.491980
1.491990
1. 492030

1.492150

1.492270
1. 492350
1.492420
1. 492520

1. 492660
1. 492840
1. 493010
1. 493190
1.493360

1. 49353D

3

02
02
02
02
02

02
02
02
02
Q2

02
02
02
02
02

02

AR AT R ARG R AR R RRET R A AR RS AR RA AR RN RS PP R R PR TSk

xS w KRG R R Pk kg

INERTIA

1.2265D-07
4.37610-07

~1.4486D-07

=2.16540-07
-3.15330-07

-2.30870-07
-2.97690-07
-1.,02570-07
~1.7568D-07
~2.61220-07

-3.5368D0-07
~-2.19130-07
-2.1817D0-07
-2.0562D-07
-2.064120-07

7.71990-03

-1.0605D-02

PRESSURE DROP - PSI

STATIC HEAD

1.26000-03
1.2754D-03
1.29080-03
1.30630-03
0.0

-2.,2274D-02

-2.22720-02
0.0
3.60690-03
3.53600-03

3.67230-03
4.2086D0-03
4.3244D-03
4.12830-03
3.83600-03

4.0859D0-03

LA L2 RS DAL £ 8t Ly ]
MOMENTUM FRICTION
2.2257D0~04 ~3.34230-02
444520D-04 ~3.,3052D-02
4,29760-04 -3.2620D-02
4.,25500~-04 ~3.T4740-02
-3,00610-02 ~3.05150-02
-1.63990-05 ~1.01540-02
=1.T74060-05 ~1.03770-02
4.7429D-02 ~3,68240-02
6.86450-04 ~5.3580D-02
1.3218D-03 ~4.2638D-02
1.02310-03 -3.98560-02
4.16500-03 -3.21010-02
3.05570-04 -2.9232D-02
3.5027C-04 =-2.54030-02
4.3653D-04 =2.41240-02
643474D-04 -2.33500-02

