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1.0 INTRODUCTION AND SUMMARY

This report describes the SINFLO modification package for SINDAZ*which
was developed by the Vought Systems Division (VSD) of LTV Aerospace Corporation
under subcontract to TRW Systems Group during the period of August 1973 to
February 1975. Also included in this report is a description of the capabilities
added during the development of SINDA-VERSION 95 . The SINFLO package was developed
to modify the SINDA preprocessor to accept and store the input data for fluid
flow systems analysis and adding the FLOSQL user subroutine to perform the flow
solution. This greatly reduced and simpiified the user input reguired for analysis
of flow problems. Also, a temperature calculation method, the Flow-Hybrid method
which was developed in previous VSD thermal simulator routines3, was incorporated
for calculating fluid temperatures. The calculation method accuracy was improved
by using fluid ernthalpy rather than specific heat for the convective term of the
fluid temperature equation.

The effort described herein was performed under Task Order LT-1 and Task
Order L7-2 of Subcontract 183LK3E of NASA Contract NAS9-10435. Task Order LT-1
calls for the completion of the following tasks:

A. Optimize the SINDA Routine flow input data which includes the

following effort:

1. Establish the best input format for the flow systems data
block to be added.

2. Establish the forwat for storing the flow systems data by
the preprocessor.

3. Submit the user input and preprocessor output formats for
mutual agreement between NASA-JSC, TRW, Inc. and VSD.

4, \lodify the preprocessor to accept the input from the new
flow data block and store for use with processor routines.

B. Write routine to perform fluid flow analysis using data stored

by proprocessor.

€. Develop Fluid Hybrid Routine for SINDA which will take advantage

of the temperature calculation equation form for the fluid Tumps
to calculate the fluid and the tube Tumps temperatures using an
impTicit method while the remaining structure Tumps will be
calculated utilizing the method specified by the user.

*Superscripts indicate reference numbers in Section 7.0



Task Order LT-2 required the completion of the following tasks:

A. Modify the following SINDA execution routines to interface
with subroutine FLUID so that thermal analysis of fluid
flow systems may be performed: (1) SNFRDL, (2) SNFRWD,

(3) CINDSL, (4) FWDBCK, (5) SNDSNR, (6) STDSTL.

B. Add the capability to analyze valves which will split
incoming flow between the two outlet sides of the valve
in proportion to the valve position regardless of the
pressure balance.

These tasks were completed and the resulting routines added to and
substituted into the SINDA general thermal analyzer routine expanded the capa-
bilities of the SINDA to include analysis of systems containing flowing fluids,
fluid system controls and heat exchangers. A pressure-flow analysis of a system
containing an arbitrary tube network is performed simultaneously with the thermal
analysis during transient or steady state solutions. This permits the mutual
influences of thermal and fluid problems to be inciuded in the analysis.

The general flow solution capabilities include extensive valve character-
izations and ability to match pump curves and system precrure-flow characteristics.
The valves have been formulated so that either cooling {space radiator) or heating
(solar absorber) situations may b2 controlled with any of the valve types. Pump
options inciuded are pressure rise as a tabulated function of system flow rate and
pressure rise as a polynomial function of flow rate.

The formulation of the capabilities added during this effort are described
in Section 2.0, modifications to the SINDA subroutines are described in Section 3.0,
and the data input reguirements for the new data block are described in Section 4.0.
Section 5.0 describes user subroutines which have been added or modified by VSD
including those developed for SINDA-VERSIOND.

Appendix A contains a description of the capabilities incorporated into
subroutines during the development of SINDA-VERSION 8 to facilitate analysis of
radiation heat transfer in an enclosure. A description of the usage of the plot
program is presented in Appendix C.

A discussion of the flow data storage is presented in Appendix B. Listings
of the new and modified subroutines are given in Appendix . Appendix D is contained
in Volume II.
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2.0 DISCUSSION OF METHODS

The analytical methods utilized in the subroutines which were added to
the SINDA routine are described in this Section. Section 2.1 describes the methods
used for calculating temperatures of flowing fluids and Section 2.2 describes
methods used in the pressure/flow analysis of flow networks.

2.1 Thermal Analysis Methods

The Flow-Hybrid method for obtaining temperature solutions was formulated
for use with several SINDA temperature solution routines including CNFRWD, CNFAST,
CNBACK, CNFWBK, CINDSS, HYBRID, SNFRDL, SNFRWD, CINDSL, FWDBCK, SNDSNR and STDSTL.
The formulation included utilization of the fluid flow analysis datz for the thermal
analysis thus minimizing input and data storage requirements. The Flow-Hybrid method
is described separately below for explicit methods (CNFRWD, SNFRDL, SNFRWD, and
CNFAST), implicit methods (CNBACK, FWDBCK and CNFWBK), general hybrid methods (HYBRiD)
and steady state (CINDSS, SNDSNR, STDSTL and CINDSL).

2.1.1 Flow-Hybrid Solution for Explicit Problems

The fluid nodes temperatures are solved using the "Flow-Hybrid" solution
method in the explicit SINDA user subroutines, CNFRWD, SNFRDL, SNFRWD and CNFAST.
This method requires that the finite difference equations be written in the implicit
form for the fluid lumps, while remainder of the Tumps in the problem are solved
using the expiicit methods.

The finite difference equations for the Flow-Hybrid method are as follows:

For the fluid Tump

_ At R 1 ' 1 1
oot T e [wep (1, - 7.)) + mar, - Te )+ (1)

For the tube lump

' - AT ' '
T, T ¥t [; 6y5(Ty = Ty) + HA(T, - T, ) + Qt] (2)
where: Tf = the fluid Tump temperature
Tt = the tube Tump temperature
AT = time increment

SR ST B S Vg e wonly i — TR g I TSN S B, g, A LA Al 3 S 8, o8 P 0 O i m o
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WF = weight of fluid Tump
Cf = capacitance of the fluid
W = flowrate in the tube which contains the fluid Tump
Ep = mean specific heat for the flowing fluid between the
upstream Tump and the fluid lump
= hf - hu
Te - Ty
hf = the enthalpy of the fluid Tump at temperature Tf
hu = the enthalpy of the fluid lump at temperature Tu
Tu = the temperature of upstream Tump
HA = the convection coefficient times area
th = the conductance value from tube Tump t to Tump j
W, = weight of tube lump t
Cy = specific heat of tube Tump t
Qf = the heat absorbed by fiuid Tump f
Qt = the heat absorbed by tube lump t
If the fluid Tump is the first in the tube, h, is determined as follows:
n K Yhok
u L
> g
k
where hok = s the enthalpy of the fluid leaving tube k and entering
fiuid Tump ¥
ﬁk = is the flow rate of tube k

The value for Ty for the first fluid Tump in a tube is obtained by reve'-e interpolation
of the enthalpy curve at hy. The primed temperatures in equations (1) and (2) represent
temperatures at the end of the iteration; the unprimed temperature represent these at
the iteration start.
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The fluid hybrid solution methods are derived as follows:

]
Solve equation (2} for Tt

At - AtHA '
, Tt * WtCi [EJ: th (Tj Tt) * Qt] Wt Tf
Tt = ] + ATHA

Wl

! AtHA '
T . + LN T
ti wiCy f

-l + ATHA
WiCt

where Tti' is the intermediate tube temperature that would be obtained with no
connection to the fluid Tump.

If equation (3) is substituted into equation (1)} and simplified we get:

T s agpr o+ (a4 0
—— wlp + AT ' s
. f WeCe ] u 1 + WECt ti T
Tt s | HA @
A
T+ WFCE WOP Y T A
Wit

The value of Tt'i in equation {3) is given by

[ D Gy (T - T+ ot] (5)
j

Tl AT

.= T, o+
ti t ""tct

1

spareunt koo n LA ARIT LTS



‘ Examination of equation (4) reveals two primed temperatures: Tu' ana
Tti . Thus, we'must calculate these values prior to evaluation of equation (4).
The value of Tu can be obtained if the order of calculations start with the first
Tump in the system and progresses around the system in order, one lump at a time.
Since the value of TﬁI given by equation (5) contains no primed values, its value
may be evaluated first. Thus, the order of calculations are:

(1) calculate the value of all Tti' using the normal explicit
temperature calculations assuming no fluid lump convection
exist. This is given by Equation (5).
(2) calculate the value of all Tft in order of their position
in the tubes starting with the first lump in the first tube
and progressing around the system. .
(3) Update the tube temperature using ecuation {(3) to obtain Ty -
0f course the coefficients in equations (3), (4) and (5) are evaluated prior to
evaluation of the equations. Methods used in determining coefficient values are
discussed in Section 2.1.5.

2.1.2 Fluid Temperature Solution for Implicit Problems

The implicit user subroutines, CNBACK, FWDBCK and CNFWBK, were modified
so that the fluid temperatures are calculated simultaneously with the other tempera-
tures of the probiem. For CNBACK, FWDBCK and CNFWBK, the fluid Tump temperatures
are calculated using the relation

At . ' '
) Te + = [ w T +HAT, + @ ]

At -
T+ [ w C. + HA ]
wch p

(6)

Where all the variables are as defined for eguations (1) and (2) and Ttl is the last
calculated value of the tube lump temperature.

The tube temperatures are calculated using the normal eauations but are
modified to use the HATf' and HA terms as follows: For CNBACK:




R A ke

Tk AN . R

T

4 ] 1 1
— At
: :k . Te # W.Cy L ? thTj Q4 HAT ¢ ]
| r, - Q
LT - 1+ A [ ra, +HA]
éI Wil © 3 tj
; L For CNFWBK
T
”ff- T +_-9L[zG.T.'+Q'+HAT'+zG(T-.T)+Q+HA(T T.)
| T toame, Loy tdd t f (AR B A, ot
P (8)
i
- 1 +2AT [zatj+ HA |
ii' I WeCy i d
s
X +
- T
.;i e
% - The order nf calculations for the implicit routines are:
; tﬁ (1) Calculate the value of all T using equation (6). Fluid
g flow data is utilized to obtain coefficients in the
g 'E equation.
{ - (2) During the calculation in {1) the HA values and the fluid
% Tump number for each tube lump are stored in the X array.
i

(captured dynamic storage)

RS

S ahn UE B e éel el i

(3) The temperatures for the remaining lumps are calculated
using the normal caiculations, except tube Tump tempera-
tures eqﬁations are modified to include the HA and HAT
terms as shown in eguations (7) and (8).

EE i R R R

2.1.3 Fluid Temperature Solutjon for General Hybrid Problems
The HYBRID user subroutine was modified to permit calculation of fluid

lump temperatures during the normal temperature calculations. Explicit and implicit
Jumps are determined by calculating the CSG value for each Tump and comparing it with
the input time increment. Those Tumps with CSG values Targer than the input time
increment are expliciu and the remaining lumps are implicit. If the tube Tumps are
all explicit, the fluid and tube lump temperatures are calculated using equations

(3) and {4). If any of the tube lumps are implicit, the fluid Tumps are calculated
using equation (6) and tube Tumps are calculated using the following equation:




ot e ¢ ety (R e TR e | R e e DT

!

ni ni | ne
bt ¢ N ' ' - - -
Tetae b2 Sl HAT, + (100 G, (7, -1) ¥ @ +D 0 (T T ) 1
T ' ji=1 ji=1 Je=1 :
t »
AT = ’
v =L
(9) !
Where o = the point in the iteration for evaluating heat flux
Gji = the conductance value from tube lump t to Tump ji,
where Tump ji is implicit
Gje = the conductance value from tube lump t to Tump je,
) where lump je is explicit
Qt = the heat absorbed by tube lump t evaluated at t + oAt

The following calculation protedure is used:

(1) Determine the expiicit and implicit Tumps by comparing the CSG
value for each Tump with the input computation interval.

(2) Determine which of the explicit Tumps determined in step (1)
are interface lumps. Interface lumps are subsequently treated
as implicit lumps. Interface lumps are any explicit lumps which
are connected to an implicit lump. If any tube lump is treated
as an implicit lump, all tube lumps are treated as implicit Tumps.

(3) CcCalculate explicit lump temperatures using the same I Gje(Tj“Ti)
for all interface nodes and for adjacent lumps if the adjacent lumps
are implicit.

(4) Calculate fluid and tube Jump temperatures for tubs Tumps which are
explicit.

(5) Calculate implicit lump temperatures.

2.1.4 Fluid Temperature Solution for Steady State Problems

The steady state solution subroutines, CINDSS, CINDSL, STDSTL were modified
to include a calculation of fluid lump temperatures. The following relations are used
for calculating the fluid and tube lump temperatures:
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For the tube fump:

' LG, T, + Q‘t+HATt

T, = —d (10)
z Gij + HA
For the fluid Tump:
. wCpT "4 mAT - Q
T = 2 LI (1)

w Cp + HA

The following order of calculation 1s used:

(1) calculate the fluid lump temperatures.

(2} Calculate temperatures for all other Tumps using the
normal SINDA temperature equation, except tibe Tump
temperature equations are modified to inciude the HA
and HAT terms.

2.1.5 Coefficient To Temperature Equations

A brief description of the methods used to obtain the convection heat
transfer coefficient, H, and the mean specific heat for a flowing fluid Cp (Equation 1)
is considered to be of value. They are discussed separately below.

Convection Coefficient Determination

Several methods are available to the SINFLO user for determine the heat
transfer coefficient, H. The different options are available for each fluid lump and
are specified by supplying values for Fi, the eighth value of the type array (see
Section 4.2). When F1 is real, the programmed equations for flow in a tube are used
to obtain H. UJsing this method, the f'ow regime is assumed to be laminar when the

Reynolds number is 2000 or less. For this regime the convection heat transfer coef-
ficient is calculated by:

.0155-F2
h=k|3.660F1 +
D 1 X+ .015[_1__ _§]1’3 (12)
RF, D RP, D
a

3 REL TR TN = 0



where: k = thermal conductivity

'D = hydraulic diameter to flow

X = distance from tube entrance

Re = Reynolds number

- 4m
LI

m = flow rate of fluid

g = viscosity of fluid

P = wetted perimeter of fluid flow passage

FI = An input factor for modifying fully
developed flow ‘

F2 An input factor for modifying developing

flow

Equation {(12) is a curve fit obtained by VSD to approximate the Graetz solution to
flow in a tube for values of %- ﬁ%ﬁ?’ greater than 0.001. The convection heat transfer
coefficient for flow in a tube in the transition flow regime (2000 < Re < 640N0) is
approximated by the following relation:

ho= & 10116 (Re¥3 - 128) (pr)!/3) (13)
This relation was derived by Hausen and holds only for fully developed fiow. The
relation tsed to determine h for turbulent flow (Re > 6400) is the following

h = .023%§(Re)‘BUN0]/3 (14)

If F1 is the integer 1, a more general option is used for determining the
convection heat transfer coefficient. A curve of St(Pr‘)‘zl3 vs Reynolds No. is inter-
potated to obtain the value of St(Pr)2/3, That is,

st(PR)Z3 = F(Re) (15)
where: St = Stanton number
= _Nu
Re Pr
- _h
CpV

10
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F(Re)

Average fluid velocity

An arbitrary function of Reynolds number which the
user inputs as a table (identified by F2)

The heat transfer coefficient is calculated by

it

h = & Fire) re(pr)!/3 (16)

If F1 is input as the integer 2 the convection heat transfer coefficient is obtained
by direct interpolation of a curve of heat transfer coefficient vs flowrate which is
identified by F2.

Mean Specific Heat

The method for obtaining the convective term (wCp) in equation (1) was
modified with SINFLO to get better accuracy. Rather than just using the lump specific
heat, a mean value of specific heat was obtained as follows.

The mean specific heat for a fluid going from upstream temperature Tu

to fluid lump temperature Tf may be obtained by integrating:

Ts
J{. Cp(T) - dT
- T
Cp = U -
Ts
R
Ty
Te Ty
f cp(T) dT - f cp(T) dT
Te - Tu
h, - h
R TR (17)
f u

Where h is the fluid enthalpy
Equation (17) is used to obtain the mean specific heat for equation (1). The enthalpy
curve is required as input.
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For temperature lumps that have multiple upstream lumps, such as mixing
junctions, the value of h; is determined as follows:

Zwihui

h, = . {(18)

Zwi

]

and the upstream temperature, Tu’ obtained by reverse interpolation of the enthalpy
curve. Equation (17) is then applied using the values of hu and Tf thus obtained.

2.1.6 Heat Exchanger Analysis
Five subroutines have been written to facilitate the thermal analysis
of systems containing heat exchangers. These are HXCNT for analysis of counter
flow heat exchangers, HXPAR for parallel flow heat exchangers, HXCROS for cross
flow heat exchangers, HXEFF for any heat exchanger with an input effectiveness,
and HXCOND for condensing heat exchangers. These subroutines calculate the outiet
temperatures of two sides based upon the iniet temperatures and heat exchanger
effectiveness. The relations used for calculating effectiveness are described below.

2.1.6.1 Counterflow Heat Exchanger
Subroutine HXCNT calculates the heat exchanger effectiveness using the
relation from Reference 1 for counterflow heat exchangers. That is,

-Ey_& {1- (MC), }]
T LT

i-e
€ = ]9
{MC) iA (MC) ( )
1 - S e~ {THC) { I~ > }]
(MCT, s (MC)7
Where € = effectiveness
UA = overall effectiveness
(MC); = mass, specific heat product for the side with

the smallest MC

(MC); mass, specific heat product for the side with

the largest MC

12
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The Timiting cases for this relation are:
(1) When (MC)S/(MC)1 = 0,

_ q-g"UA (MC)s

(2) When (MC)s/(MC), =1

UA
_ (MC)s _ UA
€= ¥+ UR =~  TmC)s + UA
M)

Using the effectiveness as calculated by the above method, the outlet temperi.ures
are calculated as follows:

1. For the side with the smallest MC, (MC)g :

Toutg = Ting - e (Ting - Tin) (20)

2. The enthalpy of outlet for the side with the large MC is
then calculated by

hout, = hin, + (hinS - houts) ;i (21)
where: houtﬂ = enthalpy of the outlet for the side with the large MC
hin£ = enthalpy of the inlet for the side with the Targe MC
hins = enthalpy of the inlet for the side with the small MC
houts = enthalpy of the outlet for the side with the small MC
WS = flow rate of the side with the small MC
w£ =  flow rate of the side with the large MC

3. Toutz is obtained by reverse interpolation of the enthalpy curve

at houtz.

2.1.6.2 Parallel Flow Heat Exchanger
Subroutine HXPAR calculates the heat exchanger effectiveness using the
relation for parallel flow heat exchanger's1 which is:

13
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1+{MC}5

-(_C)S[ I ] (22)
(MC)s  ~
e,

1+
The limiting cases are
(1) Uhen (MC)S/(MC)I =0,
e = 7 - e UNMV(MC)s

(2) when (MC)g/(MC) = 1.,

_p UA
o)

te= 1-¢
2.0

The heat exchanger outlet temperatures are then calculated using the

method described for HXCNT.

2.1.6.3 Cross Flow Heat Exchanger
Subroutine HXCROS calculates the effectiveness for cross flow heat

exchongers using one of the four relations below depending upon mixing of the streams.

Both Streams Unmixed

UA_ (MC) ] :
( [ M) s TMCY ) —;“ 7 (23)
€ = 1 -~-e
rm@i 0.22
(58]

KWhere n =

Both Streams Mixed

UA
€ = -(ﬁf): (24)
UA
Ve ; __L—(_)
- i (—)
1-e THET§ !
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Stream {MC)s Unmixed

(MC) _UA
- (MC’I [ (Fﬁn;]
e = 1 -e 1 -e (25)
{MC)
( MC,I
Stream {MC% Unmi xed
MC -
€ = ] -¢ 5 [I -e (Fﬁnl]

The heat exchanger outlet temperatures are calculated using the method described
for HXCNT.
2.1.6.4 User Supplied Effectiveness

Subroutine HXEFF was written to perform heat exchanger thermal analysis
with a user supplied effectiveness. The effectiveness may either be supplied as
a constant or as an array number which gives the effectiveness as a bivariant
function of the flowrates on the two sides. The outiet temperatures are then
calculated using the method described for HXCNT.
2.1.6.5 Condensing Heat Exchanger

Dlosl ool ool Gmwd G Nend G GEee OGO RS D

Subroutine HXCOND was written to analyze a condensing heat exchanger.

:E The effectiveness may either be supplied as a constant or as a trivariant
function of humidity, flow rate of the gas, and flow rate of the coolant. The

:[ outiet temperatures are caiculated as follows:
I Te,e = T8;, = € (TG, - TC, )
E where: TGout = temperature of the gas out of the heat exchanger

E = effectiveness
E TGin = temperature of the gas into the heat exchanger

Tcin = temperature of the coolant into the heat exchanger
Ig 15
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The saturation pressure is given by

16 -
(19,3 —Qut

TG
1217 e out

500

PBout

1]

where: PB

out saturation pressure of the gas

And the outliet humidity is

XMIMO - PBOUT

¥
P - PBOUT
Where ¢ = humidity (win > Vout > 0)
XMIMO = molecular weight ratio
P = total gas pressure

The fiow rate of the Tiquid is

o = Wg (5, - wout)

flow rate of the liguid
flow rate of the gas

where: W£

¥g

The enthalpy of the coolant out of the heat exchanger is
[ {(hg;, + hgy\) W 1+, - XLAM ]

hcout - hCin * W
c
where: XLAM = Tlatent heat of vaporization

The outlet temperature of the coolant is obtained by reverse interpolation of the

enthalpy curve at hc, .. ,

16
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2.1.7 Cabin Analysis

A subroutine has been written for use with SINDA which will give
the user the ability to perform thermal analyses on cabin air systems including
condensation on the walls and a vapor mass balance. The cabin heat transfer
and condensation analysis involves the two-component flow of a condensible
vapor and a non-condensabie gas, with condensation of the vapor occurring
on surfaces in contact with the fluid. Two problems of this nature have
been studied extensively.

1. Condensation on, or evaporation from, a surface over which

a free stream of fluid is passirg. In this case, for rela-
tively low mass transfer rates, the fluid properties can be
assumed to be constiint.

2. Dehumidification of a confined fluid stream by a bank of
tubes. 1In this case there is a marked change in the
temperature and vapor content of the fluid, and the de-
tailed deposition of the condensate is not of primary
interest. This type of analysis is usually handled or: an
overall basis similar to heat exchanges effectiveness
calculations.