9L
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ASSOC. HELTUM TUBE WATER .. HEATY
HEL TUM HELTUM HELT UM SURFACE AVERAGE SURFACE WATER WATER TRAN. MASS DNB
NODE NODE HEAT FLUX TRAN. COEF. TEMP, TEMP. TEMP, TRAN. COEF. HEAT FLUX MODE FLUX " FLUX
8TU/HR-FT2 BTU/HR-FT2-F DEGe. F DEG. F DEG. F BTU/HR-FT2-F BTU/HR=-FT2 LBM/HR-FT2 BTU/HR=FT2
1 4 2.12882D 04 1., 743140 02 8r8.58 866.02 852.57 1.34143D0 02 2.52258D 04 7 1.370330 05 0.0
2 3 1.90524D 04 1. 748210 02 909.53 898, 46 886.60 1.36740D0 02 2.253090 04 T 1.37080D0 05 0.0
3 2 1.69267D 04 1.75326D 02 939,94 930.25 920.00 1.396510 02 1.979950 04 7 1.371240 05 0.0
4 1 1.496650 04 1.75853D 02 969.97 961.52 952.42 1.42270D 02 1.78458D0 04 T 1.37165D 05 0.0
5 1 1.22436D 04 1.75853D 02 985.45 978.59 971.00 1.44471D0 02 1.50065D0 04 7 '1.37205D 05 C.0
6 2 9.004563D 03 1. 753260 02 985.12 980. 08 974.33 1.46227D 02 1.,13770D0 04 T . 1.372420 05 0.0
7 3 6.+34240D0 03 1.74821D 02 982.23 978.68 974.49 1.47252D. 02 8.277610 03 7 1.37279D 05 0.0
8 4 4.151910 03 1. 74314D 02 976.89 974.56 971.65 ° 1.48089D 02 5.72281D .03 7 1.37316D 05 0.0 .
9 16 1.€32960 04 1. 477350 02 419.87 . 414.87 409.05 9.09979D 02 2.16945D0 04 1 3.20749D 05 1.57495D 06
10 }5 1.02727D0 04 1. 495660 02 527.02 523.87 520.27 1.00216D0 03 1.34335D 04 1 3.20614D 05 1.13603D 06
11 14 7.18658D0 03 1. 507780 02 593.06 590. 86 588.35 1.04634D 03 9.350130 03 1 3.20869D 0% 8.45084D 05
12, 13 S .50929D 03 1.51722D 02 640.63 638.71 636.44 1.171010 03 T7.58992D0 03 1 -3.4699SD 05 6.30993D 05
13 12 5.10861D 03 1.52525D 02 675.09 673,31 6T1.17 1.28766D. 03 T.167610 03 1 3.4422%D 05 4.05821D0 05
14 11 1.091880 04 1622550 02 686497 681, 88 6T5.77 1,38942D 04 1. 582340 04 2 2.94538D0 05 5.93203D 0%
15 10 1.74456D 04 1. ¢43870 02 128445 71 6.47 700.53 1.19531D0 03 3.10352D 04 4. 4.37480D 0S5 0.0 '
16 .9 1.70972D 04 1;670090 02 835487 826.03 813.11 6.03819D 02 24842280 04 7 3.50571D0 05 . 0.0
ti#tttitttttttttttttttﬁ.titntﬁt ' REHEATER AND STEAM GENERATOR INLET AND OUTLET CONDITIONS ttttti@ttttt.tuttttaa;ng'it»-*tt
khkk®k REHEATER #ns=nx “mixk®  GTEAM GENERATOR s
-------- INLET - OUTLET - = INLET  ~=cece-- ———m=—e QUTLET ——————
WATER HELIUM WATER HEL TUM i WATER . 'HEL¥UN WATER = | HEL LUM
PRE S SURE 1.4464D 02 6.29610 02 1.41260 02 6.29570 02 2.74070 03 6.2924D 02 : 2.6049D 03 6429030 02
. TEMPERATURE 64 2993D 02 1.0646D 03 9.4192D 02 9.9181D0 02 3.02710 02 . 9.9204D 02 8. 86730 02 " 4.90326C 02
ENTHALPY 1.3398D 03 1.9041D 03 1.4996D 03 1.8134D 03 2.7761D 02 1.81370 03 1.35371D 03 1.18890 03
SPEC. VOL. 4.3600D0 00 6.5292D0 00 5.85¢68D 00 6.22210 00 1.7281D0-02 6.2243D 00 2.4473D-01 - 440915C 00

FLOW RATE 3.6656D~01 1.4920D0 02 3.67450-01 1.49200 02 2.86100-01 1.49230 02 2.62490—01‘ . 149350 02

LL
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NODE PRESSURE

Vi Wy

PSIA

52.89
52.67
52.40
52.14
51.17

50.18
49.90
49.62
2617.62
2611.79

2610.42
2609.18
2607.81
2606.41
2605.38

2603.45

TOTAL MASS
LBM

4.07845D~-03
3.934790-03
3.824340-03
3.738350-03
3.620410-03

3.51314D-03
3.46476D-03
3.424670-03
6.87813D 00
6.12885D 00

6.16202D 00
5.58881D0 00
5.19312D 00
4.551820 00
2.94838D 00

3.36619D0 00

INTERNAL
ENERGY

8TU

4.919780
44794500
44695620
4.61685D
4,491560

44374360
4.32633D
4,285320
2.199000
2.912710

3,55957D
3.601650
3.55543D
3.232300
2.145450D

2.519160

00
00
00
00
00

00
00
00
03
03

03
03
03
03
03

03

TEMP,
DEG. F

582.1%
613.36
636.40
653,52
664472

672.52
679.75
684.85
352.43
497.55

582.83
630.12
653.95
666.11
673.06

674.10

TRANSIENT OuTPUT
TIME STEP NUMBER

NUMBER 51
20100

TRANSIENT TIME = 500.,0000 SEC.

WATER SIDE
MASS
QUALITY FLOW RATE
LEBM/SEC
l.16 1.27098D~01
1.17 1.271240-01
1.19 1.27151D0-01
1.20 1.271770-01
1.20 1.272020-01
l1.21 1.272270-01
L.22 1.272520-01
1.22 1.272760-01
-1.26 2.852180-01
-0.78 2.827320-01
-0.47 2.783220-01
-0.27 2.738390-01
~0.14 2.699030-01
-0.06 2.66487D-01
-0.01 2.645500-01
0.0¢ 2.44634D0-01

REEAAE R AR ERE ) GRS R PE AR AR SRR FRE S VRN GRS E RS RE R RE

HEFAEEEE AT A AR SRS A AR AR A SRS AR ARk F R RN Rk
AR Ay AR A AR A RS ANRS TG AR ER AR AR IR SRR RPN
EREEREER AN EAEEREEERERE AN TR AR R R A AR RS R

Mook gk ek o ook ok ok PRESSURE DRQOP - PSI ARAERFEEIERERR TS
INERTIA PRESSURE STATIC HEAD MOMERNTUM FRICTION
=1.31630-04 2.2421D-01 -7.15640-04 1.45510-02 ~-2,3817D-01
-1.44180-04 2.,63500-01 -6.90430-04¢ -1.58630-02 -2.,47090-01
-1.48050-04 2.6826D-01 -6.7105D0-04 -1.3047D-02 -2.54690-01
~2.69610-04 9.64470-01 -6.55960-04 -1.07320-02 -9.5335D~01
=2.77570-04 9.9210D0-01 6.3527D-04 -1.54720-02 -9.7754D~01
-1.55430-04 2.8140D0-01 6,16450-04 -1.49860-02 -2.6719D0-01
=1.55670-04 2.75310-01 6.07960-04 ~7.17090-03 -2.68910-01
8.12280-03 2.79870-01 6.0092D0-04 -€.1286D-03 -2.6622D0-01
-1.86700-02 5.8273D0 00 -9,7844D-01 ~1.32%00-03 ~4.8662D 00
8.98690-02 1.,36030 00 -8,71850-01 -3,13630-03 -3,95440-01
=5.75220-02 1.2544D 00 -8.76590-01 -2.72580~-03 -4.32620-01
-3.39870-02 1.3747D 00 -8.,6117D0-01 ~9.1104D-03 ~-5.3843D-01
3.2513D0-02 1.39750 00 -8,0019D-01 -2.06860~03 -5.6272D0-01
-1.5394D0-02 1.0245D 00 -6.8560D-01 8,07700-03 -3.6233D-01
2.7744D-03 1.9326D 00 -6.73390-01 -5.39590-02 ~-1.2024D 00
1.48350-03 1.3968D 00 -6.,1938D-01 3.13620-02 -8.07320-01

8/
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NODE PRESSURE

N WN

- ,
OVE~NE

12
13
14
15

16

PSIA

581.19

"58l.16

58l.14
581l.11
581.08

581.03
580.59
580.96
580.97
580.92

580.88
580.85
580.82
580.79
580.77

580.74

TOTAL MASS

LBM

1.091010
1.09152D0
1.092300
1.09355D
3.135370

7.95340D0
7.95197D
54237820
3.576290
3.27101D0

3.202390
3.812590
3.856380
3.641250

" 34371710

3.61392D

[+3
ol
01
01
01

01
01
01
01
01

01
[+3
01
01
01

ol

INTERNA
ENERGY
BTU

9.472220
9.471750
9.47126D
9.470740
2.713520

6.88347D
6.883070
44534620
3.08052D
2.797620

2. 726560
3,224480
3.223980
2.980120
2.65589D

2.65381D

L

03
03
03
03
04

04
04
04
04
04

04
04

04

04
04

04

TEMP,
DEG. F

697.92
697.32
696443
695.05
694.25

694.28
694 .42
694 .64
688,81
680.68

675453
667.97
654.99
631.55
590458

519.42

HEL TUM SIDE

MAaSS
FLOW RAT
LBM/SEC

1. 512030
1.512040D
1. 512050
1« 512060
1. 512090

le51216D
1.512240
1.512290

1512370

1. 51250D

1.512630
1.51278D
1.512920
1.51301D
1. 513070

" 14 51315D

€

02
02
02
02
02

02
02
02
02
02

02
02
02
02
02

02

i ool e o ke 5K e e e sl e o e afe o e ol ok ek e e ok e ol gl ok 2ol ok W ol ol e kb okl sk ok ok kR