The following additional assumptions have been made with respect

to the cabin atmospheric conditions.

1. The heat of circulation in the cabin is sufficiently high
that the temperature and Pumidity are effectively the same
throughout the cabin.

2. The velocity at all points where heat transfer and/or con-
densation can occur is known, and is proportional to the
total mass flow rate in the cabin.

These assumptions make it possible to calculate the heat and vapor
balance in the cabin for the entire volume as a unit, and to solve the heat

transfer and condensation equations at each node independently of the other
nodes.

. N . e e . . PR R T e e STl s S LT



Cabin humidity can be determined from an overall vapor balance in
the cabin. The total vapor in the cabin at the end of an iteration is:

wv=uv i-1 + wv in - uv out - E NL

Where Wy = mass of vapor in cabin at end of iteration i
Nv1'l = mass of vapor in cabin at start of iteration i-1
Wy iy = mass of vapor flowing into cabin during iteration i
Wy oyt = mass of vapor flowing out of cabin during iteration i
E»NL = mass of vapor condensed during iteration -1

Wy jp 1s determined from the known conditions of the gas flowing into the
cabin.

Wy ip = m in ¥in
1.+ ¥in
Where m in = mass Tiow rate into cabin
¥ in = specific humidity of gas flowing into cabin

time increment

It is assumed that an equal volume of gas is flowing out of the cabin.

Then,
Yy out = m out ._j&L___]
1 +|ﬁc

Where ¢{ = specific humidity in the cabin (at the end of the

previous iteration)
and mout = min [R /Pin]
Where pc = cabin density

pin = density of gas flowing into cabin

The condensation term ZW_ is determined from the calcuiations for
the individual nodes as described below. The properties of the cabin
atmosphere are determined from the calculated value of Wy. The vapor pressure

18

hpcer=—+ |



TR B S iialoni o g S R DS e e RTR e R A

i

e Aaallh AT PR oY

E in ine cabin is
E pv = Nv RV TC
Ve
g Where Ve = cabin volume
Ry = gas constant
E Te = temperature of cabin gas
= Py = Vapor pressure

g

Assuming that the cabin pressure P. is a constant, the gas
partial pressure Py is:

Pa=Pc'Pv

Grome)

and Wa =

v
&

3
(2]

Where Wy = mass of non-condensible gas in the cabin.

Grocadf

Now the new value of specific humidity in the cabin can be
determined by
Wy

[ A—
o wa

The properties of the atmosphere can now be determined by

Mg

tc = Xug +¥Pchy
I X+ e
Cpc = Cpg +relpy
I T + yc
ke = _Xkg + WYcky
z e
pc = Hv + ws
i fe
Where M = viscosity
! Cp = specific heat
k = thermal conductivity
E X = molecular weight ratio, My



and all values are evaluated at T -1, Cabin temperature T. can be
determined by a heat balance on the cabin atmosphere.

_ o i-1 . .
Tc = Te + m in Cpe (Tip - Tc1-1) - 59

(Wy + Wa) Cpc

Where Tci'1
Tin
A

The heat transfer between the cabin atmosphere and the tube
and structuve Tumps in the cabin is dzTined by:

T after previous iteration
temperature of gas flowing into cabin
net heat Toss to cabin lumps

Qi = hA; [ Te-Ty JAr

Whera h = heat transfer coefficient
A5 = heat transfer area of Tump
Tpg = temperature of tube Tump
A7 = time increment

Lsing the Colburn-Chilton heat transfer-mass transfer analogy,
the condensation {or evaporation) at the tube lump is determined by:

AUy = Ky Ay [Py - Pui] Ar
Where W ; = condensation on wall, 1b.
- mass transfer coefficient

Pwi

vapor pressure at T

) The latent heat addition to the lump due to this condensation
is

AQy = Aly;A

Vhere A

latent heat of vaporization

The vapor pressure Py can be determined by a relationship
derived from the Clausius-Clapeyron equation and the perfect gas law
(Appendix K of Reference 3).
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Pui = Po X9) RgTg L Tp;

Hhere Py is known vapor pressure at a reference temperature
To.

Three methods are available for determining mass and heat transfer
coefficient. For tube lumps the equations from Referew:a 1 for gas flowing
normal to the tube axis was assumed. Three different equations are used
depending on the value of the Reynoid's number.

Nu = 0.43 + .533 (Re)*° (Pr)*3! Re < 4000
Nu

Nu

0.43 + .193 (Re) 818 (pr) 3! 4000 < Re < 40000
0.43 + .0265 (Re) 3% (Pr) 3" 40000 < Re < 400000

n

These equations were derived for an air-vapor mixture, but should
be relatively accurate for other similar gases. The Nusselt and Reynold's
numbers in the equations are defined using the tube diameter for the
characteristic dimension, and the velocity in the Reynold's number is input
at each lump and ratioed to the total cabin atmosphere flow rate.

We_
vi = wvio .
Heo
Where Wco = nominal cabin atmosphere circulation rate
vio = velocity at Tump at Wco
We = circulation rate at time of calculation

The second option assumes flat plate flow for cabin wall Tumps.
In this case the heat transfer coefficient, for lTaminar flow, varies along
the plate. Hence, direction of gas flow and the location of an assumed
leading edge must be assumed. The equation for fiat plates from Reference 1 is:
5 ,.1/3

Nu = 0.332 Re"™ Pr

where the Nusselt and Reynold's numbers are local values and are
defined by the distance X from the assumed leading edge. For a wall Tump of
length Lj which is located a distance L, from the assumed leading edge, the
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average Nusselt aumber can be defined as:

Ny = 0.664 Pr /3 [(Re])'s - (Reo)'S]

Where Nu is defined by Lj
Reg is defined by Lig
Rey is defined by Lip + L

The third option is a direct user input for convective heat transfer coefficient.
For the determination of mass transfer coefficients, the same

equations which were used for heat transfer coefficient can be used with the

Sherwood number substituted for Nusselt number and Schmidt number for Prandt]

number. However, if the diffusion coefficient for the cabin is approximately

" equal to thermal diffusivity, the Sherwood number is equal to the Nusselt

number and the mass transfer coefficient can be determined directly from the

heat transfer coefficient. That is:

Sh = Nu
KfnRTgX = hx
D kK
IfD = @  then
K = hD
ap Cp Rig (28)
Km ¥ _h

Equation (28) is the Lewis relationship (Reference 1). For a mixture
of oxygen and water vapor characteristic values are .866 for the diffusion
coefficient, D, and .879 for thermal diffusivity, a, so the relationship
should be vaiid.

For cabin tube and wall Tumps the values for AQ i and AQyj are
added to the basic heat balance equation for these lumps. Values for AQj i

22




are summed for all participating lumps for input to the cabin atmosphere heat
balance. Values for AWLj are also summed for all Tumps for cabin humidity
balance, and the value for total water condensed on each lump wLi is main-
tained.

If the rate of evaporation or condensation is high it would be
possible for the cabin humidity to change significantiy during a single
iteration. This could lead, for example, {o overestimating condensation by
assuming that the humidity is constant in the calculation. A test of the
approximate vapor pressure in the cabin at the end of the iteration is made,
and the condensation or evaporation at any Tump is reduced, if the sign of
the AwLi term is changed. A value Wy' is calculated by:

W' = Wl oS
T4V,
Then for each lump if
Py' = Pui < 0

Pv = Pui

a new value of AW i is calculated by:

o Py - Pui
By = Ay [T___,T._]
4 \

The new values of AW) i are now again summed for the new value of
IAW) for establishing cabin humidity for the next iteration. A test is also
made to assure that Wy' is never less than zero.
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2.2 Fluid Flow Analysis

Subroutine FL?°OL was written as a SINDA user subroutine to provide
the ability to perform fluid pressure/flow analysis for flow of an incom-
pressible fluid in tubes. The fluid flow analysis of FLOSOL is integrated
with the thermal analysis capabiiity so that the temperature dependence
of properties is included in the pressure balances. FLOSOL is called from
the VARIBLES 2 user logic biock.

FLOSOL performs a pressure-flow balance on a general flow network
including the following effects:

(1) Friction pressure drop

(2) Orifices and fitting type pressure losses

(3) valves

(4) Pumps

(5} Incoming fiow sources at any pressure point in the system
The user describes the fliow model to the subroutine by supplying the tube
network connections and information concerning fluid properties, flow
geometry, temperature model Tumps, orifices, valves and pumps. Using this
information, the subroutine determines the flow distribution required to
satisfy (1) the conservation of mass at each node point and (2) equal
pressure drops across tubes in parallel. The model used to describe the
flow system and the anaiytical methods for determining the solution are
described below.
2.2.1 Overall Flow Model Description

A flow problem may be analyzed with FLOSPL, simultaneously with a
thermal analysis, so that the flow solution is continually updated based
on the thermal conditions. To perform a flow analysis, the user must in-
put a mathematical model of the flow system. The flow system is assumed
to consist of a set of interconnected tubes such as the example shown in
Figure 1 , which consists of two radiator panels, each containing four
tubes and connected so that they flow in parallel.

For clarity the following definitions are made at this point:
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(1) A tube is any single length of pipe between two pressure

nades. A tube "contains" fluid temperature nodes and may
contain as many of these as required.

(2} A pressure node is located at each end of a tube. As many

tubes as desired may be connected at a node junction and

a node must exist at the junctions of two flow pipes.
We must make a mathematical model to describe the fluid flow infarmation to
the computer. The information required consists of:

(1) Identification of the pressure node numbers

(2) Identification of the tube numbers and the two pressure

nodes connected by tube

(3) The fluid temperature nodes contained in each tube

(4) The flow geometry for each temperature fluid nodes

(5) The number of "head losses" for items such as orifices

(6) Fluid property information

(7} Valve connections and characteristics

(8) Pump characteristics
To build a flow mathematical model, a schematic of the flow system is needed.
As shown in Figure 1,'the pressure nodes and tubes may be superimposed on
the schematic. It is also helpful to impose the fluid tempsrature lump numbers
for each tube.

To facilitate speedy analysis on a general flow probiem, provisions
have been made for the user to divide the flow system network into subnetwork
elements. For example, the flow system shown in Figure 1 could be divided
as shown in Figure 2. Tubes 23 and 24 are added in the main network as shown
in 2{a) to replace subnetwork elements 1 and 2. The subnetwork elements 1
and 2 which are shown in Figures 2(b) and 2(c) are then input as separate
network elements. This type of subdivision allows the solution to be obtained
by solving two sets of 6 simultaneous equations and one set of 8 equations
rather than the original set of 16 simultaneous equations. This type of sub-
division has been found to enhance the solution speed and accuracy for pro-
blems with a large number of nodes.

In summary, the pressure/flow solution is obtained by the following
sequence:
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(1) The flow resistance is obtained for each fluid temperature
lump in each tube including the effects of friction, orifices,
and fitting type losses.

(2) The flow conductor value is obtained for each tube by summing
all the resistances of the fluid lumps in the tube, adding
the valve and user supplied resistance to the sum, and in-
verting the resistance.

(3) A set of simultaneous equations is set-up and solved for each
main system and subnetwork to obtain the pressures.

(4) The flow rates are then calculated.

A detail discussion of each element in the above sequence is described in the
following subsections.

2.2.2 Tube Conductor Determination

The value of the flow conductor js determined for each tube by
first calculating the flow resistance for each temperature fluid Tump con-
tained in the tube, summing these resistances up to obtain the flow re-

sistance of the tube and inverting the tube resistance to get the conductance.

Flow conductance is defined by the relationship

Where Wi = flow rate between pressure nodes i and j
GFij = flow conductance between nodes i and j
Pi = pressure at pressure node i

d

The flow resistance for each lump is then

-1 _ AP
RK_'-F" _"k

pressure at pressure node j

Where Rk = flow resistance for tump k

APk = pressure drop for lump k

But APk is given by

APy = fk-ffc'-ﬁ; + x) 7. 5 (30)
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Where f

fl

k the friction factor for lump k

ffc = the friction factor coefficient

Lk = the lump length for lump k

D = the lump hydraulic diameter for Tump k
K = the dynamic head losses for lump k

= the fiow rate

=

9, = the gravitational constant
Py = the fiuid density for Tump k
A = the fiow area
The fiow resistance is then given by
Ly

- k W 31
e =(neme e k) gt ()

Two options are available for obtaining the friction factor, fy. These are
(1) internal calculations for all flow regimes and (2) internal calculation
for laminar flow and obtained from a table of f vs Re (where Re is the

Reynold‘s number) for transition and turbulent flow. For the first option
the internal calculations for the three flow regimes are:

Laminar Regime: Rey < 2000.

. 64
'« * e (32)
Where fk = friction factor for Tump k

Rex = Reynolds number for Tump k

Transition Regime: 2000 < Rek < 4000

f, = .2086082052 - .1868265324 [ Rey J (33)
7000
+ .06236703785| Rex |2 - .ooess45818 | Rey |3
600" 1000
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Turbulent Regime: Reéaaooo

¥, = .316
k = (34)

=5

Equation (33} for the transition regime is a curve fit between the
laminar and turbulent regimes which was derived to match the two curves in
a continuous manner. It is merely an arbitrary curve in this undefined
region. A curve of the friction factor vs Reynold's number given by the
above relations is shown in Figure 3.

The second option for friction factor uses equation (32) for the
laminar regime and a user input curve of f) ve Re for the other regimes.
The options availabie for input of the dynamic head loss, B{ , include
(1) an input constant or (2) a tabulated curve of | vs Re.

To obtain the conductance for each tube, the flow resistances for
all the lumps in the tube are added and then inverted, giving

> R, (35)
k

2.2.3 Valve Analysis
Two methods have been included in the FLOSOL subroutine for modeling

valves. These are (1) pressure drop through the valve is included in the system
flow balance and (2) valve position is used as a fraction for splitting the flow.
The first method uses the following equation to characterize the pressure droo
through each side of the valve:

w o= B[ ¥

where AP = valve pressure drop
E = valve pressure drop factor (user input)
W = flow rate through the side of the vaive under consideration
X = the fraction of the valve opening

The second method for modeling valves uses tha valve position as a fraction
for splitting the flow into the valve according to the following equation:

]
>
=

% i Tin
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[

where W,

; flow rate out side 1 of the valve

Xi = valve position of side i
win =  flow rate into the valve

The pressure drop through the valve is not included in the system flow balance.

The valve pressure drop factor controls which method is used. The first
method is used when the valve pressure drop factor is greater than 0. To specify
the second method the user must input a C for the vaive pressure drop factor. For
either method the value of X must be greater than 0 and less than 1.

Three basic types of valves are available in FLOSOL for either the pressure
drop or the flow splitting formulations which give different characteristics for the
dynamics of the valve position X. These types are: (1) Rate Limited; (2) Polynomial,
and (3) Shut-off.

A number of variations are available for each valve type. For instance, each
of the above may be either one sided or two sided. If a valve is two sided, the
valve position of side 2, xz, is related to that of side one by

Xy = 1.0 - X]
If the valve is one sided, either side one or side two may be used. Provisions
are included for a valve time constant to be included with the polynomial valve.

The methods used to obtain the valve positions for each of the three
types are described below,

2.2.3.1 Rate Limited Valve

The valve position for the rate limited valve is obtained by an
approximate integration of the valve rate of movement, X. X depends on
the temperature difference between the valve control set point temperature
and the sensor temperature as shown in Figure 4. With this characteristic,
the valve has no movement as long as the valve temperature error, AT;is
within the dead band. Outside the dead band, the velocity of the valve in-
creases linerarly as the error increases to a maximum rate, X max. The dead
band, rate of velocity increase, dX/d{AT), and the maximum velocity are
controlled by user input.

The relations used to obtain the valve positions are as follows:

oyt 1M ar) (36)

Where XT+1 valve position at iteration i+l
X! = valve position at iteration i

= valve velccity at iteration i+l

= the probiem time increment
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The valve position is limited by
X min x1+]g X max
Where' X min and X max are input limits on the valve position.
The valve velocity, ¥**1, in equation (3€) is given by:

xi*l 0 if lTsen - Tsetl < Tdb
where: i+ E%%T) [Tsen-Tset-Tdb] if T==~ > Tset + Tdb

X - Ed(%-ﬂ [Tsen-Tset+Tdb] if Tsen < Tset - Tdb

Tsen = sensor lump temperature

Tset = set point temperature

Tdb =

valve dead band temperature

The valve velocity is limited by

¥min < )-(1'+'I € Xmax
After the valve position for side 1 is obtained from equation (3F), the side
2 position is obtained from Xp = 1.0 - X1

2.2.3.2 Polynomial Valve

The polynomial valve determines the steady state valve position
as a 4th degree polynomial function of the temperature error between the
sensor lump and the set point. A valve time constant is then applied to
determine how far between the previous position and the new steady state
positicn the valve will move. The steady state position, Xgg, is given by

= P 3 4
Xoq = Ao + A1 AT + A, AT + Ag AT + Ag AT
Where AT = Tsen - Tset
Tsen = the sensor lump temperature
Tset = the set point temperature

Ao’ A], AZ’ AS’ A4 = input constants
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The valve position, X1+] ic then determined by

i+] = -i \ 'Af,/ fc .
X xss + (X -XSS, e (321
i+ . . .
Where XT L. valve positon at iteration i+1
X! = valve position at iteration i
Ar = problem time increment
rc = valve time constant

The valve position for side 2 is given by

Xo = 1.0 - X]

where X; is given by equation (37)

If one desires to eliminate the effect of the time consiant (and thus, give
the valve an instantaneous response), a vatue for t. shouid be input which

is small compared to the time increment, Ar. Also, either a constant value or
a temperature lump number may be specified for the set point to permit use

of the valve for proportioning between two sides.

2,2.3.3 Shut-off Valve

For side 1 of a shut-off valve the valve position decreases from
Xmax t0 Xmin when the temperature of the sensor lump drops below the specified
"off" temperaturesToff,and increased from Xpin to Xpax when the sensor lump
exceeds a second specified temperature, Tgn. Ton must be greater than Tgff.
Side 2 works in reverse of side 1. The valve position increased from Xpjn to
Xmax when the sensor temperature drops below the specified Tgn and decreases
from Xpax to Xmin when the sensor lump increases above the off temperature,
Toff. For side 2, Toff must be greater than Tgn. Note that, if the shut-off
vaive is a two sided valve with both sides active, the valve is a switching
valve.

2.2.3.4 Valve Flow Resistance Calculations
The valve pressure drop on side one is assumed to be given by:

AP = E [9’)(-]2 (38)
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Since flow resistance is AP/w, the valve flow resistance is given by
_ Ew
RV = ;(‘2‘ (30)
This value of flow resistance is calculated and added to the other flow resistances
of the tube prior to performing the operation in equation (35) to find the value
of the flow conductor for the tube.

Valves may be either one way or two way, i.e., be one tube or two tubes
at the outlet. IF only one tube exists on the valve outlet the flow resistance is
calculated using equation (39) above. If a second tube exists, the resistance
on side 2 is given by

= (40)
ve (]_X)Z

2.2.4 Pressur:-Flow Network Solution

As previously stated, the user may subdivide a system flow net-
work into a maia network and subnetwork elements. The elements which are
subnetworks to the main network may also contain subnetwork elements but
the subdivision can go no lower than two levels.

After the flow conductor values have been obtained by the methods
described in Sections 2.2.2 and 2.2.3 a set of simultaneous equations are set
up and solved for the main system and for each subnetwork. The subnetwork
elements are all solved first and then, their equivalent flow conductor value
is calculated. The value is inserted in the main system network and the
system solution is obtained. The procedure is repeated until the problem
is balanced.

A set of simultaneous equations are cbtained by conservation of mass
av each pressure node for each network and subnetw.rk. For any node i the
consyrvation equation can be written as follows:
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Zﬁ{)ut - me =0 (41)
Let win ) w]
. rc
and QW 4 = 6 L Py - Py ]
J=1
Then equation (41) becomes
n o -
ZGF“[PJ. - Pl % =0 i=1,n  (42)
J=1

Where GFij + = flow corductor between pressure nodes i and j

Pi = pressure at node i

Pj = pressure at node

ﬁ% = flow rate added at node i

n = number of pressure nodes in the subnetwork

T#e above equation is a set of n simul taneous equations for P array.
Pressure in the system or subsystem may be set at a specified level but
the last (outlet) node must be specified. Equation (42) may be written
in matrix form as:,

gp = C (43)
Where
Z:GF-EJ' -GF]Z = GF]S ----- srevans
'GF21 E:GFZj - GF23 e .
6 =
R R R IR VR
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P = |2
| Pn-1]

/ G+ R, P

u@ + GFZn Pn

c = |°
¥n-1 +GFn-]1 Pn

Pp is the specified pressure. The above equatiuns are solved for pressures
at each point in the system and flow rates are then calculated for each
tube by:

=

1]
[
T
—
O

3ince the coefficient matrix given by equation @3 ) is symetric and positive
dzfinite the efficient square root or Symmetric Cholesky method was pro-
grammed to obtain the solution. This method is more accurate and faster
than any other methods studied for this application.

Since the flow conductors are functions of the flow rate, the set
of equations given by (43} are solved numerous times on each temperature
iteration with a new set of GF;j values for each solution. The iteration

)
0
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process continues until the change in the flowrates is within some user

tpecified tolerance before proceeding to the next iteration.

2.2.5 Pump and System Pressure - Flow Matching

Concurrent with iterating the system flow equation to solution
on each temperature iteration, the overall system pressure drop and flowrate must be
matched to a pump characteristic. Several types of pump characteristics
, are available to the user as options. These are (1) system flow rate
specified as a constant, (2) system flowrate specified as a known function
: of time, (3) pressure drop specified as a function of the Flowrate in a
tabulated form and (4) pressure drop specified as a function of flowrate
with a fourth degree polynomial curve.

The first two options require no balancing of the pump with the
system. Balancing is required for ontions (3) and (4) and iterative
procedures have been devised to obtain the solution of the pump curve
; to the system characteristics with as few passes as possible through the
L system pressure/flow balancing locp for these options. The procedures

used for these options are described below.
2.2.5.1 Tabulated Pump Curve Solution

E
The matching of a tabulated pump pressure rise/flow characteristic

[ to the system pressure drop/flow characteristic is accomplished by the

following procedure. See Figure 5 to aid in understanding the procedure.