o ek ok i ok sk e i ko ok PRESSURE DRQP - PSI1 Wl ol R ok e ol ok
INERTIA PRESSURE STATIC HEAD MOMENTUM FRICTION
-1.0352D0-06 2.60640-02 1.51970-03 -2.0138D-07 -2.7585D-02
~1.04020-06 2.6104D-02 1.5204D-03 1.41690-05 -2.76400-02
~1.04740-06 2.6076D0~-02 1.52150-03 2.20440-05 -2.7621D-02
-1.06860-06 3.0681D-02 1.52320-03 3,50580-05 -3,2240D-02
2.3496D-03 5,55210-02 0.0 ~2.67880-02 -2.63840-02
-2+0972D0-05 3,48170-02 -2.58330-02 -1.,27580-05 -8,99190-03
-2.09080-05 3.50130-02 -2.58280-02 ~1.62520-05 =-%.1897D-03
-3.0716D-06 -9.66700-03 0.0 4.14730-02 -3.18090-02
2+32050-03 446068D-02 4.0489D-03 8.14530-05 -4,7878D-02
-2.18980-06 3.73330-02 3.70320-03 1.11620-04 =4.11500-02
-2.1313D0-06 3.73730-02 3.6256D-03 6.52830-05 -4.1070D-02
-1.91620-06 2.62700-02 4.02670-03 3.,95120-03 -3,4250D-02
=1.92950-06 2.7523D-02 4.07300-03 1.3799D-04 =-3.1736D-02
~1.6616D-06 2,38170-02 3.84570-03 2,52300-04 -2.7916D-02
-1.42820-06 2.2602D0-02 3.5611D0-03 4.4336D-04 -2.6608D-02
7.85600-03 2.88520-02 3.8169D-03 7.7063D-04 -2.55840D-02
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ASSOC. HELTUM TUBE WATER HEAT

HEL TuM HELTUM HELTUM SURFACE AVERAGE SURFACE WATER WATER TRAN. MASS DNB
NJDE NODE HEAT FLUX TRAN, CNEF. TEMP, TEMP, TEMP. TRAN. COEF. HEAT FLUX MODE FLUX FLUX
BTU/HR-FT2 ATU/HR=-FT2~F DEG. F DEG. F DEG. F BTU/HR~-FT2-F BTU/HR-FT2 LBM/HR-FT2 BTU/HR=-FT2
1 4 3.09559D0 03 i.bblOlD 02 676.42 674441 67T1.54 5+459590 Ol 4,88051D 03 7 4.74961D 04 0.0
2 3 2.021030 03 1. 661450 02 684,27 682. 96 680.78 5.52690D0 01 3.726520 03 7 4.75066D 04 0.0
3 2 1.20436D 03 1. 661750 02 6€90.08 689, 30 687,63 5.579030 01 2.85821D 03 7 4.75165D 04 0.0
4 1 5.843520 02 1« 661840 02 694.40 694.03 692.74 5.61735D 01 2.20344D 03 7 44752620 04 0.0
5. 1 1.50509D0 02 le 66184D 02 697.01 696.92 695.89 5.642690 01 1.758810 03 7 4.75357D0 04 0.0
6 2 -1.59282D0 02 1. 66175N 02 698. 28 698.138 697.56 5.660680 01 1.41771D0 03 7 4.75449D 04 0.0
7 3 =4.321580 02 1. 661450 02 699.03 699, 31 698.69 5676210 01 1.07493D 03 7 4.75541D0 04 0.0
8 4 -6.40378D0 02 1. 661010 02 698.91 699. 32 698.86 5.688700 01 T.96730D 02 7 4.756330 04 0.0
9 16 1.873290 04 1.486360 02 393.38 387. €4 380.94 8.764720 02 2.498800 04 1 3.208440 05 1.68699D 06
10 15 1067410 04 1. 507020 02 519. 75 516. 48 512.50 9.90604D 02 1.481130 04 1 3.18048D0 05 l.[68650 06
11 14 5587430 03 1.51843D0 02 594.76 593, 04 590.83 1.02924D0 03 8.240580 03 1 3.130870 05 84248230 05
12 13 2.81778D0 03 1. 52429D 02 636451 635, 53 634,15 1.13645D 03 4,58755D0 03 1 3336690 05 64223400 05
13 12 1.59395D0 03 - 1.52812D0 02 .657.54 656, 58 656419 1.175300 03 2.64061D 03 1 3.,28872D0 0S 4.817T7T7D0 05
14 11 1.03734D 03 1.614250 02 669.10 668,62 667.86 1.11593D0 03 1.956640 03 1 2.913460 05 3.69428D0 05
15 10 8.05687D 02 1. 615560 02 675.69 675. 14 6T4.16 1l.746730 03 1.9083}0 03 1 4,385550 05 3.92466D 05
16 9 1.884140 03 1.€617600 02 677.1¢ 676.07 6T4.62 6.,18260D0 03 3.19837D 03 2 3.267250 0S5 20572390 05
L T T L e e REHEATER AND STEAM GENERATOR INLET ANC OUTLET CONDITIONS FRARABRSAAA AARAE SRR ERRRARREAR SR
xasas  REHEATER *3wkx s#%ss  STEAM GENERATOR #%#es
———————— INLET -- QUTLET =——=mmm-e cemmmem=  INLET —em——-- - mmmmme= DUTLET —===e—=s
WATER HELIUM WATER HEL TUM WATER HEL1UWM WATER HELIUM
PRE S SURE 5.0109D 01 5.8131D 02 = 4,9486D 01 5. 81080 02 2.7372D 03 5.8096D 02 2,6028D0 03 5,80730 02
TEMPERATURE 5.59280 02 6.,9816D0 02 6.86870 02 6.9425D0 02 2.60170 02 6.94640 02 6. 74060 02 4,74080 02
ENTHALPY 1.,3092D 03 1l.44730 03 1.,37770 03 l.4424D 03 2.34600 02 1.44290 03 7.8438D 02 1.16830 03
SPEC. VOL. 1.18190 01 538070 00 136790 01 5.3648D 00 1.69170-02 5.3677D 00 4,01410-02 4,3533D 00
FLOW RATE 1.27070-01 1.51200 02 1,27280-01 1.51210 02 2.86100-01 1.5123D0 02 2. 44630-01 1.5132D 02
L
L oo v PR oAy
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ttttttttgtittatttt.ttttttttttttt-tttttttttttti?
S Sk s ok e ke o o i e Rk i R R Rk e ek
o ks e e ot eal ofs ol sl ahe ot ol S0 ol e ol ol ol ol e ofe ake sl o ol e 0o o ol AR e ok o ek ook

t‘ti‘i‘;‘.i‘t!tltttti“!“.“tyttt‘ft‘.‘ti't“it.‘t'v WATER SIDE:
_ ' S INTERNAL - . MASS
NODE PRESSURE TOTAL MASS. . ENERGY TEMP. QUALITY FLOW RATE
PSIA LBM 8TU _DEG. F LBM/SEC