[ Step 1 : The initial flowrate, Wi, at the system inlet is
astablished either from user input on the first
jteration or the system flow of the previous iteration

E for subsequent iterations.

Step 2 : Using Wy, a solution to the fiow network is obtained

E using the methods described in Sections 2.2.2, 2.2.3
and 2.2.4, Following this solution, AP7 is available

E establishing point 1 on the true system characteristic
curve shown in Figure 5.

l Step 3 : Obtain an equation for the straight line approximation
of the system characteristic (1ine 0, 1 for the first

I pass, line 1, 2 for the second pass, etc.)

i

APg = C W + D

20
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FIGURE 5 SYSTEM/PUMP CURVE SOLUTION
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Step 4
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AP, - AP
P17 %
where C = T
AP, - AP
- - 0 w
D APy W - Wy 0

AP, WS are the system pressure drop and flowrate
values given by the approximate equation
APy, Wy are the Tatest values for system pressure
drop and corresponding system flowrate
APg, WO are the values for system pressure drop and
corresponding system flowrate for the previous
pass (These values are zero for the first pass)
Obtain the equation of the Tine connecting points aj
and by which is an approximation of the pump characteristic.
(1) Two points are determined on the pump characteristic
curve:
(a) interpolate the tabulated characteristic at W
to obtain AP;1 (See Figure 5) to locate point aj
at Wi, APa1. If Wy is greater than Wy, set Wi
equal to Wpax and APa1 equal to zero.
(b) reverse interpolate the tabulated characteristic
at AP1 to obtain wpp to locate point by on the curve.
If AP7 is grealer than APpax, AP7 is set to APpay
and Wy is set to zero.
(2) Determine the coefficients A and B for the equation
APp = Awp + B
APl - APa]

S

where A

B = 4P, -

a1

T P P



Step 5 :

Step 6 :

Step 7 :

APp, wp are the pump pressure rise and flowrate as given
by the approximation.

Solve the approximate equations obtained in Steps 3 and 4

to obtain an approximate solution to the system

characteristic and the pump characteristic (Point N) as
follows:

APy = Awg + B
Check the tolerance below where #,_1 is the previous
wy (W7 for the first time through)

Wy - W
Is N N1

< .001
YN-1

(1) If the ahove inequality equation is not satisfied repeat
steps 4 through 6 substituting wy for Wy and
APN for AP
(2) If the inequality is satisfied the point S1 (Figure
B) has been located. Continue with step 7. The
final flowrate is W2
Check the following tolerence

Wy - W
s 2 —1 < Tou"
¥

(1) If the above inequality equation is not satisfied,
repeat steps 2 through 7 using the value of w2
for wy.

(2) If the inequality is satisfied, Wy is the solution
flowrate.

¥
TOL is the input pressure solution tolerance

a2
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2.2.5.2 Polynomial Pump Curve Solution
When the user describes the pump curve with a polynomial curve
fit, the pump characteristic is described by the relation

2 4

} . . .3 .
APp = Ry + A]w + A2w + A3w + A4w
When this option is used, the procedure for matching the pump characteristic
to the system characteristic is identical to that described

in Section 2.2.5.1 for the tabulated pump characteristic except Steps 4 and

5 are replaced with the following:

Step 4 : Obtain the coefficients of the 4th order eguation
to be solved
Since:

APp - APS =0

Cw, +D (C and D are obtained from Step 3)

AP,

_ . .2 .3 !
APp = Ao + A1wb + Azwp + A3wp + A4wp

The solution occurs when

AP =APp
Then the equation for WN is
. .2 .3 A

Step 5 : Solve the equation for WN using the Newton-Raphson
Method of solution for a fourth order polynomial

The remaining steps are identical to that given in Section 2.2.5.1.
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3.0 SINDA ROUTINE MODIFICATIONS AND ADDITIONS

This section describes the actual modifications and additions to the
SINDA program. Preprocessor changes are discussed in Section 3.1. Processor
changes are discussed in Section 3.2. The specific changes can be seen in the
listings in Appendix C.

3.1 Preprocessor Modifications and Additions

The preprocessor required four interface points to inciude the FLOW
DATA block. The first point was in subroutine CODERD prior to the processing of the
CONSTANTS DATA where a call is made to subroutine FLOW] which reads and interprets
the FLOW DATA cards. The second point is also in subroutine CODERD immediately
following the processing of the ARRAY DATA where subroutine FLOWZ is called to pro-
cess the FLOW DATA. The last two interface points involve setting up arrays in
labelled common blocks. Subroutine FLOCOM does this when calied from subroutine
GENLNK and subroutine PRESUB.

Subroutine PSEUDO was modified to allow a node to not have any connections
in the BCD 3CONDUCTOR DATA blicck. This was necessary since the tube ump to fluid Tump
connections are internally generated and not defined in the BCD 3CONDUCTOR DATA block.
3.2 Execution Routine Modifications

The requirements for integration of the Fluid Hybrid Temperature solution
subroutine, FLUID, with the SINDA temperature solution subroutines were minimized
at the interface point. A labelled common block which contains a code for flow problems
was added to each of the temperature routines. When the code is tested for a flow
probliem, subroutine FLUID is called to calculate the fluid lump temperatures. In the
explicit routines the tube lump temperatures are also calculated. In the implicit
routines the convection conductance and adjacent fluid Tump number are stored for
the tube Tump and after returning to the mainiine temperature routines, the convection
conductance is inciuded in the calculation of the tube Tump temperature. The SINDA
routines were modified so that the node with the minimum natural time increment would
not be a tube lump which does not have any connections from the conductor data block.

as
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! 4.0 FLOW DATA BLOCK INPUT FORMAT

This section describes the input format for the SINFLO input data. The
lumps referenced in this section must have been entered in the NODE DATA block.

The fluid Tumps must be entered as boundary nodes and the tube lumps must be
entered as diffusion nodes.

The SINFLO input data for the fluid systems are supplied by the new data
block heacad by "BCD 3FLOW DATA" and five new subordinate blocks contained within
the FLOW DATA block which will be headed by:

BCD 3NETWORK "Name"

BCD 3SUBNETWORK "Name"  (Optional)

BCD 3FLUID LUMP DATA

BCD 3VALVE DATA (Optional)

BCD 3FLOW SOURCE DATA
Table 1 shows the overall organization of the input data b1ocks* including the
new FLOW DATA block. The five subordinate fiow blocks may be input in an arbitrary
order within the FLOW DATA block. That is, the FLUID LUMP DATA block may be input
first if desired instead of the order shown. The FLOW DATA block is optional. Thus,
if the problem being analyzed contains no fluid flow or the fluid flow is being
handled by another means, there will be no FLOW DATA block. As shown in Table 1,
the FLOW DATA block will be added between the CONDUCTOR DATA and CONSTANTS DATA
SINDA input blocks. The flow data input is initiated by the card (starting in
column 8)

BCD 3FLOW DATA
and is terminated by the card

BCD 3END FLOW DATA

The NETWORK blocks and SUBNETWORK blocks may be supplied a multiple number
of times. Each must reference a unique four character name. The user would nor-
mally supply one NETWORK block for each flow system being analyzed. At least one
NETWORK block is required if a BCD 3FLOW DATA card exists. The NETWORK blocks may
or may not reference SUBNETWORK blocks, but if one is referenced the data must be
suppiied in the block referenced by name in the NETWORK data. Division of a network

i
|
I
I

into subnetwork elements is sometimes desirable to permit more efficient analysis
on some problems. The NETWORK DATA, FLUID LUMP DATA, FLOW SNURCE DATA blocks
are all required when a BCD 3FLOW DATA caird exists. Each of these four blocks
contain the required information for Lhe entire flow oroblem.
Each of the subordinate flow blocks are discussed in the following sections.

*see Reference 7 for input other than FLOW DATA block
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TABLE 1
SINFLO INPUT BLOCKS

BCD 3THERMAL LPCS

END

BCD 3NODE DATA

END

BCD 3SOURCE DATA (OPTIONAL)

END

BCD 3CONDUCTOR DATA

END

BCD 3FLOW DATA * =
BCD 3NETWORK (or SUBNETWORK) Name 1 .
END * —Variable number of NETWORK or
BCD 3NITWORK {or SUBNETWORK) Name 2 SUBNETWORK blocks. Must be a
END NETWORK biock for each flow
system.

*
BCD 3NETWORK (or SUBNETWORK) Name n
END
BCD 3FLUID LUMP DATA > FLOW DATA block optional
END
BCD 3VALVE DATA  (OPTIONAL)
END
BCD 3FLOW SOURCE DATA
END
BCD 3END FLOW DATA »
BCD 3CONSTANTS DATA
END
BCD 3ARRAY DATA
END
BCD 3EXECUTION
END
BCD 3VARIABLES 1
END
BCD 3VARIABLES 2
END
BCD 30UTPUT CALLS
END
BCD 3END OF DATA

*

Unique four character name for each NETWORK or SUBNETWORK
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4.1 NETWORK and SUBNETWORK Formats

The fluid flow tubes, pressure nodes connected by the tubes, anc
fluid Tump/tube Tump pairs contained in each tube are input in the NETWORK
or SUBNETWORK data blocks. In addition to this connections data, the fluid
thermophysical property data, network solution parameters, the value of accel-
eration of gravity and specified pressure nodes and values are input in the
NETWORK data block. One NETWORK data block must be supplied for each fluid
system or loop. Connections data for any subnetwork elements are supplied in
the SUBNETWORK blocks. As many NETWORK and SUBNETWORK data blocks as reguired
are suppiied.

The input formats for the NETWORK and SUBNETWORK blocks are shown
in Table II. Each network or subnetwork block is headed by

B8CD 3NETWORK Name
or BCD 3SUBNETWORK Name
where the BCD starts in Column 8 and Name is any Alpha/Numeric worg up to
four characters which is different from the name of any other network or
subnetwork. Each network or subnetwork block is terminated by an END starting
in Column 8. The data values between the heading and the END card may be input
free field between columns 12 and 72 consistent with the standard SINDA format.
Each NETWORK block is a main network for a system. Thus, there are as many NET-
WORK blocks as there are systems in the problem. The NETWORK block contains (1)
system data inciuding information referencing fluid property data, system
solution parameters and specified pressure nodes for the network (the SUB-
NETWORK biocks do not contain any of this information) and (2) the tube/pressure
node connections and the fluid and tube temperature Tumps in each tube. As
shown in Table 11, the systems data including the property data, solution

parameters and specified pressure nodes for the network are input immediately
following the heading card. These items may be input in any order and may be
suppiied one to a 1ine or several to a Tine. The property values are identified
by mnemonic names: CP for specific heat, RO for density, MU for viscosity, KT
for thermal conductivity, and H for enthalpy. The property names are followed by
an equal sign which is followed by a reference to the property value. For
example, the property values could be supplied by:

cP = 0.25, MU A25

RO = A37, KT 073, H = A8
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TABLE 2
INPUT FORMAT FOR THE NETWORK AND SUBNETWORK DATA BLOCKS

BCD 3NETWORK Name 1
CP = A¥X, RO = AXX, MU = AXX, KT = AXX. GC = XX. XXX, H = AXX

MPASS = XX, TOL = XX, MAPASS = XX, FRDF = 0.XX, KOP = X
P(N) = XX.X, END

NT1, NPFy, NPT

NT2, NPF2, NPT2
NT3, N?F3, NET3

FLy1» Tk11s Fhy2s T12s === Fips Tlypn, END

FL21, TL21s (F22, TL22, Flops Tl2p), END
(FC37, TC31s Fions Tlane L, ITL). END

i m n

NTp» NPFn, NPT

FLn'l, TLn] - FLnng TLnns END

END
BCD 3SUBNETWORK Name 2
NT1, NPFy, NPT = ==----mm=smmmmmossoooooes » END
NTn, NPFn, NPTZ ialiniatednbebeindebebnielebibnie it » END
END
BCD 3NETWORK Name 3
TR ——— P(N) = XX.X, END
NT, NPF, NPT = =mmmmmoeee- . END
END

BCD 3SUBNETWORK Name 4

END

The following definitions apply to the above:

Name i <~ any unique four character name
cp - indicates specific heat value
RO - indicates density value

MU - indicates viscosity value

48
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TABLE 2 (CONT'D)

KT - indicates thermal conductivity value

H - enthalpy value

AXX - array in the ARRAY DATA with actual value of XX
GC - acceleration of gravity in the desired units.

Default value = 416962080.

MPASS - a pressure/flow solution is performed every MPASS
temperature iterations. Default value = T
MXPASS -~ maximum number of passes permitted in the balancing

loop to obtain a pressure/flow solution or any given
network. Default value = 100

TOL - the solution toTerance on the fraction of chanae of
flow rates from one pass in the flow solution to the
next. Default value = .01

FRDF - flow rate damping factor which is a value between 0.5
and 1.0 to aid the convergence of the flow solution.
Default value = 0.5

P(N) - references the value of the spcecified pressure for
pressure node N

NTi - tube number i which connects pressure nodes NPFi and
NPT,

NPF 3 - froh pressure node number for tube no. i

NPT - to pressure node numbe: for tube no. i

FLij - jth fluid Tump in ith tube

TL4j - jth tube lump in ith tube

IFL - increment for generating fluid Tump numbers

ITL - increment for generating tube Tump numbers

KOP - checkout print code (Default value = 0)

- 0 : no checkout print is obtained for the network
- 1 : a checkout print is obtained for the network

BN S 1




The value to the right of the equal may either be constant or reference an

array in the ARRAY DATA. In the above example, the specific heat and thermal

conductivity reference constant values of 0.25 and 0.073 while the viscosity

and density reference arrays 25 and 37 in the array data. The enthalpy curve is !
supplied by array 8. The arrays referenced must be temperature dependent. The
solution parameters which may be input in the systems data are MPASS, MXPASS, KOQP,

TOL, and FRDF (these are defined in Table II). These items are input by the same
format as the property data except only integers are permitted for MPASS, KOP and
MXPASS and only real numbers are permitted for TOL and FRDF. Any or all of the

five solution parameters may be omitted and default values will be supplied. The
default values are MPASS = 1, MXPASS = 100, KOP = 0, TOL = .01, FRDF = 0.5, when
omitted. The acceleration of gravity. GC, is supplied in the systems data. This permits
the user to analyze the flow problem in any desired units. The default value of GC

is 416962080, ft/hrz. Values of GC for various problem units are given in Table III.

The specified pressure nodes and their pressure values are also
supplied in the systems data. For example, if pressure node 34 is set at
14.7, the input would read

P(34) = 14.7
The system data input is terminated by an END similar to ARRAY DATA input.

An example of the systems data input is
BCD 3NETWORK SYSTM1
CP = 0.25, MU = A25, RO = 37, KT = 0.073, H = A8
TOL = 0.01, FRDF = 0.55, MPASS = 2, MXPASS = 120
GC = 32.173, P(34) = 14.7, END
SUBNETWORK input blocks contain no systems data.

Tube to pressure node connections are supplied in the NETWORK blocks
following the systems data described above and in the SUBNETWORK blocks. The
format for the input of the tube cards is:

NT, NPF, NPT = FLys Tiys FL2, TL2, -
where NT, NPF, NPT are the tube number, "from" pressure node and "to" nodes

respectively. FL, TL are the fluid lumps/tube Tumps pairs contained
in the tube.
A variation of the above format is available for the input of groups of fluid
and tube Tumps with a fixed interval between their numbers. The format for
this option is: g
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TABLE 3 VALUE OF GC FCR VARIOUS PROBLEM UNITS
UNITS 6C
MASS FORCE LENGTH TIME
LB LB, In. Sec 386, 1
Min 1.390x10°
Hr 5.004x10°
Ft. Sec 32.174
| Min 1.1583X10°
Hr 2.1696x108
1d. Sec 10.725
Min 3.861x10%
\ y Hr 1.3399%108
GRAM dyrne Centimeter Sec 1.0
Min 3600,
V ¥ Hr 1.296%107
KILOGRAM Newton Centimeter Sec ] x 1072
Hin 36
y Hie 1.296%10°
Meter Sec 1.0
Min 3600.
Hr 1.296x107
_ t!r ‘g/ ’;[
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NT, NPF, NPT = FL, TLy» —--(FLi, TLi’ FLj, TLj

Where the lwaps within the parenthesis are being incremented
FLi is the first fluid lump number of the interval
FL‘j is the last fluid lump number of the interval

» 1F, IT),---FLn, TLn’ END

IF is the increment between the lump numbers in the interval
TLi is the first tube lump number of the interval
TLj is the last tube lump number of the interval
IT is the increment between tube Tump numbers
The values of FLi - FL:j must be a multiple of IF and TLi - TLj must be a mul-
tiple of IT. If IF and IT are both the integer 1, they may be omitted.
An example of the input of a tube in the NETWORK block or SUBNETWORK
is
8, 3, 5= (1, 201, 10, 210), END
This statement indicates that tuve No. 8 connects pressure nodes 3 and 5 and
contains temperature fluid lumps 1 thru 10 with adjacent tube temperature lumps
231 thru 210. A tube card is supplied for each tube in the network.
Special tube cards are supplied when a subnetwork is referenced from
a main network. This card consists of a dummy tube number and the first and last
pressure nodes of the subnetwork on the left of the equal sign and the subnetwork
name on the right of the equal sign. For example, an input in the main network
of
46, 10, 21 = SUBT, END
references the block with the heading card of
BCD 3SUBNETWORK SUB1
for that portion of the network between pressure nodes 10 and 21. The dummy
tube number is 46. Subnetwork elements may be referenced from "first level"
subnetwork elements as well as network elements.
The input of negative fluid temperature lump numbers on the tube
cards will indicate that no pressure drop calculations will be made for that fiuid
lump. Negative tube Tump numbers indicate no temperature calculations will be made
on the fluid Tumps and tube Tumps. This capability is useful for closed loop systems.
For example, the input for the first tube in a closed system would be
1, 1, 2 =-200, -297, 97, 297, END
where fluid Tump 200 is the last Tump in the system.
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Each tube must have ai Teast one fluid Tump. This requirement is
necessary to provide thermal continuity in the network.

4,2 FLUID LUMP DATA Block Format

The FLUID LUMP DATA block contains the tvpe data for all fluid
lumps in all systems. The block is headed by

BCD 3FLUID LUMP DATA
and is terminated by

END
Where the BCLC and END are each in columns 8, 9 and 10 consistent with SINDA
input convention. The format for this block is the type data for each fluid
lump type followed by an equal and the fiuid Tump numbers. The format is

CSA, WP, FLL, AHT, NHL, MFF, FFC, F1, F2

FLi, FLp, --- FLp, END

or = (FL1, FLy, INC), END
or = (FLy, FLp), END
or = FLy, FLp, ---, (FLj, FLj, INC),---,FLy, END
where CSA = cross sectional area to fiow
WP = wetted perimeter
FLL = fluid Tump length
AHT = area for convection heat transfer
NHL = a real constant : NHL is the number of head losses
= AXX : XX is an array number of head losses vs Reynolds number
MFF = method for friction factor calculation

= 0 : internal calculations used for friction factor
= AXX : XX is an array number of an array of friction factor
vs Reynolds for Reynolds numbers greater than 2000.
FFC = constant to be multiplied times the friction factor
F1 & F2 : F1 is a code to determine the method to be used for
calculating heat transfer
If Fl

real number : F1 is the convection laminar flow fully
developed coefficient; F2 is the entrv lenath coefficient
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If F1 = 1 F2 is AXX where XX is an array of Stanton number
versus Reynolds number from which the convection
heat transfer coefficient will be obtained

If F1 = 2 F2 is AXX where XX is an array of heat transfer
coefficient versus flow rate

FLj = ith fluid Tump number in the tube

INC = the increment between lump numbers generated using

the parenthesis option. If INC is 1 it may be ommited.

The parenthesis option may be inserted anywhere in the group of fluid nodes
on the right of the equal sign. That is, lump numbers separated by commas may or
may not be input before or after the lump generated by the paraenthesis option.
Also, any number of parenthesis options may be used on one type card.

The vaiues for MFF, FFC, F1, and F2 may be left off the type cards
if the default values are desired for all these items. The default values
are MFF = 0 and FFC, F1 and F2 = 1.0. The input would then be:

CSA, WP, FLL, AHT, NHL = FLy, FL2, --- (FLj, FLj, INC}, --- FL,, END

4.3 VALVE DATA Input Block (Optional)

The VALVE DATA input block contains the valve data for all valves
in all flow systems. (That is, there is only one VALVE DATA block in the
problem.) The block is headed by the card

BCD 3VALVE DATA
and is terminated by

END
Where the BCD and the END cards are each in columns 8, 9, and 10.

Three types of valves are availabie to the user: .rate limited, polvnomial,

and switching (see Section 2.2.3). The input required for these valves is:
Rate Limited

NV, NTS1, NTS2
Polynomial

NV, NTS1, NTS2

Switching
NV, NTS1, NTS?

XI, MODE, XMINT, XMAXi, E, TSEN1, TSEN2, DB, RF, RL, END

X1, MODE, XMINT, XMAX1, E, NSEN, T1, T2, END

A4

XI, MODE, XMIN1, XMAXi, E, TSEN1, TSENZ2, CO, C1, €2, C3, C5, VTC, END -

.
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The following definitions apply in the above formats:

I

Valve number
Tube number connected to side 1 of the valve
Tube number connected to side 2 of the valve
Initial valve position
Operating mode : 1 - operating; 0 - not operating
Side 1 minimum position; side 2 maximum position is
(1.0 - XMIN1)
Side 1 maximum position; side 2 minimum position is
(1.0 - XMAX1)
The valve geometric factor relating pressure drop through
the valve by
AP = E (flowrate/valve position)2
Sensor tump for side 1 or set point for side 2; if TSENI
is an'integer, it identifies the side 1 sensor lump to
be controlled to (a) the set point for side 1 or {b) the
sensor Tump for side 2 (TSEN2). If the variable is input
as a floating point number il represents a set point to

which the side 2 sensor Tump will be controlled.
Sensor lump for side 2 or set point for side 1; if TSEN2

is an integer, it identifies the side 2 sensor lump to be
controlled to (a) the set point for side 2 or (b) the sensor
tump for side 1 (TSEN1). If the variable is input as a float-
ing point number it represents a set point to which the side

1 sensor Tump will be controlled.