1 47.04 3.73090D-03  4.46289D 00 547.49 1.14 ° 1.11776D-01"
2 46,85 3.600290-03  4.35963D 00 576.22 1.1¢. 1.11780D-01
3 46.63  3.50016D-03  4.26063D 00 597.34 1.17  1.117830-01
4 46.40  3.422210-03  4.189830 00  613.00. 1.18  1.117870-01
5 45.58  3.31977D-03  4.08062D 00 631.53 1.19 1.117900-01
6 44,75 3.234760-03  3.98499D 00 - 646.61 1.19  1.117930-01
7 44,51 3.205800-03  3.95384D 00 ~ 652,95 1.20 1.117950-01
8 44,28 3,183220-03  3.928250 00  656.76 1.20  1.117980-01
9 2617.94 6.96654D 00 2,077270 03  331.28 -1.32 - .2.85754D-01
10 2612.12  6.333210 00  2.768290 03 ~ 463.39 -0.90 2.847090-01
11 2610.82 6.49481D 00 3.45861D 03 . 546.72 -0.61  2.82567D-01
12 2609.46 5.97421D 00 . 3.58485D 03 ' . 599,57 -0.40 - 2.797980-01
13 2608.01 5.581240 00 3.60133D 03 - 630.64 —0.26 2.76471D-0!
14 2606,64 4.91560D0 00 3.31381D 03 . 648.14 -0.17 ° 2.728390-01
15 2605.58  3.21070D 00 '2.220620 03 . 657.57 -0.12  2.69976D-01
16 2603.61 5.296iop,oo ;:.blzézo 03 - Lqez.15 -6;b9;.,

2o

TRANS IENT QUTPUT
TIME STEP NUMBER
TRANSIENT TIME =

2.649630-01 -

NUMBER 61
24100

Ao e ok koo okl ek o
INERTIA PRESSURE
-2.07550-05 1.91780-01
-2.20250-05 2.23910-01
-2.2436D-05 2.27830-01
~6.6985D-05 8.15420-01
-3.3846D0-05 8.36700-01
-2.02600-05 2.36110-01
~2.0621D0-05 2.29480-01
1.30240-03 2.2668D-01
5.2770D0~03 5.82090 00
'7.2343D-04 1.29300 00
1.63000-02 1.36620 00
~9.3991D0-03 1.44610 00
-3.57520-02 . 1.37570 00
=3,11320-02 1.0529D 00
 3.8932D0-02 1.9731D 00

1.3844D0-02

1.55500 00

PRESSURE ORQOP -

STATIC HEAD

~6.54660-04
-6.31740-04
-6.14170-04
-6.00490~-04

5.82520-04

5.67600-04
5.62520-04
5.5856D0-04
-9.91010-01
-9.00920~-01

-9.,23930-01
-9.20550~-01
-8.60000-01
~T+40390-01
-7.33300-01

=7.9060D0-01

PR it R R P2 P2 e i i Rl gttt it st
Ry ARk Akt Ak AR R rt kg kh kAR kb kg Ak kb kg
600.0000 SEC. AR Ak RS SRS S REE T R kSR IRk S gk Skt R kkk s

itﬁ‘tt!tttitt.‘i‘tt“ttttt‘titttt‘-i*‘t‘Ot“"‘?"i

PSI SRR SREER AT RE RS

MOMENTUM FRICTION

1.1458D0-02 -2.,02610-01
-1.31920-02 -2.1010D0~01
-1.07860-02 -2.16450-01
-8, 83520-03 -8.0604D-01
-1.22370-02 -8.25080-01
-1.07440-02 -2.25550-~01
-3.8030D0-03 -2.2626D-~01
-3.01680-03 -2.,22920-~01
-1.21460-03 -4.8234D0 00
-2.78150-03 ~3.88600-01
-2.55150-03 -4.23430-~01
-8.85130-03 -5,2610D0-01
-2.0037D-03 ~5,49490-~01

8.10800-03 -3,51730-01
-5.10390-02 ~1.1499D 00

3.23090-02

-7.82870-01

18




KRR AR RS AR AR I RARE R B R R RER SR kR R R ERE R ok

NODE PRE SSURE

(SRR RV N g

-

12
13
14
15

16

QU®m~NOC

PSIA

560.68
560.66
560.63
560.61
560.58

560.54
560,50
560.47
560.48
560.44

560.41
560.37
560.35
560432
560.30

560.28

TOTAL MASS

LBM

1.091370
1.091880
1.092510
1.093510
3.134900

T.95233D0
T7.951070
5.237430D
3.550040
3.21705D

3.142300

'3.744200

3.801260
3.60870D
3.357120

3.602300

01
ol
0l
[13
o1

ol
01
01
o1
01

ol
o1
ol
01
01

ol

INTERNAL

ENERGY
aTu

9.13741D
9.136980
9.136550
9.136080
2.617640

6.640370
62639980
44374460
2971920
2699260

24630770
3.111180
3.110600
2875170
24562250

2.560220

03
03
03
03
04

04
04

04
04

TENMP,
DEG. F

656.64
656 .06
655437
654,28
653.65

653.67
653.78
653,95
656451
659.04

656,59
648,22
631.39
602.62

557.95

487.93

HELTUM SIDE

MASS

FLOW RATE

LBM/SEC

1.44495D
le 444950
l. 4644960
1. 444960
1. 444970

1. 445010
1. 445040
1445060
1. 445090
1.445130

1. 445170
1. 445230
1.445300
1.44535D
1. 445420

le 445520

02
02
02
02
02

02

02 -

02
02
02

o2
02
02
02
02

02

AEERERXRIBRE KRS ER RS P A G R A R EF RS R DE R PR IR

L2t 22 i R L 31 ¢ F g PRESSURE DROP - PSI FERREAER TR Rk ®
INERTIA PRESSURE STATIC HEAD MOMENTUM FRICTINN
2.01620-06 2.37420-02 1.52020-03 8.88290-07 -2.5261D-02
2.00980-06 2.3779D0-02 1.52090-03 1.31510-05 -2.53110-02
2.00820-06 2.37610-02 1.52180-03 1.63110-05 -2.52970-02
2.00240-06 2.79750-02 1.52320-03 2,60210-05 -2.95220-02
~4.67800~03 4.39550-02 0.0 -2.44690-02 -2.4164D-02
4.3874D0-05 3.4093D-02 -2.58300-02 -7.88260-06 -8.21210-03
4.39510-05 3.42720-02 =2.58260-02 ~1.07940-05 ~8.39200-03
6025480-06 ~8.6284D-03 0.0 3.77650-02 -2.91300-02
-4.6294D-03 3.55980-02 4.01920~03 ~3.47200-05 -4.4212D-02
3.41210-06 3.4785D0-02 3.64210-03 -3.58900-05 -3.8388D-02
3.08970-0& 3.48210~02 3.5576D0-03 3.10790-05 -3.84070~02
2.92050-06 2.4358D-02 3.95450-03 3.68660-03 -3.19960-02
2.92640-06 2.53400-02 4.0148D-03 1.71310-04 -2.95230-02
2.73700-06 2.17100-02 3.8114D0-03 2.93920-04 =-2.5813D-02
2.40370-06 2.04770-02 3.5457D-03 4.57210-04 -2.44770-02
5.15400-03 2.4128D-02 3.8046D0-03 7.16960-04 -2.34950-02
A v