€0,C1,C2,C3,C4,05 - Polynomial curve fit coefficients for a curve fit of

DB

RF

RL

the steady state valve position vs sensed tempersture error

for side 1:

X1SS = CO + C1-AT + C2-aT2 + C3-4T3 + C4.4T4 + C5.4T°

Dead band for the rate limited valve, degrees of temperature
(Figure 4)

Rate factor, the rate of change of valve velocity to sensed

temrerature error (dx/d(.T)) as shown on Figure 4

Rate limit, the maximum valve velocity, Xmax (see Figure 4)

55



VTC - Valve time constart as described in Section 2.2.3.2.
If a valve is desired with no time lag, a time constant
which is very small compared to the problem time increment
should be input. (VTC must be greater than zero).

WSEN - Sensor lump for switching valve

T1 - Side 1 off temperature or side 2 on temperature for switching
valve

T2 - 5ide 2 off temperature or side 1 on temperature for switching
valve

4.4 FLOW SOURCE Data Block

The FLOW SOURCE data block contains specification of flow rate for
all the systems in the problem. The heading card for this block is

BCD 3FLOW SOURCE DATA
and is terminated by

END

Three types of flow specifications are available. These are:
(1) flow rate as a function of time; (2) pressure rise as a function of flow
rate specified by a tabulated curve; and {3) pressure rise as a polynomial
function of flow rate. The input for each of these is given below.
Flow as A Function of Time

NPI, AW, END
Pressure Rise as A Tabulated Functinn of System Flow Rate

NPI, NPO, ADP, END
Pressure Rise as A Polynomial Function of Flow Rate

NPI, NPO, CO, C1, C2, C3, C4, END

vihere:
NPI = system inlet pressure node

Au : W is an array number of an array which gives tabutated

flow rate vs time if input as AXX
AW is constant imposed flowrate for node NPI if AW
is a floating point number.

NPO = system outlet pressure node

ADP :  DP s an array number of an array which gives tabulated

pump pressure rise as a function of flow rate
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co,c1,C2,C3,C4

polynomial curve fit constants for pressure rise
as a function of flowrate, i.e.,

2

AP = CO+ Cl'w + C2-W° + C3-%3 + CcA-&*

The value of AW may be input as a fleating point number if a constant system
flow rate is desired.

4.5 Example of Flow Input

An example of the flow input described in Sections 4.1 and 4.4 is
given in Table IV. This table gives the flow input for the sample problem
given in Section 6.0 .
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ACH
BRCN

FND
acn

FND
RCD

FND

TAB

LE 4

FLOW DATA INPUT FOR SAMPLE PROBLEM

JFInw DATA

ANETWORK MAIN
GC=4el7312EL,

cP=at, R

O=zhd, MUmAL,
TOL=eD ]l s MXPASS=100 FROFSe7 2P (241200 sEND

37¢ 23ec 24 = 117,317 ®
- 2 3 = 78,29A .
3 3 4 = 99.299 °
J8 4¢ 17 = Subl| '
26 7. 18 = 106,306 .
11 3, 9 = 107,307 0
39, 9y 22 = SUBZ "
34s 220 18 = 1140314 ’
36, 18, 23 = 115,315 .
3by 2¢ 23 = 1164316 .
| B | 2 ® =«2004=297F75297 »
ISURNETWORK SURI
4, LY & = 100,300 °
bo bo 7 = | 72207, 124212)
by by T 3 H 12201 63284},
7, 4, & & { 13,213, 8,218},
B 4, 5 = { 19'219g 244,224,
9 5 7 = 101,301 ’
10 75 8 = 102302 ®
19, By 14 = 163,303 %
20, l4,y L& = 104,304 ®
r i lb. 17 = | 37.2373 B24242),
222 les 17 2 { 43,2493 H4Ba248),
23s 14, 15 = 31.23‘. 36,3234,
24, 149, 15 = | 25,226, 30:23010,
25, 158, 17 = 105,305 *
ISURNETWORK SURZ
12, 9+ 11 = |Q8,308 .
13s 11 12 = | 6Le2612 6622641,
144 Y1l 12 8 & &74267y 7242721,
15, P, 10 = { Lh,265, 60,260),
16 9y 10 3 ( 49,249, 5422540,
174 10, 12 = 139:,309 N
18 12 13 = 110,310 °
27, 13, 19 = 111,311 ’
28, 19, 21 = 112312 ’
29, 210 22 ®= | 79,279, 84428B4),
AN, 21e 22 = U 734273, 7842781,
31e 195 20 = ( 854285, 9Ga297),
32, 195 20 = | 91,291, 9632961},
33, 20, 22 = 113,313 .
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FND
FND
END
EnD
FND
END
Fnb
FND
END
END
END

END
FnD
FHND
FND
FND
FND
FaD
FND
END
END
END
FND
END
EnD

END
EnD
END
END
FND
END
END
END
ENMD
EnD
FND
END
END
FAND

KTBAL,

MPASS=},
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TABLE 4

3FLUID LUMP DATA
NeNO100B, 0,1125, 1240 »
1 & s 19
49 4, SH 4 67
N, OaN938, N,38 * 3,29,
t 2 Sl 8
{ 76 ¢ 29)et 32
N,00100R, N 11256, 5.0
7 » 12 » 12
66 « &0 » &1
97 » 98 4 117
0.853E-‘I| 0.0328| 0.259
{ 50 v 53)el B
( 74 Tis( &0
0,701008, Na1125, 200
99 2 104 » 107
031125. 2% 3
102 4 103 s 110
Nell2B8, 500
1t5
Be1125, 7.0
te0 « 10t » 104
Rat128, 200
114

N,001008,
a.0010n8,
N.001008,

N.001C08,

De0o0a0,0eN 00, Ne D=0,

3VALVE DATA

30203650999, 1 5400149993001, 117,35,0075,455503END

(CONT'D)

136 , 0,0 =

s 24 » 25 » 30 , 42
v 72 v 73 2 78 4 91
117 s 1370 =

e 11del 14 » 17)st 20
» 36)sl 38 41yl HYy
Neb&26, 0«0 =

’ 18 3y ¢ 36 » 37
v b6 9 79 » B84 , 8BS

D«0082, 2e4%9e

s 59l 62 ¢ b6R)4l 468
N Bajasl 84 &+ 89),l 92
2:25 00 =

s 114

De28B1 NDel) =

s 111

Seb? ' Dol &

De787% DeB =

s 10S ¢ 108 ¢ IN9 12
Ne225% Qe =

END

29331124991 0a01s0990eN1311594003075805,8e4END

IFLOW SOURCE DAYA
102%0A13,EMD

IEND FLOW DATA

VR e e e s L e e o 1 0 mees e oy e
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48
96 LEND

23)
471 ,END

42
90
JEND

71}
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s END

LEND
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5.0 USER SUBROUTINES

This section describes the user subroutines which have been developed
and modified by VSD for SINDA. Table 5 summarizes the subroutines and the page
that each description of usage is found.

The subroutine inputs rely upon the ability tc convert from actual
array, node, and conductor numbers to relative numbers in the array data. To
use the capability the user may suppiy an actual array number, node number, or i
conductor number by preceding the actual number with *A, *T, or *G respectively.
This causes the preprocessor to reple.e the entry with the relative number. Con-
sider the example for array number 2 shown below

2, *Al14, *T5, *G7, END

:
i
I
]
I

In this example, following the preprocessor phase, *Al4 would be replaced by the
location in the A array of the array number 14 data, *T5 would be replaced by
the relative node number for actuai node number 5, and *G7 would be replaced by
the relative conductor number for actual conductor number 7.

—t

T In addition, revisions have been made to some of the temperature solution
i cubroutines to interface with the Fluid Hybrid solution subroutines. The following
- subroutines were revised:
3 CINDSL -  Steady State

CINDSS - Steady State
E CNBACK - Backward Differencing

CNFWBK - Mid-differencing

CNFRWD - Forward Differencing

CNFAST - Forward Differencing

FWDBCK - Mid-differencing

SNDSNR - Steady State

SNFRDL - Forward Differencing

SNFRWD - Forward Differencing

STDSTL - Steady State

I
I
]
I
i
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TABLE 5 I
USER SUBROUTINES '
SUBROUTINE PAGE i
ACOMB =+ o o e e e e e e e e e 62 "
CABIN v o e e e e e e e e e e e 63 ;
CRVINT & v v e e e e e e e e e e e e e e e 67 -8
EYCLE  « o v v o e e e e e e e e e e 68 -
FLOSOL & v v e e e e e e e e e e e e e e e e e e e 69 4
FLOTMP & v v v e v e e e e e e e e e e e e e 73 )
FLPRNT &+ = o v v v v o o e e e 74 _f
FLUX v v e e e e e e e e e e e e e e e 75 )
GENOUT - -« v e e v e e e e e e e e e 77 g
HSTFLO o v v 4 v v v e v o o e e 78 -
HXEEF & v v v v e e v e e e e e e e e e e e e R 80 Ti
HXONT o e e e e e e e e e e e 82
HXCOND + v v v e e e e e e e e e e e e 84 -
HXCROS « v o v e e e e e e e e e e e e e 86 |
HAPAR o v e e e e e e e e e e e e . 88 .
HYBRID » o o v e e e e e e e e e e e e e e 90 _]
INVRS  © v e e e e e e e e e e e e e e 92 N
QCOMB & o v e e e e e e e e e e e e e e e e e 93 i
RADIR o v v v e e e e e e e e e e e e e e e 94 ;
RADSOL . o o v v o e e e e e e 96
REVPOL . o o o v e e e e e e e e e e e 08
SINVRS o v v o v e e e e e e e e e 99
TIMCHK . . . . . . e e e e e . .10
WPRINT . . . . v o . e e e 102 ]
1
61 ]




ACOMB

&
=
=
L
=
[
[
=
(=]
ne
]
p—"
(2]

See description for usage of OCOMB.
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SUBROUTINE NAME: CABIN

PURPOSE:

This subroutine performs a thermal and mass balance on a cabin air system.
The cabin air is assumed to be a two component gas mixture with one con-
densible component and one noncondensible component. The cabin air is
assumed to be well mixed so that the temperature and specific humidity are
constant throughout. The cabin may contain any number of entering streams
each with different temperature and humidity conditions. The cabin air
may transfer heat to any number of nodes in its surroundings with the heat
transfer coefficient obtained by one of the the three options:

1. User input coefficient
2. Relations for flow over a flat plot
3. Relations for flow over a tube bundle

The relatioris describing the second and third options are given in Section
2.1.7. The mass transfer coefficient for determining the rate of condensa-
tion or evaporation is determined by the Lewis relation which relates the
mass transfer coefficient directly to the convection heat transfer coeffi-
cient. By the Lewis Relation, if the diffusion coefficient is approximately
equal to the thermal diffusivity, the Sherwood number is approximately eqgual
to the Nusselt number, thus giving a direct relation. (See Section 2.1.7
for details). Mass and heat transfer rates are determined at each node
that interfaces the cabin gas as well at entering and exiting streams and

a new cabin gas temperature and humidity is determinéd each iteration based
upon the heat and mass balance. An account is kept of the condensate on the
walls when condensation occurs but the conde-~vate is assumed to remain
stationary and not flow to other wall nc. ;.

Limits are applied when necessary to prevent more condensation than the
vapor existing under severe transient condition and to prevent evaporation
of more liquid than exists at each wall Tump.

As many cabins as desired may be analyzed in a given problem, but each must
contain separate input information,

RESTRICTIONS:

CABIN must be called in VARIABLES 1.
CALLING SEQUENCE:

CABIN(A(IC) TC, TC, K1, K2)
The following definitions apply to the above calling sequence:

A is an array containing arrays numbers which
contain cabin input information
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TC

K1,K2

The cabin gas temperature which must be a
boundary node

Storage locations needed by CABIN

The A array has the following format where the *A procedure is used:

A(1C),IF,PR,CN,H,FP,TB,SP,END

Where IF

PR

CN

FP

TB

SP

IF(IC),NS,FR],PSI,TE],FRZ,PSIZ,TE

H(LC).LN;, HA1, LNz, HAy, - - - LNp, HA

TB(IC),LN1,DI

Identifies an array containing the entering flow
rate information. The format of the array is:

2-—--FRnS,PSInS,TE
Identifies an array identifying array numbers
for property values. The format of the array
is?

ns

PR(1C},NFLC,NMUO,NMUY,NCPQO,NCPV ,NKO ,NKY ,NLAT

Identifes an array containing pertinent constants,
The format of the array is:

CN(1C),RA,RY,VC,PC,XC,WV,PSIC,PO,TO,CONV

Identifies an array containing node numbers
and convection heat transfer coefficient
values for nodes surrounding the cabin gas.
The format of the array is:

nl

Identifies an array containing node numbers and
information to permit calculation of convection
coefficients for flat plates. The format is:

FP(IC),LN],XX1,XI],AI],VIHﬂ},LNZ,XXZ,XIZ,AIE,

VINﬂZ, ——————— LNHZ,XXHZ,XInE,Alnz,VIH@n2
*Identifies an array containing node numbers and
information to permit calculation of convection
coefficients for tube bundles. The format is:

;AL VWD LN, DI, AT, VIND, pmm - LN

DInB,AInB,VIMOn3
Identifies an array which contains working space
equal to or greater tharn three times the sum
of the number of nodes with input heat transfer
coefficients plus the number using flat plot
relations plus the number using tube bundles.

The following symbol definitions apply in the above:
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NS
FR
PSI
TE
NFLC
NMUO

NMUV
NCPQ
NCPV
NKO
NKV

NLAT

RV
Ve
PC
XC
WY
PSIC
LN,i
HA
nl

n2

n3

Number of incoming streams

Entering fiow rate for stream i

Specific humidity for entering stream i
Temperawure of entering stream i

Curve number for circulation flow rate vs time

Curve number for noncondensible viscosity vs
temperature

Curve number for condensible viscosity vs
temperature

Curve, number for noncondensible specific heat
vs temperature

Curve number for condensible specific heat vs
temperature

Curve number for noncondensible thermai conduc-
tion vs temperature

Curve number for condensible thermal conduction
vs teimperature

Curve number for latent heat of condensible vs
temperature

Gas consiant for non-condensible component

Gas constant for condensible component

Cabin volume

Cabin Pressure

Molecular weight ratio, Mv/Mo

Initial vapor weight in cabin

Initial specific humidity for cabin

Cabin wall lump

Heat transfer coefficient times area

Number of wall Tumps which have input HA values

Number of wall lumps which have HA calculated
by flat plate relations

Mumber of wall lumps which have BA calculated
by tube bundie relations
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XX
i

VIWO

To

Po

CONV

Distance from leading edge for flat plate
heating for ith flat plate node

Length of flat plate in flow direction for ith
flat plate node

Heat transfer area for flat plate or tube node

Tube outside diameter for tubes in the bundle
for ith tube node

Ratio of velocity at the lump to the circulation
flow rate

The reference temperature to be used for esti-
mating the saturation pressure of the condensi-
ble component. Should be near the range of
saturation temperature expected

The saturation pressure at To for the condensible
component

Conversiecn factor to make the quantity XLAM/Rv/To
dimensionless where XLAM is the latent heat of
vaporization and Rv is the gas constant for the
vapor. If XLAM is BTU/1b, Rv is FT-LB/°R and

To is °R, CONV=778.
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SUBROUTINE NAME: CRVINT

PURPOSE :

This subroutine performs an integration of the doubiet array, A, and
stores the results in doublet array B. The independent variables (the odd data
valves) of the A array are transferred directly to the B array. The dependent
variables of the B array are calculated by

B(2) = 0.0
B(2#N) = B(2x(N-1)) + C.5*[A(2xN) + A(2%(N-1)]
*[A(24N-1)-A(2%(N-1)-1]
N =2, NP
where NP = number of points in the A array

{(half the integer count)

This subroutine was written primarily for integrati»n of specific heat arrays
to obtain enthalpy arrays but could be used for irtegration of any dependent
variable over the independent variable range.

RESTRICTIONS:

Space in B array must be exactly equal to the space in the A array.
Must be at Teast two points in A array (i.e., the integer count must be greiicr
than or equal to 4).
CALLING SEQUENCE: CRVINT(A(IC), B(IC))
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SUBROUTINE NAME: CYCLE

PURPOSE:

Subroutine CYCLE will automatically extend the range of independent
variables in either direction for cyclic curves by adding (or subtracting) the cycle
period to each independent variable when the curve range is exceeded. The total
input range of the independent variables is assumed to be one period. CYCLE should

be called prior to interpolation so that the necessary changes may be performed to

the independent variables.

RESTRICTIONS:
None
CALLING SEQUENCE: CYCLE{X,A,NAME)
where X - value.of independent variable to be used in interpolation
of A doublet array
A - doublet array assumed to be cyclic
NAME - one word Hollerith identifier
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SUBROUTINE NAME: FLOSOL

PURPOSE:

Subroutine FLOSOL determines the flow distribution in a set
of general paraliel/series fluid flow tubes sv that the pressure drop values
between any parallel flow paths are equal and flow is conserved. The following
effects are included in the pressure drop calculations:

(1) pipe flow friction

(2) orifices and fittings

(3) valves
The effect of temperature dependent properiies are included in the calculations.
The properties are evaluated at the temperature of each fluid lump in each tube
in evaluating the flow resistance when setting up the equations to be solved.
A balance is made between the flow/pressure drop characteristics of the system
and the flow/pressure rise of a pump for each system concurrent with the system
pressure flow solution to obtain the incoming system flowrate. A detailed dis-
cussion of the equations and techniques used are described in Section 2.1. General
flow charts of FLOSOL and supporting subroutines are shown in Figures 6,7, and 8.

RESTRICTIONS:

FLOSOL should be called from EXECUTION prior to temperature
solution call and from VARIABLES 2 for transient problems. For steady state solu-
tions FLOSOL should be called from VARIABLES 1 and DTIMEU should be set in the
CONSTANTS DATA if valve operation is required. The system of units used for the
thermal and flow problem should be consistent.

CALLING SFQUENCE: FLOSOL

DYNAMIC STORAGE REQUIREMENTS:

2

Dynamic storage required for FLOSOL is 1/2(NPRN® +

7+%NPRN + 12), where NPRN is the maximum of the number of pressure nodes in any
network.
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[ FLOSOL ) ( NTSOL )
N N

. SET UP { : 1
CODES AND
PARAMETERS
CALCULATE _29__<::f/// =0
VALVE - SUBNE TWORK >
POSITIONS «MEOEEE»K
| “
e oy
PARAMETERS NTSOLT
CALL
vy FLORES FOR
S TUBE FLOW
: RESISTANCES

SOLVE
CALL
PUMP FLBAL |

CURVE

CHECK
TOLERANCE

FIGURE € SLOW CHARTS "F FLOSOL. AND NTSOL

A

RETURN
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FIGURE 7 FLOW CHARTS OF NTSOL 1 AND NTSOLN f
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CALCULATE CALCULATE
VALVE NEW
RESISTANCES FLOW RATES

SET UP SPACE
FOR MATRIX, ( reTuRn )
RIGHT HAND SO
SIDE, ETC.

aeapd | ey RS

ASSEMBLE
COEFFICIENT
MATRIX

s I

STORE
IMPOSED FLOW
RATES IN RHS

STORE
INLET FLOW
RATE IN RHS

R

REDUCE
MATRIX AND
ADJUST RHS

framef i e

- I

CALL
SYMSOL
FOR
PRESSURES

FI3URE 8 FLOW CHAP™ OF FLBAL
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SUBROUTINE NAME: FLOTMP
PURPOSE:

Subroutine FLOTMP will read the node temperatures, flowrates,
precsures and valve positions at time TMPTIM from the history tape assigned to Unit U
generated by subroutine HSTFLO for a previous run on Unit T to initiate a problem at
tnese conditions. The time to read the tape, TMPTIM is the argument. The subroutine
should be called in the execution block prior to the call to the temperature solution
subroutine.

RESTRICTIONS:

Must be called in the EXECUTION block prior to the call to the
appropriate temperature solution subroutine. The history tape must be assigned on
Unit U.

CALLING SEQUENCE:

FLOTMP(TMPTIM)
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SUBROUTINE NAME: FLPRNT
PURPQSE :

BN e oy e

Subroutine FLPRNT will write the values of the DATA array of
real numbers at 10 to a 1ine. The array is labeled by the variable input HEAD
which contains 9 six character alpha numeric words. The array location of every

tenth value in the array is identified to the right of the appropriate line.

RESTRICTIONS :

Should be called from QUTPUT. The array must be real.

CALLING SEQUENCE:
FLPRNT{DATA(IC), HEAD(DV))

i
|
|
[
1
1

Semay Quewed el fued
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SUBROUTINE NAME: FLUX

PURPOSE :

Subroutine FLUX permits doublet time variant curve values stored
on magnetic tape unit NFLXTP to be read into NCRV arrays starting at array
DATA when the mission time exceeds DQTIME. The flux tape must be generated
prior to the run using a GE routine LTVFTP. This routine generates the flux
tape in the following format:

Record No. 1
First Read Time

Record No. 2
Number of points on first curve (Integer), first curve independent variables,

first curve dependent variables, number af points on second curve, second
curve independent variables, second curve dependent variables, etc. for all
curves.

Record No. 3

Second Read Time

Record No. 4
Same as Record No. 2 except with new values

Record No. 5
Third Read Time

Etc. until all blocks of data are on tape.

Subroutine FLUX writes the values from the appropriate NFLXTP record into
the arrays defined by DATA and NCRV in the proper doublet array format.
Fiux values should be input into the heat flux arrays (DATA]-—-DATANCRV)
initially if the user doesn't want the values to be read from the tape

at the start of the problem. The value of QTIME should initially be the
value of the time the first read is desired.

RESTRICTIONS:
The following restrictions apply:

(1) The initial block of curve data must be input on cards or data
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CALLING SEQUENCE:

vihere
NFLXTP

DATA
NCRY
DQTIME

QTIME

FLUX(NFLXTP, CATA, NCRV, DQTIML, QUime)

t

logical unit to which the flux tape i~ asstuynel Mt te
supplied by a user constant.

starting location (IC} for tlux curves

number of flux curves to be updated tram the Tlas Lapae
time scale shift for flux curves DOTIME §u adiled to s h
indeperdent value for cach flux curve vemd fooam HEE A3

the last point on the latest et of flus curves reaml Loom
HFLXTP. (QTIME = FLXTIM ¢ LOTIME, where (VAL 15 Vh @b,
read from the flux tape) must b upplied by user vaedand
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SUBROUTINE NAMES: GENOUT, GENI OR GENR
PURPOSE :

These subroutines print out arrays of numbers 10 to a line.
GENOUT prints either real numbers, integer or both. GENI and GENR print
integers and real number arrays respectively. The integers are written in an
19 format and the real numbers in an £12.4 format.

RESTRICTIONS :

GENI writes arrays of integers only. GENR writes arrays of
real numbers only.

CALLING SEQUENCE:
GENOUT, (A, ISTRT, ISTP, 'NAME®)
GENI (A, ISTRT, ISTP, 'NAME')
GENR (A, ISTRT, ISTP, 'NAME')

where A - is the array location

ISTRT - is the first value in A being written

ISTP - js the Tast value in A being written

'NAME' - is a title of 22 Hellerith words for identification
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SUBROUTINE NAME: HSTFLO

PURPOSE :

Subroutine HSTFLO stores the probiem time, the pressures of
all pressure nodes, the valve positions for all valves, the flowrates for ail tubes,
and the temperatures of all temperature nodes at an input interval on a magnetic tape
(the history tape) mounted on Unit T. The number of records written on the history
tape is the number of history intervals plus two. The first record contains a title,
an integer count of the number of items to be written for each of the five categories
{pressure drops, pressures, valve positions, flowrates, and temperatures), the actual
tube numbers, actual pressure node numbers, actual valve numbers, and the actual
node numbers in order of relative numbers. The second through the next-to-last records
contain the history records with one for each time point and the last record is the
same as the next-to-last except the time is negative. The argument to HSTFLO is the
history tape writing interval, TINC.

The format for the history tape is as follows:

Record No. 1

Tital (written internally) is 12A6 format 0,0,0,0,0, number of tubes, number of pressure
nodes, number of valve positions, 0,0,0, number of tubes, 0,0, number of nodes, actual
tube numbers in increasing order, actual pressure node numbers in increasing order,
actual valve numbers in increasing order, and actual node numbers in increasing order

of relative node numbers.

Record No. 2
Initial problem time, pressure drops, pressures, valve positions, flowrates, node

temperatures

Record No. 3
Sucond history time, pressure drops, pressures, valve positions, flowrates, node

temperatures

Record No. N+1 (Where N = number of history time slices to be written)

Last history time, pressure drops, pressures, valve positions, flowrates, node temperatures

Record No. N+2
Same as last record except time is negative

7R

ey el e AT e



» '- R T g e

RESTRICTIONS:

Should be called in VARIABLES 2. An output history tape should
be mounted on vnit T. Subroutine TMCHK must be in VARIABLES 2 prior to the call to

Subroutine HSTFLO if TIMCHK is ca®led in the problem.
If the backup feature is used in VARIABLES 2, the call to subroutine

HSTFLO should not be made until the last pass to avoid nonincreasing time records
or invalid data. For example:

BLD 3VARIABLES 2

.

F IF (T(16) .LT. TMAX) BACKUP = 1.

F IF (BACKUP .GT. C., GO TO 10
HSTFLO (.01)
F 10 CONTINUE
END

CALLING SEQUENCE:

HSTFLO({TINC)
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SUBROUTINE NAME: HXEFF
PURPOSE :

This subroutine obtains the heat exchanger effectiveness either from a
user constant or from a bivariant curve of effectiveness versus the flow rates on
the two sides. The effectiveness thus obtained is used with the supplied fiow rates,
inlet temperatures and fluid properties to calculate the outlet temperatures using
the methods described in Section 2.1.6.4. The user may specify a constant effec-
tiveness by supplying a real number or may reference an array number to specify the
effectiveness as a bivariant function of the two flow rates. The user supplies flow
rates, specific heat values, inlet temperatures and a location for the outlet
temperatures for each of the two sides. The flow rate array may be referenced to
obtain flow rates and the temperature array may be used for temperatures. The
specific heat values may be supplied as a temperature dependent curve or a constant
value may be supplied. The user also identifies enthalpy curves for each side

which may be generated from the specific heat curve with user subroutine CRVINT.

RESTRILTIONS:

HXEFF should be calied in the VARIABLES 1 biock. The vaiue for EFF.

the first argument must never be zero. Tout] and TOut2 must be boundary nodes.
CALLING SEQUENL. - HXEFF (EFF ,W1,W2,CP1,CP2,TINT,TIN2,TOUT1,TOUT2,H1 ,H2)
where EFF - is (1} the effectiveness if real, (2) a curve number of

a bivariant curve of effectiveness versus W1 and W2 if an
array

Wi,W2 - are the flow rates for side 1 and 2 respectively. May
reference the flow rate array, W (I)where I is the tube

number

an




CP1.,CP2

TINT,TINZ

TOUT1,TOUT2

H1,H2
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are the specific heat value for side 1 and side 2 fluid
respectively. Constant values may be input or arrays

may be used for temperature dependent properties.

are intet lump temperatures - Usually T(IN1) and T(IN2)
where IN1 and IN2 are the inlet lumps on side 1 and side 2
are the outlet lump temperature locations sides 1 and 2
where the calculated values will be stored. Must be
boundary nodes.

are arrays which give enthalpy vs temperature for sides 1}

and 2 respectively.
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SUBRQUTINE NAME: HXCNT

PURPOSE:

This subroutine calculates the heat exchanger effectiveness using the
relation described in Section 2.1.6;1, for a counter flow type exchanger.
The value of UA used in the calculations may be specified as a constant
by supplying a real number or it may be specified as a bivariant function of the two
flow rates by referencing an array number. The user supplies flow rates, specific
heat values, inlet temperatures and a location for the cutlet temperatures for each
of the two sides. The flow rate array may be referenced to obtain flow rates and

the temperature array may be used for temperatures. The specific heat values may be

supplied as a temperature dependent curve or a constant value may be supplied.
The user also identifies enthalpy curves for each side which may be generated

from the specific heat curve with user subroutine CRVINT.

RESTRICTIONS:
HXCNT should be called in the VARIABLES T block. The value of UA, the

first argument, must never be zero. Tout] and Toutz must be boundary nodes.

CALLING SEQUENCE: HXCNT{UA ,W1,W2,CP1,CP2,TINT,TIN2,TOUT1,TOUT2,H1 ,H2)
where UA is (1) the heat exchanger conductance if real, (2) a
curve number of a bivariant curve of conductance versus
WT and W2 if an array
WT,W2 are the fiowrates for sidé 1 and side 2 respectively.
May reference the flowrate array,W (I) where is the
tube ngmber.

cP1,CP2 are the specific heat values for side 1 and 2 fluid

respectively. Constant values may be input or arrays
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TOUT1-TOUTZ2

H1,H2

may be used for temporature dependent properties.

are the outlet Tump temperature locations (sides 1 and
2) where the calculated values will be stored. Must be
boundary nodes.

are arrays which give enthalpy vs temperature for sides

1 and 2 respectively.
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SUBROUTINE NAME: HXCOND
PURPOSE:

This subroutine performs thermal analysis on a condensing
heat exchanger using relations described in section 2.1.6.5. The effectiveness
may either be supplied as a constant or as a trivariant function of humidity,
flow rate of the gas, and flow rate of the coolant. CRYINT may be used to
integrate the specific heat curves to produce the enthalpy curves.

RESTRICTIONS:

HXCOND should be called in the VARIABLES 1 block. The value
for EFF, the first argument, must never be zero. TGOUT, and TCONI must be
boundary nodes.

CALLING SEQUENCE: HXCOND(EFF ,WG ,WC,NHG ,NHC ,TGIN,TCIN,PSTIN,P ,XLAM,XMIMO,

PSIQUT WL ,TGOUT,TCOUT)
v.nere  EFF is (1) the effectiveness if real, (2) a curve number of a

trivariant curve of effectiveness versus PSIIN, WG, and WC

WG is the flow rate of the gas
We is the flow rate of the coolant
NHG is the enthalpy curve for the gas
NHC is the enthalpy curve for the coolant
TGIN is the temperature of the incoming gas
TCIN is the temperature of the incoming coolant
PSIIN is the humidity of the incoming gas
P is the total gas pressure
XLAM is the latent heat of vaporization
XMDMD is the molecular weight ration MV/MO
pSIOUT is the outlet humidity

7
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WL
TGOUT
TCOUT

is the flow rate of the liquid
is the temperature of the outgoing gas

js the temperature of the outgoing coolant
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SUBROUTINE NAME : HXCROS

PURPQSE:

This subroutine calculates the heat exchanger effectiveness using the
relations described in Section 2.1.6.3, for a cross flow type ex-
changer. The value of UA used in the calculations may be specified as a constant

by supplying a real number or it may be specified as a bivariant function of the

two flow rates by referencing an array number. Any one of the following four
types of cross flow exchangers may be analyzed.

1) Both streams unmixed

2) Both streams mixed

3) Stream with smallest MCp product ummixed

4) Stream with largest MCp product unmixed
The type is specified by the last argument in the call statement. The user
supplies flow rates, specific heat values, inlet temperatures and a location for
the outlet temperatures for both sides. The flow rate array may be referenced
to obtain flow rates and the temperature array may be used for temperatures. The
specific heat values may be supplied as a temperature dependent curve or a constant
value may be suppiied. The user also identifies enthalpy curves for each side

which may be generated from the specific heat curve with user <ubroutine CRVINT.

RESTRICTIONS:

HXCROS should be called in the VARIABLES 1 block. The value for UA, the

first argument, must neve~ be zero. Tout] and Tout2 must be boundary nodes.

CALLING SEQUENCE: HXCROS(UA,W1,W2,CP1,CP2, TINT, TIN2, TOUT1,TOUT2,K,H1,H2)

where UA is (1) the heat exchanger conductance if real, (2) a
curve number of a bivariant curve of conductance versus

W1 and W2 if an array.
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Wl,u2 are the flow rates for side 1 and 2 respectively. May
reference the flow rate array, W (I)where I is the
tube number.

CP1,CP2 are the specific heat values for side 1 and side 2 fluid
respectively. Constant values may be input or arrays may

be used for temperature dependeng properties

TINT,TINZ are inlet Tump tewperatures - Usually T{IN1) and
T{IN2) where INT and INZ are the inlet lumps on
side 1 and side 2

TOUT1,TOUT2 are the outlet lump temperature locations (sides 1 and
2) where the calculated values will be stored. Must
be boundary nodes

K is the code specifying type of cross flow exchanger:

Both streams ummixed : K = 1

Botih streams mixed : K= 2
Stream with small WCp unmixed : K = 3
Stream with large WCp ummixed : K = 4
H1,H2 are arrays which give enthalpy vs temperature for sides

1 and 2 respectively

87




I T s P R IV s T etrp i i< e g - S e e

SUBROUTINE NAME: HXPAR

PURPOSE:

This subroutine calculates the heat exchanger effectiveness using the
relations described in Section 2.1.6.2, for a parallel flow type exchanger.
The value of UA used in the calculations may be specified as a constant
by supplying a real number or it may be specified as a bivariant function of the two
flow rates by referencing an array. The user supplies flow rates, specific heat
values, inlet temperatures and a location for the outlet temperatures for each of
the two sides. The flow rate array may be referenced to obtain flow rates and the
temperature array may be used for temperatures. The specific heat values may be
supplied as a temperature dependent curve or a constant value may be supplied.
The user aiso identifies enthalpy curves for each side which may be generated

from the specific heat curve with user subroutine CRVINT.

RESTRICTIONS:
HXPAR should be called in the VARIABLES 1 block. The value for UA, the

first argument, must never be zero. Tout1and Tout2 must be boundary temperatures.

CALLING SEQUENCE: HXPAR(UA ,W1,W2,CP1,CP2,TINT, TIN2,TOUT?,TOUT2,H. ,H2)

where VA is {1) the heat exchanger conductance if real, (2) a curve
number of a bivariant .urve of conductance versus Wl
and W2 if an array.

W1,W2 are the flow rates for side 1 and 2 respectively. May
reference the flow rate array, W {I)where 1 is the tube
number

cp1,CP2 are the specific heat values for side 1 and side 2 fluid
respectively. Constant values may be input or arrays nay

be used for temperatures dependent curves.

; .



TINT,TINZ

TOUTT,TOUT2

H1,H2

are inlet Tump temperatures - Usually T(IN1) and T{IN2)
where IN1 and IN2 are the inlet Tumps on side 1 and side 2
are the outlet lump temperature locations (sides 1 and 2)
where the calculated values will be stored (should be
boundary temperatures)

are arrays which give enthalpy vs temperature for sides 1

and 2 respectively
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SUBROUTINE NAME: HYBRID

PURPQOSE:

This subroutine calculates transient temperatures using an optimum mix
between implicit and explicit methods of solution. The explicit stability criteria
of each diffusion node, CSG, is calculated on each temperature iteration as the
capacitance divided by the sum of the conductors. This criteria is then checked
against the user supplied time increment, DTIMEL. The temperature of these nodes
with CSG less than DTIMEL are calculated using the implicit method of solution. For
these nodes with CSG greater than DTIMEL, the explicit method of solution is used.

The order of calculations is arranged such that energy is conserved in
conductors between the implicit and explicit nodes. Calculations are made on the explici
nodes first. Next, the temperatures of implicit and arithmetic nodes are calculated
using the latest explicit temperatures in the calculations.

The implicit calculaiions are made using the methods described in Ref. 1.
Using this method, temperatures of each node are made using the latest calculated
adjacent temperatures. "Passes" are made repeatedly through the temperature calculations
until all temperature changes (between passes) have satisfied the user input tolerances
DRLXCA and ARLXCA which must ke suppliied by the user. When the tolerarce is satisfied
for a node, the calculations of its temperature are temporarily suspendec in the pass
loop until all node tolerances are met. The calculation cn all nodes are then resumed

and the procedure is repeated until all node temperatures meet the tolerances on two

an
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successive passes. The calculations may be over-relaxed or damped using user constants
DAMPD and DAMPA. The default values for these variables are 1.0 for each. The maximum
number of passes allowed through the temperature calculation loop is supplied by the

user constant NLOOP. Typical values for this variable are 500 to 1000.

The implicit calculations for diffusion nodes may be backward difference,
mid difference, or anywhere between backward and mid-difference. The first argument
of HYBRID, ALPHA, determines the point in the iteration for evaluating the heat flux.
If ALPHA = 1.0 or 0.0 (with a default value of 1.0) backward difference results. If
0. < a < 0.5, ALPHA is set equal to 0.5 and mid-difference results. If ALPHA is between
0.5 and 1.0, the heat rate is ALPHA times that at the end of the iteration plus
(1-ALPHA) times that at the start of the iteration. A second argument, KOP, will give
a checkout print if # 0. Be prepared for a considerable amount of output if KOP # 0.

The problem output is supplied at QOUTPUT interval where OUTPUT is supplied
as a user constant. The user may also supply a maximum allowable temperature change
for the diffusion and arithematic nodes by supplying values for DTMPCA and ATMPCA.
If t* e changes are exceeded, the problem will be terminated. Default values for
these are 1. x 108.

RESTRICTIONS:

The LPCS option is required and control constants TIMEND, OUTPUT, DTIMEL,
NLOGP, DRLXCA, and ARLXCA must be specified. Other control constants used or activated
are: TIMEN, TIME®, TIMEM, CSGMIN, DTIMEU, DTMPCA, DTMPCC, ATMPCA, ATMPCC, DAMPL, DAMPA,
DRLXCC, ARLXCC, LOOPCT, BACKUP, OPEITR, LINECT, PAGECT.

CALLING SEQUENCE : HYBRID(ALPHA, KOP)

DYNAMIC STORAGE REQUIREMENTS:

This routine utilizes two dynamic storage core locetions for each
temperature node for non-flow problems or three dynamic storage locations for

each temperature node for fiuid flow prablems.
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SUBRQUTINE NAME: INVRS

See description for usage of SINVRS.




SUBROUTINE NAME: QCOMB or ACOMB

PURPOSE :

QCOMB and ACOMB sum the interpolated value of the dependent variable:
of two arrays, Al and A2, after multiplying Al by aq and A2 by Oy to form a third
array, A3. For QCOMB, A3 contains all the independent variable values of both Al

and A2 except where these values are equal. For ACOMB, the combined array will
contain the independent variables of the Al array only.

RESTRICTIONS:

Adequate space must be set aside in A3 but the space isn't required

to be the exact amount needed by A3.
CALLING SEQUENCE: QCOMB(A3,01,A1,02,A2) or ACOMB(A3,al,AT,02,A2)

where A3 is a doublet array with dependent variable values given by
A3(3) = «l1*AT(i) + o2%A2(1)
«l and a2 are constants to be multiplied times values of

Al and A2 at each point of A3

A1 and A2 are doubiet arrays
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SUBROUTINE NAME: RADIR

PURPOSE:

RADIR calculates the script-F values for infrared radiation heat transfer
within an enclosure and uses these values to obtain the heat transfer
during the problem. Several temperature nodes may be combined on a
single surfare for radiation heat transfer purposes. Also, the user may
analyze prchlems with specular, diffuse or combinations of specular and
diffuse radiation. See Section 2.1.8.1 for definitions and detailed
description of methods.

RADIR calculates the script-F values on the initial call. This is per-
formed by the procedure outlined in Section 2.1.8.1. These values re-
place the EFT values in the SC array for future use. The heat flux
values are then calculated on all jterations by:

(1) Calculating the temperature of each surface

(2} Calculating the absorbed heat for each node

The value given by equation 38 is added to the conductor sum for each

node so that the proper convergence time increment may be obtained. As

many enclosures as desired may be analyzed by each enclosure but each en-

closung requires a different call to RADIR. RADIR must be called in VARIABLES 1.

RESTRICTIONS:

Must be called from VARIABLES 1 Surface nodes must be boundary nodes
CALLING SEQUENCE:

RADIR (A(IC) , SIGMA, TZERO)
Where A is of the following format:
A(IC),SN,SE,SR,SC,NA,SP,END

SN,SE,SR,SC,NA, and SP are actual array numbers input using the *A procedure
and are of the following formats

SN(IC),n,SNT,SAT,NNT,SN2,SA2,NN2,.c.evvennnnn.. SNn ,SAn ,NNn ,END

SE(IC),SET,SE2----- SEn,END

SR(IC}),SR1,SR2----- SRn,END

SC(IC),SNF1,SNT1,EFT1,SNF2,SNT2,EFT2,---SNFm ,SNTm, EFTm ,END

NA(IC),NNO(T,T),AN(1,1),NNO(T7,2),AN(T,2)~~NNO(T ,NNT) ,AN(T,NNT)
NNO(Z,]),AN(?,1),NNO{Z,E),AN(Z,Z)--NNO(Z,NNZ),AN(Z,NNZ)

NNO{n,1),AN(n,1),NNO(n,2) ,AN(n,2)--NNO(n,NNn) ,AN(n,NNn) ,END
SP{IC)},SPACE,NSPACE ,END

94



The following definitions apply in the above calling sequence:

A

SN

SE

SR

SC

NA

SP

n
SNT,SNZ2,...SNn
SAT,S5A2,....5An
NNT,NNZ,....NNn
SE1,SE2,....SEn

SR1,SR2,....5Rn
SNFT,SNTT,EFTI

NNO{X,Y)

AN(X,Y)
NSPACE

SIGMA
TZERO

Array idenitifcation for the array which identi-
fies the other arrays containing the data

Array number for the array containing surface
numbers and areas

Array number for the array containing the surface emis-
sivities (may not be used in more than one call to RADIR)

Array number for the array containing the sur-
face reflectivities

Array number for the array containing the sur-
face connections data

Array number for the array containing the tempera-
ture node rumbers and areas

Array number for the array containing the space
which is used for obtaining script FA values and
for subsequent temperature calculations

The number of surfaces

Node number for surfaces - must be boundary nodes
Total area for each surface

Number of temperature nodes on each surface
Emissivity values for each surface

Diffuse reflectivity values for each surface

Connections data: Surface number from, surface number
to, E value from SNF1 to SNT1, etc.(SNF1 # SNT1)

Temperature node numbers on surfaces; Node

number Y on surface X

Area of node Y on surface X

Number of spaces needed to <tore script-FA
values. - NSPACE must be an integer values
of n *n(n+1}/2

The number of surfaces
Stefan-Boltzmann constant

Temperature of absolute zero in problem units
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SUBROUTINE NAME: RADSOL

PURPOSE :

RADSOL calculates a pseudo script-F for radiation from an external source
entering an enclosure and uses these values to calculate the net heat
transfer to each node due to the entering sour.e., A number of temperature
nodes may be combined on a singie surface for radiation purposes. Also,
problems with specular, diffuse, or combinations of specular and diffuse
radiation may be analyzed. Section 2.1.8.2 should be consulted for defini-
tions and descriptions of methods.

RADSOL calculates the pseudo script-F values on the initial call, as described
in Section 2.1.8.2. The values are stored in the EFT values of the SC array
supplied by the user. The heat flux values are then calculated on each
iteration.

The user may analyze as many enclosures as desired by supplying a call statement
for eagh enclosure. Also, a user may analyze several wave length bands by
supplying a call to RADSQOL for each wave length band.

RESTRICTIONS:

Must be called From YARIABLES I; Surface nodes must be boundray nodes
CALLING SEQUENCE:
RADSOL (A(IC))

Where the A array is of the following format:
A(IC),SN,SE,SR,HT,SC,NA,SP,END

SN,SE,SR,HT,SC,NA, and SP are actual array numbers input using the *A pro-
cedure and are of the following formats:

SN(IC), n,SN1,SAT,NNT,SN2,SA2,NN2,------ Snn ,SAn ,NNn ,END

SE(IC),SE1,SE2,~~=-=- SEn,END

SRiIC »SR1,5R2 ,------SRn,END

HT({IC),SHT1,SHT2~wrw~ SHTn,END

SC(IC),SNF1,SNT1,EFT1,SNF2,SNT2,EFT2,~--SNFm,SNTm,EFTm,END

NA(IC),NNO(1,1),AN(1,1),NNO(T,2),AN{1,2)-~-NNO(T,NN1},AN(T,NN1},
NNOSZ,]),AN(Z,]),NNO&Z,Z),AN(?,Z)—--NNO(Z,NNZ),AN(?,NNZ),

t L] i 4 1 1
] 1 1 ] ] i

NNG(H,‘),AN(U,]),NNO(”,Z),AN(H,Z)---NNO(H,NNN),AN(N,NNN),END
SP(1IC),SPACE ,NSPACE,END
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The following definitions apply in the above calling sequence

A

SN

SE

SR

HT

SC

NA

SP

SNT,SN2,,.