b
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Y O »
‘ititt‘t,ﬁtttttt”t_tt‘tﬁttﬁtttiti#ttt‘”tttttt”“‘ttttt’tt TUBES P32 223202223t Rt iR R a e R p it Rt 23R 2 2Rl dt)
AssacC. HELTUM TUBE WATER HEAT )
HELIUM ~ HELIUM HELTUM SURFACE AVERAGE SURFACE WATER WATER TRAN, MASS DNB
NICE NODE HEAT FLUX TRAN. COEF. TEMP, TEMP, TEMP, TRAN. COEF. HEAT FLUX MODE FLUX FLUX
BTU/HR-FT2 BTU/HR-FT2-F DEG. F DEG. F DEG. F BTU/HR=-FT2-F BTU/HR-FT2 LBM/HR~F T2 BTU/HR-FT2
1 4 2.610290 03 1. 600540 02 637.97 636,24 633,73 4.85087D 01 4.183500 03 7 4.177100 04 0.0
2 3 1.76334D 03 1.601010 02 644.35 643.19 641.28 4.905900 01 3.191440 03 7 4.177240 04 0.0
3 2 1.12473D0 03 1. 601020 02 649.04 64 8,30 646.84 4.94719D 01 2.448750 03 7 4.17736D 04 0.0
4 1 6449760 02 1.60138D0 02 652. 61 652.19 651.06 4.97860D0 01 1. 894600 03 7 4.177490 04 0.0
5 1 1.88664D 02 1.60138D0 02 655.46 655.34 654465 5.017400 01 1.159670 03 7 4.17761D0 04 0.0
6 2 =3.31938D 02 1. 601020 02 658.14 658436 658.01 5.046110 01 5.75478D 02 7 4.177710 04 0.0
7 3 -5.83483p 02 1. 601010 02 659. 01 659, 39 659.21 5.059500 01 3.165420 02 7 4.177810 04 0.0
8 4 =7.566310 02 1.60054D0 02 659.01 659,51 659.43 5.065580 01 1.351950 02 7 4.177900 04 0.0
9 16 1.70504D0 04 1.430890 02 368.77 363,55 357.53 8.541490 02 2.242600 04 1 3.214470 05 1.75894D 06
10 15 1.05747D0 04 1.450619 02 485.05 481.81 4T77.99 9.730830 02 1.42158D 04 1 3.202720 05 1.297110 06
11 14 6.29314D 03 1:46276D0 02 559. 60 557. 67 555.32 1.019820 03 80765210 03 1 3.178620 05 9.782860 05
12 13 3.545080 03 1.47084D 02 607,28 606, 05 604,42 1.122000 03 5.446120 03 1 3.409300 05 7.78580D 05
13 . 12 1.935480 03 1.474550 02 635.09 634,42 633,46 1.145510 03 3.222840 03 1 3.368760 05 6.21203D0 05
14 11 B8.467170 02 1. 559900 02 651.17 650. 77 650.01 1.058200 03 1.97850D0 03 1 2.982900 05 4.92278D 05
15 10 1.08595D0 01 1.560350 02 658.97 658,97 658,34 1.57292D0 03 1.21574D 03 1 4.475500 05 5.33388D 05
16 9 ~-7.80020D0 02 1.55898D0 02 661.51 661,96 662.03 1.298590 03 <~1.522310 02 1 3.538750 05 4.42355D 05
B T L LT L T T REHEATER AND STEAM GENERATOR INLET AND OUTLET CONDITIONS ARRARRAFARE R AR AR R SRR AN RA KSR RE SR
kaass REHEATER ®a¥x% wenmx  STEAM GENERATOR #ssa2
———=~——— INLET ==—--- -— ——~-—--~ QUTLET - INLET OUTLEY --===m—-
WATER HELTUM WATER HELIUM WATER HEL TUM WATER HEL TUM
PRE S SURE 4.4701D 01 5.6081D0 02 4.41680 01 5.6058D 02 2.73600 03 5.60470 02 2. 60280 03 5.60270 02
TEMPERATURE 5.2548D0 02 6.5693D0 02 6.5656D0 02 6.5365D0 02 2.4828D 02 6.5395D0 02 6.63680 02 4.44730 02
ENT HALPY 1.29620 03 1.39580 03 1.35430 03 1.39170 03 2.22700 02 1.39210 03 7.17930 02 1.1315C 03
SPEC. VOL. 1.28860 01 5.37910 00 1.46690 01 5.36560 00 1.68250-02 - 5.3681D0 00 2.75720-02 4.37050 00

FLIW RATE 1.11770-01 1.44490 02 1.11800-01 1.44500 02 2.86100-01 1.44510 02 2. 64960-01 1.44550 02
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