SA1,SA2,...
NNT,NN2,..
SET,SE2,..
SR1,5R2,...
SHT1,5HTZ,...SHTn

.SNn

SAn

.NNn
.SEn

SRn

SNFT,SNT1,EFT]

NNO(X,Y)

AN(X,Y)
NSPACE

Array identification for the array which
identifies the other arrays containing the
data

Array number for the array containing surface
numbers and areas

Array number for the array containing the surface emis-
sivities (may not be used in more than one call to RADSOL)

Array number for the array containing the
surface reflectivities

Array number for the array containing the
incident heat curves or constant heat flux
values

Array number for the array containing the
surface connections data

Array number for the array containing the
temperature node numbers and areas

Array number for the array containing the
space which js used for obtaining script values
and for subsequent temperature calculations

Node number for surfaces:must be boundary
nodes ‘

Total area for each surface

Number of temperature nodes on each surface
Emissivity values for each surface

Diffuse reflectivity values for each surface

Incident heat flow on surfaces; may identify
curves containing incident values vs time

Connections data: Surface number from surface number to,
E value from SNF1 to SNT1, etc.{must include SNF1=SNT1)

Temperature node numbers on surfaces: Node
number Y on surface X

Area of node Y on surface X

Number of spaces needed to store script-FA
values - NSPACE must be an integer values of
n{n+1)/2

Number of surfaces
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SUBROUTINE NAME: REVPOL
PURPOSE :

This subroutine performs single variable 1inear interpolation
on a doublet array of X,Y pairs in the same manner as DIDEG1 except in re-
verse order. The array is interpolated in reverse order to obtain the value

of independent variable, X, which corresponds to the input dependent variable,
Y.

RESTRICTIONS :

A1l values must be floating point numbers.

CALL.ING SEQUENCE:
REVPOL (Y,A{IC),X)

where Y - input value of dependent variable
A - Doublet array of X,Y pairs
X - output value of independent variable

o8



SUBROUTINE NAME: SINVRS or INVRS

PURPOSE :

These subroutiiies perform matrix inversion for symmetric, positive
definite matrices using the efficient Square-Root or Symmetric Cholesky method.
This method requires approximately half the computer time to obtain an jnverse
using the Gauss Elimination and Gauss-Jordan methods. Also, a significant increase
in the accuracy has been observed. The symmetric matrix may be stored in half the
square matrix space if desired. The inverse is returned in its original space
of the A-matrix.

For SINVRS, the A matrix may be either a full square matrix or the
upper triangular half of a square matrix. A check on the integer count relative
to the matrix size is used to determine whether 1/2 matrix or full matrix is stored.
INVRS assumes only the upper traingle of the symmetric matrix is stored. The (1,1)
element is stored in the third data value of A for SINVRS and in the first data value
of INVRS. The first data value of A contains the matrix size for SINVRS.
RESTRICTIONS:

The half symmetric matrix must be stored as shown below for INVRS and
for the half symmetric matrix option of SINVRS. Subroutine INVRS contains no error
checks and should be used with extreme caution.

CALLING SEQUENCE: SINVRS{A(IC),D) or INVRS(A(DV},N,D)

where A is the matrix to be inverted and also, the inverse upon return
D is the determinant of the original matrix to be inverted
N is the matrix siz2
The formats for A are as follows for SINVRS:
(A} Full symetric matrix

IC,N,BLANK,A(1,1),A(1,2), - - - A(T1,N)
A(Z,] sA(st)’ - = = A(Z,N)
t ) 1

A(NS])!A(N$2) - T = A(N!N)

P~



Pruicdiiiaad

ot

| gy

| i 1
e g

T

(B} Half syﬁnetric matrix

IC,N,BLANK,A(1,1),A{1,2),A(1.3), -~ - - A(],N;
A(2:2)=A(293)s - == A(?,N

-

The format for A is as follows for INVRS

A(1,1),A(1,2),A(1,3), - - - A(T,N)
A(Z,Z),A 2!3)3 - == A(?!N)

"~

~
-~
Sy
bl

A(N,N)
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SUBROUTINE NAME: TIMCHK

PURPQSE :

Subroutine TIMCHK compares the elapsed computer time against the
requested computer time, RTIME, and terminates the run if RTIME is exceeded
by the elapsed time. If the second argument, KODE, is non-zero an output
of computer time used will be printed out on each call to TIMCHK. Thus, a
call to TIMCHK in VARIABLES 2 should normally be with KODE=0. IF the output
of computer time used is desired, TIMCHK should be called from QUTPUT with
KODE # 0. The most desirable procedure is to supply two calls to TIMCHK :
(1) a call in VARIABLES 2 with KODE = 0 and (2) a call in OUTPUT with
KODE # 0.

RESTRICTIONS : _
KODE should zero when called from VARIABLES 1 or 2.

CALLING SEQUENCE:
TIMCHK (RTIME, KODE)
maximum computer time requested
print code: = 0, computer time used is not printed out
# 0, computer time used is printed out on
each call to TIMCHK

where RTIME
KODE

il
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SUBROUTINE NAME: WPRINT

PURPOSE:

Subroutine WPRINT will write all the values of the flowrates,
pressure drops, pressures and valve positions. A1l values are printed out versus
the actual numbers for which they occur.

RESTRICTIONS:

Should be called from OUTCAL

CALLING SEQUENCE:  V"PRINT (KI,K2,K3,K4)

where: KI = 0, no flowrates will be printed
= 1, flowrates will be printed
K2 = 0., no pressure drops will be printed
1, pressure drops will be printed
K3 = 0, no pressures will be printed
1, pressures will be printed
K& = 0, no valve positions will be printed
1, valve positions will be printed

DYNAMIC STORAGE REQUIREMENTS: )

Dynamic storage required by WPRINT is NW + NPR + NV where
NW s the number of tubes, NPR is the number of pressure nodes, and NV is the
number of valves.
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6.0 SAMPLE PROBLEM

A sample problem was prepared for the SINFLO routine to demonstrate
the input and output for a typical thermal/flow analysis problem. A schematic of
the problem is shown in Figure 9 . The problem consists of 8 two dimensional
radiator panels, each modeled by two flow paths (one for the main panel of 11
tubes and one for the prime bypass tube}. Contained in the system are a pump,

a bypass valve (valve No. 1) and a stagnation valve between the two flow paths.

The heat Toad to the radiator system comes through a counter flow heat exchanger which

has a controlied inlet temperature of 40°F. The fluid is Freon 21 in the radiator
system and water on the cooied side of the heat exchanger. The nodal subdivision
for the fluid system is shown in Figure 9 . The structural nodal subdivision is
shown in Figure 10,

The sample problem was analyzed using the SNFRWD solution routine.
The input for the problem js Tisted in Table 6 and the printed output is Tisted
in Table 7. A few selected jtems were plotted using the plot package described
in Appendix C. The plots of these items are presented in Figures 11 thru 17. The
same sample problem was analyzed using the other temperature solution methods:

CNFWBK, CNFWRD, CNFAST, HYBRID, CINDSS, SNFRWD FWDBCK, SNFRDL, CINDSL, and STDSTL.
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SINDA/SINFLD PREPROCESSOR

ACD ATHERMAL SPCS

BCD 4SaMPLE PROBLEM ¢/ SNFRWD
END .

BCO INONE DATA

REM NODEWNUMgINC ¢ TI ealT),y ¢ONST

GEN wigli?, le 70, v L0
-198 «100- 1 1.0
-]199 » Qe . 1»0
=200 « 100, v 1e0
SiH  2n1s B, &a 70 v AH, « 720
Siu 202, 8. by 70 . A9,10.3
SiH  203: 8, LY 70 v AHe10s)
Sin 204 0, b To. « AH.1Ne)
Sim  2n%s By - 1Y 70s y A4t}
SIHM 204s B8, 6 70 o A9, 720
SIH 2494 By L1 70 o MY, .720
St 2504 B, by 0. v Ay N7l
SiM 251 B LY 70 e A4, G071
SiM 252, By -7} 70 DL FRY Y3 |
Sim  253. B &y 70 s Ady, L0071
S1M 254y B, b 700 ¢ Ady  ,720
Siv 297 " 7D 2 Ay L299
—_ Stv 2ave . M v AH, L2999
E; Sly 299 . 70 ] Ay 1420
Bl Siv ano t 70« o Ade  LH19
SLy 30l . 70 « An, 49
Sslv 302 . 70 s R4, |50
Siv 303 » 70+ ¢ May L1850
Siv 304 . 70 v A4, 49
siv A0S E 704 A4y LHIY
5y N4 . Tie +  AH. « 720
Siv  1d7 . T y A4, te220
Siv 3o . 7% VA", .720
siv 399 . b1 At «720
Siv 310D . 70 s Al +150
sSiv 2l ’ T v Afds #1150
slv M2 ’ 700 s AMy W720
5fv 313 1 70 » AUy s720
Siv 314 * 70 s Aly 14200
Siv 215 ’ Toe v Alde 299
Siv s * The ¢« Ady w002
Siv M7 ] 70 o Ade 2499
=y0n s 459489 2100
END
RELATIVE NODE NUHBERS
1 THRY 10 2ni
11 THRU 20 214
21  THRU a0 227
31 THRY 40 44
41  THRY L1 216
LY THRU &0 FLY
&1 THAL 7 rax

8
a8

8
8

207
220
232
246
232
247
280

u\““mﬂlﬂmmﬂﬂ“tﬂﬂﬂﬂ““ﬂlﬂﬂ““"“'tﬂﬂ*lﬂmﬂ.l’““ﬂﬂu.

FLUID LuwP3
L] [

L ] L]
FLUSO LUHPS
TUBE LUMPS

40
Ora0

ACTUAL HODE NUMBERS

213 21¢ 225 231 237 293 202
224 232 218 284 203 209 216
23¢ 295 204 210 216 222 228
208 211 217 223 229 23% 241
218 224 213y 235 242 248 FLL)
273 279 485 <71 230 254 262
2B 232 251 257 2ed 69 275

vu

206
221
L]
2497
25%
4.1}
2R

LR AT S5

LOdNT W3T804d 374W¥S 40 INILSIT

9 17avL

TR e

[
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ST T Ul ) el Gemed el Bl SR BEDR P9 O Bews  —t 5!

SINDASINFLO PREFROCESSOR —
71 THRY 8p 207 293 252 258 264 270 276 262 788 294
- - §1 THRU " 253 259 265 27} 2T 262 409 495 254 260
%1 THRU 100 260 272 278 2% 290 296 297 298 799 ana
- <= - 1Of THRY 110 aot 3e2 3 anH 305 306 a7 apd jo? 0
11y THRY 120 3 32 313 a4 35 s 17 ' 2 3
T2 TYHRUT T Tyag T 0 T 4 5 [ I B | 2 10 11 12” 13 - -
131 THRUY 190 : 14 15 16 t? 18 19 20 2t 22 23 —
151 THRU 150 - 29 25 26 27 28 29 a0 3) 12 23
151  THRU 160 3% 35 34 a7 as 39 40 a1 a2 43
- sve= - 381 THRY 170 L q5 58 q7 48 49 50 51 52 523
171 THRY 180 59 55 Sé 57 58 59 &0 51 62 63
—oee—————- i8] TWRU 190 &9 65 &b 67 49 59 70 71 12 73
191 THRU 200 ™ 75 76 r? 78 79 30 8} B2 B2
201  THRY 210 84 85 86 87 88 a9 90 91 L 9?1
211 THRU 220 94 95 76 97 v8 99 100 101 102 103
s 22; THRU 230 104 105 106 107 108 0% 1314 111 112 12 e
231 THRY 238 [F8] 116 1té 117 198 199 200 400
T T NODE ANALYSIGeds OLFFYSION = 117, ARITHHETEC * Ov BOUNDARYy = 12y TOTaAL = 238

TT 7T BED 3SUURCE DATA

REW NODEALTIMED ,COnST ]
o §I' 202, Al5. 144270 g
517 203, A1Ss 1464270 =
TUTTTTTT 81T 204, AiSe 1442700 - ! _
S{T 205, AlS» 14,270 o
51T 208, AlS» 16,270
- SIT 209 AlSs 144270 B
= " S1T 210, AlSe 144270 0
SIT 213, AlSe 18,270 Z
7T S1T 214, ALSs 164270 d
SIT 215, AlSs 144276 §
88T 2idy Aln, 164270 - o
ST 217, AlSy 144270 E —

SIT 220, AlSe Jé.270

SIT 221, AlSe 164270
TUITTTTOTSIT 222, AISy 144270
SIT 2223, AlSy 14e270

TTTTOOSIT 224, AlBy 16270

SIT 227, A1%s 184270
TSIT 228, AlGy 164270
S1T  22%, AlGy 1&.270
TTS1T T 2324 AlS, 164270
SIT 233, AISe l&.270
TTTTTT 61T w234, ANlSe 164270

SIT 235, AlS, 16270

TOTTTTTT O SIT 230, AlSy 140270
SIT 239, Alsy 16,270
SIT 290, AIS5» 144270
SIT 241, A5y 14.270
SIT 244, AlS5s 16,270
51T 285, AlGs 164270
S1T 246, AlSe 16,270
- SIT 247, AlSsy 10,270
T T TTT ST T 250, Al eyl

S1T 251, ALS, Deadl

St1Y 2352, AlG: De431

SIT 253, AlS, Co431

0o 9004 J0
VMEDISO0
l

RITIV
SI HDVd
l

VAR R A AV AV AR AR AL UIE B BA RV AMAWRAA A BN

B -

A S et b 3 o 15U e e




I, S T T

SINDAZSINFLO PREPROCESSOR

SIT 2540 AlLG, Do)
SIT 267 A15, Se 3l
51T 25Rs AlS. Qe421
SIT 259« Al15. Qe4ldl
SIT 2824 A15, Qell;}
SIY 2634 AlS, Oe4d]
SIT 264+ A)Se Qatd1
SIT 2859 A1Ga Da4l1
SIT 248s ALS, 0.4931
SIV 269 ALS, 0431
SIT 270+ AlS, 041
SIT 271 ALS, O+431
SLT 274s ALS, Oei31
SIT 275, A4S, Oe#431
51T 2763 AlS, D431
SIT 277 RIS, De &1
SIT 280+ Al5, 0.4}
SiT 2814 RI5, 0s431
SITY 282, AlS, Dol
S1T 283 AlSy D43}
SIT 284 ALS, Def3)
SIT 287. AlS, Qa431
S1t 288s ALS, Da&3t
S1Y 289« AiS, Ds431

MOR ARV AL RNV RROANV AV PWN AN W

SIT 2924 Al5e  Os43l =
SIT 2934 AlBe  0.431 2
SIt  294e A1Ge D)L i
- SET 295, AISe  O.431 b
8 END =
. BN 3CONDUCTOR OATA 2
’ HE# NG NOG 16 NA INA  NA INB G . =3
GEN =401, Bs 14 202« &y 407 Ds 24590 S HADIATION =2
GEN =409, 'Y 1s 203, & 400 Os 2.59E=0 5 .
GEN =417, 8, 1« 204, s 4N, D 2.5%E=2
GEN =25, B4 1« 205, By MO0, G 2.57E=0 3
GEN =433, B, le 250, Gy 400, Qs DsbBE=Y |
GEN =4, Bs 1« 251, by 4NN, 0¢ O.6BE=9 s R
GEN =449, 8 1e 2524 ds 40D, 01 DokBE~? s
GEN =567, Bs 1y 250y 6 402y Oy D.6BE=T $ '
END
RELATIVE CONDUCTOR HUHBERS ACYUAL CONDUCTOR KUHBERS
I THRU 10 401 4o 4ga apy L1 406 4g? 4p8’ 409 410
b THRUY 20 411 %12 413 419 915 LI 417 418 419 420
21 THRY g %21 4z2 423 424 425 426 427 428 429 430
31 YHRY 49 LET 432 433 LR L 435 q34 437 “a8 439 440
Wl  THRU a0 LTS 442 q43 Qa4 446 44é Ny? 448 4499 46U
61 THRU 3 . 45 452 453 454 455 456 457 458 459 a1
41 THRU &4 441 452 96) 449
CONDUCTOR ANALYSISeee LINEAR @ 0, AADIATION = &4, TOTAL @ &%y CONNECTIONS o 64 '
]
ACD 3IFLOX DATA
ACH ANETNHORK HAIN
¢ GCP4el&F4EBY CPaAl, RABA2Zs HUSAG, KTalay HPASSD]L, HRAR
TOL®e Ol +MXPASSH 10D FADFOe? 4P L2080 tEND
374 234 29 % 1174317 s END
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SINPA,,SINFLO PREPROCESSOR

D,001008, Cull25, 2040 s 2428 , 040 =

o o 99 9 106 » 107 4 114 . oEND
0,001008, G,1125, 245 ¢ D420L , 0.0 » .
-toTmmm T m T o o 102 » 30373 110 » 11 " ’ BT 3 T
0,001008, Je¢112%, 5040 4y Beb2 0a n
'''' 115 oo T Tt = sEND
0,001008, 41129, 740 s De7875, 0e0 =
T T s 300 + 100 » 109 4 105 4 FOR o 10% 4 112 & $13 sEND
0,001008, 01125, 20 ¢ 04225 , 0,0 »
oot T - l1s 'END -
0s0,0+0,00010:0,0,0%200,END
TTTE DIVIDE THECK AT D23407 7 T : oot T o T
END
TOTTT UTTT BED O AVALVE DATA = o T : = -
3.2.3&'.999°9|[|100|l|99999.0'u.117.35.|!75ll5I50|END
- 213 M= 9997 1 3001109999040 14599000e7 50545, END
END
T T TTACD CAFLORn SOURCE DAaTA ' ’ T
1425000 END :
o T 77 END T
BCD 3EHD FLOw DATA
T TTT BED JCONSTANTS DAY P —_
TIHEND .08
- T/ T DTIHEL100IS - T T T -
DTIMEH0015
NLOOP 100 S
DALXCA:D.01 E
= TTTT 7T ARLACAD0.01 5 T
=3 CuUTPYT1e0
T T IaieR g T T o ’ : ) ToTToTTET T e
Z 0WZHU43E S
- EnD . . . . -
CONSYANTS ANALYSIS,,y USER = 2s ADDED = 3 1] 4y TOTAL @
BCD JARRAY DATA *
- i B S FREON=ZI SPECIFIC HEAT T '1”"’: oI -
=400, , «22] o =218, r 9423 v =217 130223
TUUTTTTTTITUTT a212e 334723 4 w201 + 0223 2 =160 g 224
=110« , o228 s =&0s v «231 . Oe r 0237
T e 400 4 244 g 904 1 «254 « 120« s 2484
140s 2278 + 1506 v «280 » 1BQe + 0295
298¢ eI T : ’ T mmommeee
END
- 2 " ¢ FREDN=21 DENSITY
=400y o 110, g =218, s L0 s« =217 s 110e
=212« 4 l10. p =211 e 110 p »léQe » 109,
=110 o 99425 , =804 v Vb » 0 s 918
''''''''' T 90 1« 88,5 » 90 s HHa2 s 1200 v 818
140 , 80,1 » 150, 1 79,7 sy 180 v 76,
24he o 89,
END
k] s FREON=2) DENSITY TIMES SPECIFIC HEAT
w00, v 29,53 , =214, v 2HeSY 4 =217 » 90%e5)
v =212¢ 5 B09.53 4 =211 4 £%:51 , =lb0r 4, 23.0M0
=il0e 4 22,483 , =504 ' 42418 Qe s 21469
40¢ o 21485% 90, e 21037 , 1200 s 2180
190e o 21495 4 150, v 22437 , 1BQ» v 22042
. ' ] % ] * '
Vs | - - S .
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29be + 21073

END
% s ALUMIHUM SPECIFIC HEAT
=500, - 2092 4 =300 y 0129 ¢+ =200 » 0152
=100« +» o175 Oe v 4192 o 100¢ o w208 e e e e e e e
15 | PR3 | R - R - T
END
- 5 s FREQNo2]1 VISCOSITY
»%00a0 » 1741 W =212 » 191 s =2k 0 1%l
=209 ¢ 1B45 « =206 v 14455 4 =203 s L4e7?5
w200 o L1347 v =194, s 1145 s =190 v 1008 R L N .
TR T alB8e s 10408 T =1Bde s 725 4 =178¢ y 184] T -
w72, 712 ¢ =lpbe s bedd 4 =158 ¢ Se22
=1S4%e Sa21 o miuba » G758 4 =l®2a ' He32
«ldbe » 3,94 o =130« » 3sb8 4 =124, M 342
118y Jeld » =112 ' 2381 4 =7&» N 2+02
L1 L P VYobZ o [ 1Y ] (217 0. ] Al I _
- - 40¢ 4 «870 » loO» " W T24 4 160 » w561
260 *194
END .
b $ FREQON=21 THERMAL CONpucTIVITY . [ o) (=] g
ST T a4DO, s 06l » 0.0 ¢« Qe075 , 250, « 0,035 == o
END a ™
Rt ? s EMISSIVITY =
=400, s 092 p» 26D y D92 +END E .
B3SPACEYI29END § ENTHALPY CURVE
- 1 s INLET TEHPERATURE V5 TIME w E 3
= O » B804 s 20 ¢+ 80 +END . [)
j2 g INLEY FLOW RATE vS TIHE gbﬂ 3
e Gs » 25000 ¢ 20 ¢ 2u00s  4END hog 5
12 3 FUMP CURVE )
- 100040, 1750000 = g
200040y 15546060 g
300040 1000000 m
q000.Cy, 250000, gKD
T 15 S PANEL HEAT FLUX v5 TIME
Qs o 40, » 20« s H0a +ERD
14424600l os100DeslaEND S
17+SPACS JH9END
; END
=== = ACTUAL ARRAY NUHBERs VRS FORTRAN ADURESSES
T A 1 = Af n v A FRC RN | 34 e A 3 s At 7 L H & AL 1ody} s A 5 & Al 315) .
A 6 = At 178) » A 7 8 At (85 4 A 6 = 40 J190) 4 A pbom oAl 223, & §2 o Al 228)
A 13 = A1 233} » A 15 @« AL 242} » A 16 = at 287 » A V7w Al 2520 & A
ARRAY ANALYSIS+s+s NUMBER DF ARRAYS = 14 TOTAL LEHGTW = 256
TUBE NUMBER LIST
1 2 3 b 5 & ? [ L 11 in
. 1t 12 13 19 15 18 17 18 19 20 20
21 22 23 24 25 24 27 b 29 g L
- kI 3z 33 kL] 3= 36 a7 18 a9 39
PRES-URE NODE LIST
1 3 q 5 [ 7 B 9 o ic

PO



SINDA/SINFLOD PREPRQCESSOR
1 12 13 14 Is a7
z1 22 23 24 1

YALV: NUHBER LIST
B ) F 3
INTTeAL YALVE POSITIONS
?.9990~01 F4999%=0}

BCD JIEXECUTION

BIMENSION X{2000) F
. NDJM = 2000 ¥
NTH = 0 F
RESET
CRYIRTIAL4AB)
CRVINTLAL6,AL7}
TOPLIN
GENOUT{AB+ Ll oA ,3HOAD)
et FLOSOL
SNFRRD
STOREPI(K2}
END FILE 22 F
END FILE 23 ¢
END .
- T BCD IVARIASLES 1
DIOEGLITIHEN AL ,T198)
c;h; HXEFF 104735000 ,0137)91404A04T$780T117,7199,T200,A17sAB) H
o BCP IVARIABLES 2
FLOSOL
M TIMCHKIK] +D) - -
HSTFLOI .01}
- END
BCD 3JOUTPUT CALLS
TPRNT
APRINY (L Lelsl)
T T T R IHCHK (K 40} R T T T -
END

¢ o0,VIDE CHECK HAS OCCURREDs o

GFREE DATA,

DADDsp SINFLOCPROC
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gYSTEHS [“PROVED NUNERICAL DIFFERENCInG ANALYZER ® & o S5lHDA ° = = HNlyAC=1)08 FORTHAN=y VENSION PAGE 1

SAMPLE PROBLEH / SNFOWD

As
=9,0000402 0 2o 18UQ*0D2  HepS85e0]1 =2.570p%D2 . 9.2559+0) =7,1200%0Z  b.1174¢01 =251100%02 61147401 10
wl 6000%02 7.4595%01 «loi00p*02 8,2845+0) ~&.0000¢01 .7320+01 (] 1+1135°02  4enpo0*Qol 12098402 2p
*,0000°0] 103383002 1.200p%02 le4120¢02 1+4060g+02 1a465a+02 15000702 1492502 leapno*02 1s5798%02 ao
2.,4600002 leZ78lle02 ) o 32

e DIVIDE CHECK AT 023224
e DIVIDE CHECK AT 023224

TIHES ,00000 pTYIMEU= De00000 CSGHING 2500% 1,42087=01 TEMPCCI 2501  Qe0DODOU RELcht. S59)lm  1,97418+04 .
1= 70.000 T 2e 70.000 T 3= 70,000 L] 70.000 5 70.n00 (1] Tnelnt _
7= 70,000 T 8s 70,000 ¥e  79.000 o 704000 i1* 70,000 12s  73.000 -

13= 70,000
1%= 70,000
25= 70,000
3= 70.000
ars 70,000
q3= 70.000
490 70.060
SEe 70.000
blm 70.000
&7e 20.000
73= 70.000
79= ° 70,000
85e 70.000
Flm 70.000
Fim 70.000
T03= 70,000
109= 70.000
115= 70.000
20i= 70.000
207w 70,000
212a 70,000
219%= 70.000
225 70,000
23is= 70,000
237= 70.000
2493s 70.000
249%= 70,000
255 70.000
r{ 3% 70,000
267 70.000
FR L] 70,000
2792 70.000
285w 70,000
291e. 70.000
297w 70.000
a0ls 76,009
30%= 70,000

14» 70,000
20% 70,000
24 70,000
EFL 70,000
lg= 704000
Gim 70,000
60 70,000
54@ 740,000
bZw 70,000
LLL) 70,000
Tie 70,000
fp= 704,000
Bas 70,000
vas 70,000
P4s= 70,000
104= 70,000
110w 70,000
116e 70,000
202= 70,000
208w 70,000
2ly= 70,000
220s 70,000
224 70,000
232m 70,000
238w 70,000
2454m 70,000
250" 70,000
254w 70,000
262m 70,000
2489 70,000
274» 70,000
280% 70.0u0
2846w 70,000
292n 70,000
29aa 70,000
kDR 70,000
RN 70,000

158 70,000
21 7g,000
27= 70,000
33=  7g,.000
as=  7p,000
45  7g.000
S1=  7Tn.000
57= 79,000
63 70,000
69»  7g,000
7= 70,000
8= 7p,000
67=  7g3.000
#3=  7p.000
¥9e 70,000
105=  7p,000
ti1l= 73,000
117=  7p.000
203=  70.000
209= 70,000
215=  7p.000
221" 70,000
227« 7p,300
233=  7g,000
239 70,000
245« 7g,000
2518 70,000
257= 70,000
263= 70,000
289« 70,000
275 7p.000
201= 70,000
287= 70,000
293=  7p,000
2990 70.000
auss  7g,000
ajt= 7p.000

16= 70,000
2= 70,300
280 70,000
Jue 70.000
4gw 70.,0u0
4= 70,000
B2 70.000
5488 70,000
bie 79,000
o= 70.000
76m 70.000
2w 70,000
Bys= 70.000
Fym 70.000
1ou= 70,000
104= 70,000
1hd= 70,000
196= 100.00
204n 70,000
2lu= 70,000
FEY-L 70.000
FFE L 70,000
22yn 10,000
FEL L 70,000
FALL] 10.000
2480 704,000
25z 70,000
254= 70,000
2648 70,000
27u= 10,000
27a% 70,000
282w 70,000
28ue. 704000
294m 70,000
pn= 1a,000
AL 70,000
dlin 704,000

17% 70,000
23 70.000
9% 70,000
15 70,000
41% 70,0060
472 70,000
53¢ 70,000
59=  70.000
5% 70,000
71%  7D.000
77m 70.0080
83= 70,000
as* 70,080
5% 70,060
fo1e 70,008
1972 76,000
113 70,000
199= 40,000
Zy5%  70.000
Z11" 70,000
217  70.000
223 70,000
229 70,000
£435% 70,000
241 70,000
447" 70,000
Z53® 70,000
Z5%= 70,000
285®  7p.060
2721 70,000
2772 70.000
ZB3% 70,060
289% 70,000
295® 70,000
lpi* 70,000
3u7® 7,000
3ja= To,000

j8» T9.000
FRL 70.000
ige 704000
RL L 70000
CFi] 70.G00
Ho= 10,000
S4m 70.600
sQ= 70.000
11 70.0900
7w 7G.000
78m 704,000
Gym 70060
fo- 70,000
Gom 7064000
102s 70000
[ -1 10,000
Li4= 7d.00D
200" 1G0.00
204w 70.000
Zidm= 70.000
21 70.000
224= 70.000
Zip= 70,000
2)bm 70.000
4= 70000
FLTE 704000
254w 70.00D
260¢ 7G.000
286 704000
21in 76000
278= 70000
284w 70,000
29p= 704,050
294a 7G+G00
nd= 70.000
agl= 704000
J) = 70.000
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) L 4 (22401 " 7= 427025 ] Be 522411 ] 9 [249,4 " 100 2498.7
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L} 2=
W T 246w
L] ale
TWTTTTTT 380
L/ e
or &=
' L § §
op jom
0r T 21a
ce 26=
0P 7 31w
pp A4m
[ 4 (R
P T T kw
4 1=
P"7TTTTT 14w
P 2=
¥ 2=

COHPTER TIMHE m

827.2% L]
2499,9 -]
26H781-pt B
W2I166=01 @
157479 " " 0p
323040 or
8978,9 pp
W556763ap2 DP
321040 op
6b6.72 op
+567463=02 OP
10762 op
11129« p
9852.,0 " P
229949 P
63464 T P
2299,9 ]
+ 9990 ve
+000

T eT DEIVIDE CHECK AT 023224
® DIVyDE CHECK AT 023224

m
—
Lo

LI I Y T
TiuEs
L]
— 7a
13e=
Cyem
25
e
37
- 3w
49=
558
LI L
o7
T3a
—— %w
11
Tim
s
T03=
109w
115e
20)=
207e

-t o oy -y

I [ R R P RPN

684830
68,829
66,820
48,829
12.050
12.093
12,048
12.056
58,027
48,028
60,827
48,0828
&§7.504

8745049 7

67.503
674509
60,825
12,032
67,502
. 817
608,831
48,830
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SAMPLE PROBLEH /7 SNFawD

22m
27w
e
7=

—— oa
7

12w

|7=

22s

27m

32w

7=

26
7=
f2w

e = 17

2=
3=

HINUTES

2a

an
14=
20«
26s
iz=
ags
LLL)
50w
S4=
420
b=
7qm

——pgm -

a4
P2=
Y0n
j Gh=
1o
J146%
202
208=

cYSTEMS IMPROVED NUMERICAL DIFFERENCInG

622411
»2483%
159395y}
2%9%2,7

19129
321040
»5)1000=03
«51880eD3
A214.0
236621203
«58783en,
2D%«22

10972
&&42.0
2299.%
313841
2301.4%

9999

50,458
50577
50,574
50,4958
441675
31327
TR L
49124
68,493
68,493
4B W4
LEPR L]
674176
674178
67,175
41,175
68,825
124037
67,502
67,978
8,475
as,Aa;7

AHNALYZER

" 23
] 28=
v 33s=
w hY:
op Im
or Ba
op 13e
op 16w
orE 23e
op 28w
or dis
orP b1
[ im
[ 8=
P 13
P 18
P 23=

S5.00008=03 csgupnl

B R R R R I I IV R O R U g S

2621s=

e

9
15=
21
7=
3=
39
45
Sle
57a
[ 2L
&%
75e
Blw
are
93m
9
juGE=
1l1e
1=
203=
20%e

“ = = S5INDA = =
62725 " 24e
1324818 L] 29=
«12918 W Aym
2999 ,4 " Ion
836072 Bp T T 4
3210,0 op 7=
+567463.02 Dp 140
13156903 pp 19a
3210,0 op 4=
«G183D.03 pp 29=
«H8820.03 pp Jy=
6pp5,4 op Jow
1p780, P qw
6537,5 P 9=
2299,9 P 1in
2301 .4 P L]
20922 P 24=
1,45333+0] Teupcct
s, 292 T Yo
35,490 b { iu=
35,484 T L
35,287 T az=
w3, a72% T e=
=%,0385 T Jya
=4.0238 T $o=
=3,3342 1] 4om
58,180 L - PL]
40,1482 T Sim
48,342 4 by
g, 16} 1 fo=
bp,0847 ] Tas
84,899 1 oz=
64,8498 T agm
65,047 4 Yy
58,824 T log=
«15,%14 T 10a®
67,502 T 120
19,819 T 196=
FILTYY T 204=
24,877 T 21p=

- UHIyAC=110m FORTRAN=y VERS)ON

Casnaf  fomwd G G )

622.11 n 26 1249,4
w6978 my)l o Jo® 593195«p}
« 24050 » 35® 2499,4
2492
B8é4.98) P 5% 121040
86.981 0P Ip® 109.49
+54763ay2 P 1568 ,54763=p2
108489 oP 2gs 95,988
321u0.0 P 25= 86,981
v586458ay2 9P 3p® ,5a458ap2
e28687my2 P 3e= 2p92,2
213123=yj
9943,5 P 68 5729.0
23014 4 lus 2299,9
6433,1 P 183 3273,.1
2299.% [ 208 2299,9
«Ounoa
262)®  1,20617+%n} RELXCC! 49im
224553 T S 11.890
22,4751 T 11® $12,144
224744 4 17s 12,138
224507 T 23% 11,864
=10.0587 1 29® .15,837
«1044907 T 356® =j4,00U0
=10.,238% T 1% =)b,98)
=§0032 T 478 =15,824
674827 T 4% 47,198
67,831 T 89" $7.502
67,832 T 659  $7,503
87,829 T 7" &§7,499
464520 T 770 66,195
464523 T B83*  4s,31v0
bbe522 1 e 54,198
68,4520 T 959 66,194
68,827 T aule 12,029
“iS,%04 T 107= 88,825
47,503 T 113% 48,198
8G,U00 T 1999 w3 s62
12,495 T 205 FXURAE )
12,9585 T 211 749554

L I I R R R [ R P PP S

Beal7854Q
&= 11907
12® 124159
18= t2e1497
24= 1he%00
age 15,854
6w L15,982
42% 35,943
HEW 15,842
5q= 67500
aQ= 87,503
bam 67504
72~ 674500
7= bael%
Byn 864199
fgw Ghe )9V
Pem sbe1%8
102= 12,034
108= 68,828
Liae &b 4,198
z0Q= 08,825
206 11.90%
L= 124460
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SYSTEHS JHPROVED NUMERICAL DIFFERENC:NG AdNALYZER

T 213
T 219
T 225=
) 23|=
7 237s
YT 293
T 249=
T 2558
T 2810
T  287m
273w
TTTY T 279.
1 285w
T 291w
T 297a
T RUEL]
v T 30%w
T ¥ 7 ars5=
w i
| b
L] 11
» [
o 2=
- w 26
R 3le
L] b
Op I=
TRPTTT T be
op 11w
op 16w
op 2=
op 2b=
op il=
DP T T 3ém
P 1=
r &
3 11
P jo=
I 21=
vp L)

48,029
58.830
12,053
12,050
12055
12.,05%
&B,827
48,827
68,628
68,6828
57,504
67,504
4745084
674504
68,825
12,033
67,502
A%, 817

250040
207403
1667,.3
41615
207439
B3ZebH
H17,52
w2471%=p]

20929
4325
41208
A984,8
33779
126499
3198046
11288+

11708+
316248
10834,
271758,6

67035 —

« 33304

CONPTER TIHE =
Tu; PROBLER [DENTIp1ED A5 DR243T

EMD OF DATA
® oDvIDE CHECK HAS OCCURRED® »

B B B R P R R B ]

ET X AR ST

-]
T T

op
op
bp
bp
op

MovT O

ve

‘quPLE PROBLEM / SNFRwO

214w
220
224
232

3a,ep8
A8, 468

a?albyl
wHalbHE

2)8m 5445474

294=
250"
256»
242
248=
274s

T 2Bp=

284e
292=
278
304n
ilg=
316

2=

7
iz=
17=
22=
27=
2=
3.

2=
7=
iz=
17=
22=
27=
ize
T 3=

2=
7e
i2=
17=

T 22w

i

+489 HINUTES

=7.0389

45,450
65,498
65,499
65,49}
69,214
bi,222
64,221
&4,233
68,825
12,038
67,502
67,978

2500,.0
209,29
B33+48
B33.47
20703
j6567.3
LR Y- TRY:]
2500.8

209.30
343.05
92,879
42.884%
337.79
51.515
3780.4
210.07

1149F
FLER Y Y
&849, 4
24937,8
2722,9

+ 99999

HAS BEEwy STORED AT THIS potnr

R R R R I B R I [ P R Iy

ER- AN F N R

215w
221"
287
233s
23%a
245=
251"
257=
263"
2690
275=
281m
267=
293=
299s=
3yss
=
317=

In

Bm
13a
18n
23a
28w
3l
kL1

=

Ba
13s
18w
23w
2@a
a3e
2=

2a
Be
13=
18s
23s

24,887
244,455
«15,060
15,203
16,182
=15,055
65,160
45,177
65,178
05,169
&3,89%
63,%05
63,904
63,895
66,826
=15,712
67,502
39,628

B32.64
2D6e%7
41745}
1667.3
20930
833.44
B33.47
83264

B11347
A43+06
3984,8
B1,515
3751
42,083
42,887
737475

11269,
280440
6797,9
211048
210.07

SiINba

L I R I R I e T R R g

FEFTTEETES

2l4m
2220
226m
2348
240

‘244

252
254m
264e
27aw
278w
28z=
288w
2%te
Jpus
A04s=
Algn
4g00=

Hu
[} ]
14w
19m
F4 L]
2%=
iqe
kLA

4=

Qa
I4im
19n
un
29=
4=
9=

Ym

9
14e
190
24

- UNIvAC=ILl0R FORTHAN»y VERSIQN

12943
12,48
w20,046
=204120
=20,103
=20,047
b4,847
b4 .857
64,857
4,807
834579
43,589
83,549
83,579
66,827
=15,%0)
67,503
=459456%

“10e38
4ld.26
416.15
BIebH
20673
HiT7ae582
166743
1647,3

12.724%
12.922
398448
15,527
337451
VLTI
Hi2e)h
8154,2

37545
108727
2?“8.5
6T44,.4
»00U00

* -!
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33 332

up
aP
oe
oP
oP

TV TD

2L
2230
229
215
24)s
UYL
263%
299
245m
271"
277
283"
289
295"
o=
aor-
3jam

ae
lpe=
1 §-1]
20w
25=
pm
-1 ]

Em
ip»
lg=
2o=
25k
dgm
Jgm

Ga
lu=
1=
20w

29432
2e4592
=28 ,44%8B
=24,44)
-2Y4 447
=24,48]
64,527
#4,528
54,538
54,527
43,264
43,275
63,274
63,283
12,00
68.825
66,198

209435
Blrent
$17451
Qlhaeb2
414423
416el5
25nD.0

141426
15,527
374,808
12,931
13,210
359R0.6
2in0.7

281245
6892,2)
2451 .0
2745.8

B R L L E L N

2)8=
224w
230
iibe
FAPL)
2udw
254
260"
264w
272%
278%
284w
29¢°
294e
3oz
ague
aye

O it . B

PAGE

12153
1170
w15,858
15,97
=15,952
15,843
67.500
&7 4504
474504
874501
864197
&b.200
YT 4]
664198
12.032
89,828
464198
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_ SHFRWp PLOTS N
_ . PLOTYT PAROGRAMN
TITLE = SINFLO SAMPLE PROBLEN / SHFRaD
- TTTT T EHOM «000 HRAS. TO "7 3+000 HRAse 5 ®ITH 7 77 3.00d HRS, eER GRID
- - - o T THE HISTORy TAPE LABEL IS
T T T -7 " SAHPLE PROBLEM / SNFRWD
_‘lnE ITEH COUHTS ARE =« TAA 39pP . 29pR ave [15:1:3 [H144
ToTToT T T o - osY IA9R DFY orr 23457
- 1 1TEN =285T AT 320
~ 2 ITEH 10457 &Y Jae
3 1TEH 11457 AT 236
- T L] 1TER 1)58Y AY 237
s 1TEH =l1757T AY 3avy
s 4 1TEx 20057 AT N2
7 ITEH £98ST AT 340
- 8 ITER 19957 ar KLY
B L4 1TEH =\FR AT &7 _ i
T T T T T T T 10 1TEN 2FR A% b4 B
i1 1TEY ASFR AT 102
o : o 12 1TEn «2FR AY 'Y
13 ITEH IFR AT a9
e 14 ITEN 11FR  AY 17
_ i5 _ITER =iPR AT 4L .
e T s 1TEH 2PR AT LY
1 X4 1TEH IPR AT %)
- T - 18 1TEH 24PR AT o4
1* 1YEu =4PR AT 44
. 20 ITEH PR AT 49
21 1TE# 18RR A% 5
T T = m T 22 ITEH 23PR AT (%
23 ITEH =2¥PF AT 85
21 1TEH P ar ab
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R L or et CT S

|- S, B it g

104 100 AIINIgd NNY 1014
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SNFRE. PLOTS

264857
«025
23n2e722

764297
+025
2301.2%0

74953
«02%
23054295

73+529
«023
23074140
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FIGURE 12
SYSTEM TEMPERATURES PLOTS

S |

[ |

=

-- DEGF
-= DEGF
~- DEGF

SINFLO SAMPLE PROBLEM 7/ SNFRWD
RADIATOR CONTROLLED OUTLET. HX INLET -- DEGF
HX OUTLET ON RADIATGR SIDE

HX INLET ON WATER SIDE
HX OUTLET ON WATER SIDE

[1]
[2]
[3]
[41

Yol ; VST omh B (et defbnony 5 e  FHS
Ltk Lo i Ll o
. i o *_ o A 6 0 L i o e o
AR R | € D R B R hind v e b it
T ”*u v doe L AR TR R R B i v o
1 . ! i | i A& ! cit
! ~ e e i P s el o e s e e i cpa e i 3]
St e St
- omnng - S b o - ivlnl_
r;..u..rll.!., 3 il i -ou*...l.”.i.m
] fogel iy
i i _
M pocss .l“a.
: i -1_7 < %
i Sl o L s
ihe | ] G G r..& +-+ :
L k8 £ .
m B B
L
] | B e
| ¢
_ | -
1 3 & i H !
! * _ T

| Sttt |
Bomerrmeeg

34N1VH3dHaL

isian (R smm

[y

...-L‘l..,_v” [ Wﬂl:“

TIME - (HOLRS?

| asas |

ey

d

123




oy

gy
r
[S—— ) | Lo

=

FIGURE 13
SYSTEM FLOW RATE PLOTS
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FIGURE 14
RADIATOR FLOW RATE PLOTS
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FIGURE 15
SYSTEM PRESSURE PLOTS
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FIGURE 16
RADIATOR PRESSURE PLOTS
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APPENDIX A

RADIATION INTERCHANGE ANALYSIS

Capabilities have been inéorporated into subroutines for use with SINDA to
facilitate the analysis of radiation heat transfer inean enclosure. The capabilities
include the ability to:

(1) Analyze diffuse and/or specu]ar 1nfrared rad1at1on in

| an enclosure - o o

(2) Analyze diffuse and/or specular radiation from an external

source for as many wave bands as desired .

(3) Consolidate several temperature nodes 1nto a s1nu1e surface

to improve computational efficiency

A rad1at1on surface is .defined as a group of temperature nodes which may be
assumed to have identical radiating properties, angle factors and interchange factors.

The subroutines account for the net radiation heat transfer between a numbar
of surfaces due to the emitted radiation from each surface reflected radiation from
each surface, and radiation from any number of incident sources. The reflection of the
energy originally emitted by another surface or from an external source may be either
diffuse, specular, or any combination of the two.

Emitted Radiation In A Cavity - | |

The radiosity of a surface is defined as the flux of infrared radiation
Teaving that surface with a diffuse distribution (according to Lambert's Law). That
energy Teaving a surface which has been reflected in a specular manner does not contri-
bute to the radiosity of that surface. The incident infrared radiosity is denoted by
the symbol H. The reflectance (1 - €) of a surface is separated into two components,
thé diffuse refiectance (p), and the specular refiectance (p°). Here € is the emit-
tance of the surface and is equivalent to the absorptance for Tong wavelength radiation

With the ang1e factors (Fij) defined in the normal way . there exist similar ang1e

factors which relate the geometr1ca] ab1]1ty of surface i to rad1ate to surface j by
means of a mirror-Tike reflection from specular surface k. Reference to Figure A-T1 in-

dicates the method of imagery which will enable the calculation of these reflected anglr

factors., Here the angle factor to surface j is identical with the angle factor to

‘the image of surface j. Also the anale factnr is 11m1ted by the an111ty of surface 1

to “see" through the "window" of surface k. W1th the specular surface anq]e factors

S0 def1ned an 1nterchanqe factor E1J is defined similarly to reference 8 as follows:

. PRECEDING IU&GHB.BI&&bEI LK}P ETIJHII)
Aol { o
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FIGURE A-1 ILLUSTRATION OF METHOD USED TO DETERMINE SPECULAR SURFACE REFLECTED VIEW FACTORS
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{ﬁ Here Fij(k) is the angle factor from i fo j as seen in the specu]ar'surface

- ks Fij(k,1 ) 1s the angle factor from i to j as seen in the double specular -
ﬂ; reflection from k and v. There are an infinite number of possible combinations

of these multi-reflections. It is evident that the interchange factors account for
the specularly reflected radiant flux from the reflecting surface. This

portijon of total leaving flux is not a component of the radiosity of that

surface, The radiosity may be_written

. 4 ‘ | “
BT e T ARy, | a2

and for ns surfaces,

-. = 1 :E: BJ 5E 51

Now the interchange factors obey the reciprocity relation

A By = Ay By

e IR B T e B R

SO, 7 H-i=ZBj E_IJ-
SR
Substitution into the equation for B results in
-:E: (85 - BE:
i o7

‘R = . ‘. o H:A;B B
ij ﬁ)%- %”Ti-f“~ X )”

D e e R e

This equatnon represents a set of Tinear, s1mu1taneous, 1nhomogenEOUS - 7
- algebraic equat1ons for the' unknowns (BJ) Thy,aymboT 813 s the Kronecker :
delta function which is 1 when 1 ='j and is 0 when i# J. o
Note that the coefTECTEnts of Bj in equat10n {2-3) do not form a
- symetric coeff1c3ent matrix since the off_d1agona1_terms contain - p1E1J e
" This equation can be made symetric by multiplying each equation by Ai/p;.

1 3 B

o



This gives _ }
a.._ . . . . A . 3
2215 - EAr ) B g A 0Tt _
J p.i P.i 1= ]: ns

Written in matrix form this equation is

| EB=T
" Nher'e:'llzuis a symetm"c coefficient “r.natr:i.x.. The solution s
= 1 oot
or _
- © a1 e A -
B. | Z e TA; 4
J=1 o |
The net heat transfer rate asorbed by surface i is given by
Q. = A, [H, ~ @ 7.4 1
™ i i i
Where H; is given from equation (A-2) as
' ' o 4
Hy = 1. [Bi - €aTN]
P3
Substituting in for H; gives

4

y:
_ Q-‘l = AT € ._{ 1. [B: -€ Q'T._i _].-f O‘_T_i_ }
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Then |

Substituting in for B; from equation (A-5) into equation (A~6) gives

ns Y _
- - e-.[.' €

o Lh 1{ 2 G ¢ifor? [0+ ¢ ] o1t

e, P o, 74 .
o h GL'{'E B P e P {PH =85 ]”--rTa" % A7)
R i |

Since, ih'steady Sta‘tE, .Q'i ‘=0 _.,'. and T = T
conclude that o ,

B B a1
Py tEg - B € A = E ____e._I : A

Making the above Subs-i:'ft:dti on in equation (A«-ﬂgwes

e ] :
E o -. 138,‘” {TJ'--T.]

If we defineoy as

Fig T_SGN 0 aeg o 8

a T
'] 'l [
J='l B

U.'r

| Th'IS equatwn gwes the heat fTuA between surfaces HDWeVer, each sur'face
can contam several nodes The heat absot‘bed by for eacb, node is determmed




. x . PO 41 :
A = o R

Where n = the node number on surface i

Prior to each iteration, the temperature of the surfaces are determined by

nn . _ nn 4
_ . : 4 o . : 2: AT
Ti4 - né]nn = onl (A-10)

E: A R ___51

Where nn = the number of nodes on surface i

- Since the heat transfer rate given by equation (A-0} depends on the node
temperature, stability considerations must be taken into account. This is
handled by storing the fo110w1ng re1at1on into the array conta1n1ng the
sum of the conductors used for time 1ncrement calculation '

nc _ :
CON, = 4 i’l o T D ?:'Aij L (A-T1)
A; J=1 :

Subroutihe RADiR‘makes the ea1¢u1at10hs neeessary to obtain Qn
given by equation (A-9) and CONn given by equation (Aell);'.The-f011nw1ngjis
a summary of the calculations: |

A. The following are performed the First t1me through RADIR

T. From the user input values of E{ij, Aj, and p;, the E

" matrix given by equation (A-#4) is formed. Only half.

of the symetric matrix is stored to save space,
2.  The E matrix is 1nverted 1n 1ts own space to get E -1
~ with elements eij -1 |

3. The“¥ A;; values are determ1ned from equation (A-3)
_ " and stored in the surface. cnnnect1ons data. _ _
B. The following calculations are performed on each temperature

iterations: o |
1. The temperature of each surface is calcu1ated by" equat1on SRRCINEE
(A-10). ,

- 2. The heat absorbed for each node is determined using = -
equation (A-9) and is added to the Q array.
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The routine utilizes data used for obta1n1ng'§¥/AqJ in step A as work1ng

- space for step B, thus maximizing space utiiization.

VX B

Radiation From External Source
As with the internally generated radiation, the solar (or any other
external source radiation) interchange factor is defined by

Fis +Zk:p‘§§_ Fglk) + AF}:: £ Fiy (o) +

Where p§5 is the solar specular reflectance of surface K

F..(K) is the angle factor from i to j as seen 1n the
1 specular surface k '

Fi'(K’l) is the angle factor from i to j as seen in a double
J specular reflection from j to ;] to k back to i

The interchange factors as defined above accounts for the specularly flux
reflected from the surface. Thus, since the specular component of the flux

is assumed to go directly from surface i to surface j by the interchange
factor, Eij, this portion of the total flux is not a component of the radiosity
for the intermmediate surfaces (k and 1 above). The radiosity of surface

i is given by

* _ 3 ,
BY = B M (A-12)

Where B is the radiosity (energy leaving)

H is the incident energy

—l.* -—l-* el s *

p is the diffuse ref]ectance

The energy incident upon a surface is g1ven by

Where §j 1s the energy d1rect1y 1nc1dent oh surface i from
an external source

Z B + 5‘1' (A-13)

i
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__ Substﬂ:utmg equation (A-12) into UHBl, mu]tlpmng by A1/P1 a“d Smnhfylng o

- gi ves the foﬂom ng re1atwn for- the radmsﬁ:y

REE l-:1,‘,t1t1 BY L) ERAE
pi* . . i =

Note that the equations are wmtten S0 that E* 13 a symﬂtmc matmx, wh1 ch
has the solution for'B* .

B* = E*—Js . 0]" 2 [ei'] A v_ ' (A"16)

Where {e*f‘ j‘1 is the 1Jth e]ement of the inverse of the E* matmx
Tne heat flux abserbed by the i th surface 1s gwen by
= ¢:zHi

But from equation (A-I-’--ﬁ
. 'B.

P
A .
Commmng equatwns (A-16), (A-17), and (A-18) gives

If we define

i T %5 %1% e (ae20)

Then the absorbed heat flux is _gT-Ven_;'by

= 2L TF A S , — (a-21)

=Sy =l o (A-14)

(a-17)

37473 (Aﬁ]g_) 7
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Equat1on (A—°T) q1ves the heat absorbed by each surface._ However, eech surface
may conta1n severa] ﬁemperature nodes. The absorbed heat for each node 15

Lncscard

g1ven by
f
% no. K; Qi : i
iﬁ | "lﬂhere'Aﬁ is the afea7of'fhe”hode ?
it Subroutine RADSL was written to make necessary calculations to '?
x : . . . . . N
, obtain Q given by equation (A-22). The following is a summary of the g
H K . . . i
i i caleulations: - D G e i
o | A. The fo11owing caleutations are made the first time through §
1 | RADSOL: . | ;
4y T. From the user fnput values of E s p1 , and Aa, the E
I} E* matrix given by equation (A- 153 is formed OnTy one §
,‘ half is stored since E* is symetric. i
I 2. The E* matrix 1§ inverted in its own space to get E* -1 §
: with elements, e1} ’ , - i
E 3. The‘if* ‘A5 values are determmed from equatmn (A-20) and‘ §

"stored 1n the surface connections data.
The fo1low1ng ca]culat1ons are performed on- each temperature S
r1terat1on. '

I

T. : The heat flux absorbed: by each node is calculated by

Z 03:1311

2. The net heat absorbed by th1s wave?angth rad1atlon is
oa1cu]ated fOr each temperature node on each surface by

B T T

.P[_..

i Ai_ |

| Th1s quant1ty of absorbed heat is added to the Q array for |

fL

node n.
i 1?
c |
.



 Note that the user may specify -éubro_utine RADSO_L fdr as 'mﬁhy_ b'a_n"ds of .
radiation from an éxte-rnal source as desired. A single call is required = 5]
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APPENDIX B
FL.OW DATA STORAGE

_ The flow data which is 1nput in the FLOW DATA block described in
Section 4.1 is stored by the preprocessor in labled commen arrays. These
arrays will be included in the main processor phase routine and the routines
generated from the four operation blocks (EXECTN, VARBLT, VARBLZ, and QUTCAL).
The arrays will be dimensioned in the main processor routine. The,fo]TOW1ng
is a list of the arrays: .

1. Flow Data : /FLDDAT/FLDN(ND), where ND is the amount of space B
o 7 “prequired for the flow data array. This array includes =
tube connections data and tube data for all
systems,yspecifiedtpressure nodes, valve data, pump
. data and enthalpy curve |
2. ' System Data /SYSDAT/SYSTEM(]E NS), where NS is the number of
' o ‘  systems. Systems data include property data, solution
parameters and specified pressures.

3. Fluid Lump Type Data - /TYPDAT/TYPE(10, NTPR),. where NTP 15 the
number of fiuid types.

4. Flowrates : /WDOT/W(LT), where LT is the 1arge5t 1nput tube

' number. ' '

5. Pressures : /PRESS/P{LP), where LP is the Targest 1nput pressure
node number. .

6. Fiow Conductors : /FLOWG/GF(LT)

7. Valve Positions : /VALVP/VP(LY), where LV is the Targest input

- : valve number.

8. Impoced Flowrates : /NDOTI/WI(LP)

9. Added Flow Resistances : /rLONR/AFR(LT)

0. Pressure Drops : /DELTAP/DP(LT)

11. Dimensions : /FDIMNS/NTYPE, NSYS, NTB, NP, NV, NFD

where NTYPE is given the value RTP (above)
CONSYS s given the value NS
NTB is given the value LT
WP is .given the value LP
NV is given the value LV
NFD is given the va]ue,ND

BT

4




B S NN S O S B

The items to be stored in the above are discussed in more detail -

below.
1.0° FLOW Array : e P :
_ The FLOW array contains-f1ow_data that is not easily addressab1e by L}
the user. Items contained are (1) the network and subnetwork connections ' .
data, (2) the tube data which includes the fTuid Tump/tube Tump pairs and the = LJ
fluid lump type, (3) the specified pressure nodes, (4) the valve data, (5) .
the network vaive data, (6) the pump data, and (7) valve data locations. - 5!
The format for storing each item is discussed below. -
1.1 Network and Subnetwork Connections _ A
The network and subnetwork connections data is stored in the following 0]
order for each network or subnetwork: | | L
ICT,'NAME1', LOCPRT, LOCV1, NTB11, NFRM11, NTO11, LOCDI1 - -
NTB12, NFRM12, NTO12, LOCD12 1
] 1 t ) 1 T %
' ! ' ! gh i
_ C _ NTBI1n, NFRM1n, NTOin, L_OCD'In N o | o
1C2,'NAMEn', LOCPR2, LOCV2, NTB21, NFRM21, NT021, LOCD21 ' o o
3 ] St 1 __{(
o ) . 1 . o »I . 1 ;
| o NTB2n, NFRM2n, NTO2n, LOCD2n : o
] L 1 ] - ) :
ICh, 'NAMEn', LOCPRn, LOCYn, NTBnl, NFRMnl, NTOnl, LOCDni
Lol . ] - Sy o 1 ) 1. . 1
S P ¥
NTBnn, NFRMnn, NTOnn, LOCDnn ' ' .
: : L _ , i
B-2 0
i
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~where  ICi is. the 1nteger count of the number of spaces’ in the connect1ons
| data for the ith network or subnetwork o
NAMEi is the 4 character name of the ith network or subnetwork input
' ‘on the heading card S : .
 LOCPRi s the location in the flow data array of the spec1f1ed
Ppressure nodes for the ith netWDPk or subnetwork
'LOCVi is the Tocation of the ith network or subnetwork valve data
(which is an array of locations of the actual valve data)
.- NTBij is the tube number of the jth tube of the ith network of .
~ subnetwork R |
NFRM1J is the "from“ pressure node for the Jth tube of the 1th net—
" work or subnetwork : IS
'NT01J is the "to" pressure node for the jth tube of the 1th network“

or. subnetwork . .
LOED1J is the location of tube data (or subnetwork connect1ons) for the Jth

tube of the ith netwerk or subnetwork

If 1OCD > 0 it is the location of the tube data (f1u1d/tube
Tump pairs and type no's.} '

If LOCD < 04t is the_location of the subnetwork qqnnections
data for tube j

If LOCD = 0, the user is supp1y1ng the f]ow res1stance for
tube j in the added f1ow res1stance array, AFR -

A sort is required on ‘the connections data for each network or subnetwork.

The connections must be arranged so that for each pressure node, all NTO

references for that node must occur 1n the Tist prior to any NFRM references.

The four data’ values (NTB NFRM, NTO LOCD) must remain intact as a group

during the sort. Tubes whose " fyom" node, NFRM, is not referenced as a "to"
- _.node, NTO, should come first in the connections data.

B S S ieiirisualasadr by ==
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1.2 Tube Data R b
" The tube data port1on of the FLOW array contains the Fluid Tumps N Ql
f1u1d Tump types and tube Tumps for each tube. This data is referenced by -

_the LOCD values in the connections data for each tube descr1bed in Sect1on éﬁ %

4.1, The format for the tube data port10n of the FLOW array is:

!
od

ety I

~ICT, NFLMP11, NTYPE11, NTBLMP11, ---, NFLMPTn, NTYPEIn, NTBLMP]n -
1 1 i ! t l [ 1

“ICn, NFLMPn1, NTYPERT, NTBLMPRI, ---; NFLMPnn, NTYPEnm, NTBLHPNN o
where  ICi is the integer count for the tube data for tube i (must be iJ

. - a multiple of 3) et iR S
NFLMPij is the re1at1ve fluid 1ump number of the Jth f1u1d 1ump _ iJ

~in tube i
NTYPE1J is the type number of the jth f1u1d Tump ~in tube i’
NTBLMPij is the relative tube lump number for the Jth fiuid
~ Tump-in tube 1

-

N

Notice that NFLMP and NTBLMP are relative Tump numbers. Thus, during,stbrage
these numbers must be converted from actual numbers wh1ch are 1nput to
re1at1ve numbers ’

{EET

i

1.3 Specified Pressure Node Data

" The spec1f1ed pressure node data is a 1ist of the pressure nodes ,
whose pressures are not calculated. One such 1ist exists for each network in af E
the problem and may also exist for any subnetwork i it contains any specified “b
pressdres; ,The format for each specified pressure node 1ist is:'

IC, NSP{, NSPp. - - - NSPp( I o
' . _ M
where  IC is the integer count which is also the number of specified S
o pressure nodes. in the network or subnetwork _ - o L
NSP1 is the ith spec1f1ed pressure node _  , ‘. R .‘...Ei
~The valve data described in Section 4.3 1is stored in the FLOW array. SN
- The format for this is- slightly d1fferent for the d1fferent types. of valves._. - j
For the rate limited valve the format is: ' ﬁ“';
i

_,. :1
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IC, NV, NTS1, NTS2, MODE, XMIN, XMAX, E, TSEN1, TSEN2, DB, RF, RL

=

For the polynomial vaive it is
1C, Nv, NTS1, NIS2, MODE, XMIN, XMAX, E, TSEN1, TSEN2, CO, C1, C2, C3, Cé4, €5, VTC

o

For the switching valve it is

1C, NV, NTS1, NTS2, MODE, XMIN, XMAX, E, NSEN, T1, T2

iy

where the symbols are described in Section 4.3 The {nteger count for each
is the number of data values and is 12 for a rate Timited valve, 16 for the

polynomial and 10 for the switching valve.

1.5 Network Valve Locations

The network valve locations is a 1ist of leocations in the FLOW array
for the valve data of the valves in a network or subnetwork. One such list
is needed in the FLOW array for each network or subnetwork that contains valves,
The location of the network valve data 1ist is provided in the fourth location
of the Network Connections Data.

The format of the network valve locations is:

T
1

IC, LOCVl, - - - LOCVIC

]

where IC is the number of valves in the network
LOCVi is the Tocation in the FLOW array of the valve data for
the ith valve in the network

i1

A

1.6 Flow Source Data
The flow source data 1ists are supplied in the FLOW array for each
_J Tlow specification statement input in the BCD FLOW SOURCE data block described

in Section 4.4.. The input statements from the FLOW SOURCE data are transfered
directly to the FLOW array except an integer count is added to each list and
array numbers are converted from actual to relative numbers.

The formats for storage are as follows for the three typés of flow
sources:

i

Flow As A Function of Time
IC, NPI, AW

Pressure Rise As a Tabulated Function of Flowrate
IC, NPT, NPO, ADP

Pressure Rise As A Polynomial Function of Flowrate
i€, NPI, NPO, CO, C1, C2, C3, C4

fm:
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i
where IC is the integer count of the 1ist (2, 3, and 7 respectively) "
A1l other variables are described in Section 4,4, The actual numbers of arrays ;k
referenced by AW and ADP must be converted to relative locations prior to .
storage in the FLOW array. Only one flow source data 1ist per network is fo g%
he stored in the FLOW array and the location is referenced from the SYSTEM
array (to be discussed later). _ | :f

An option on AW is that it may be input as an array or a real con- -
stant. If AW is supplied as a real constant, the flow source Tist is not :I
stored in the FLOW array. Rather, the constant, AW, is stored in the imposed wd
flowrate array, WI, (to be discussed later}. )
t -
1.7 Valve Locations
The vailve Tocations Tist is a list of Tocations of the vaive data
(whose input is described in Section 4.2 and storage is described in the %
Appendix)for all the valves in the problem in order of valve number. There is )
on]y‘bhe valve location 1ist in the FLOW array and the Tocation of this Tist %]
is given as the seventh item in the FDIMNS labled common block (described be- -
low). gj
The format for storage of the valve locations is -
ic, LOCv1, LOCVZ2, - - - -, LOCVIC ga
where IC is the interger count and is the total number of valves in the -t
problem o
LOCVi is the Tocation in the FLOW array Tor the valve data for valve . éﬁ
number i

2.0 SYSTEM Array

The system array contains fluid property data {or Tocaticns of r
property data), the gravitational constant (gc), solution parameters, and iJ
the Tocations in the FLOW array for the flow source 1ist, the network connections
data and the enthalpy curve for each system. The SYSTEM array is a two
dimensional array dimensioned to 15 by NSYS where NSYS 1is the number of systems.
Thus 15 locations are allocated for each system (only 13 are currently used
leaving 2 blank spaces per system). The system array is in the tabled common
block SYSDAT. |

(2.
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The format for storage of the SYSTEM array is

ACP],AR01,AMUT,AKT],GCT,MPASS1,TOL],MXPASS1,FRDF1,K0P1,LOCP1,LDCNET],LOCH1,O,D

ACPE,ARﬂz,AMUZ,AKT

t 1 ] 1

2!

I
t 1 11 1 1 1
1 H t 1 ] 1
J 1 1 ! 1 I

ACPn,AROH,AMUn,AKTn,GCn,MPASSH,TOLH,MXPASSH,FRDFn,KOPn,LGCPn,LGCNETn,LUCH

GCz,MPASSZ,TD

LE,MXPASSZ,FRDFE,K0P2,LOCPZ,LOCNETZ,LUCHE,O,U
t

t ) 1 1 ] t 1
1 1 | J ' ] T 1
' t 1 1 ] 1 [ |
1 1 } i i 1 LI}
n,O,D

where ACPi,AROi,AMUi, and AKTi are the relative array numbers for the

GC
I"’IPF\SS‘i
MXPASSi

FRDFi

TOL

KOPi

LOCPi
L(JCNET.i

LOCH,

arrays or the values of the constant values
for the specific heat, density, viscosity and
thermal conductivity for the ith system

is the gravitational constant for the 1ith
system

is the number of temperature jterations be-
tween pressure solutions for system i

is the maximum number of passes in the
batancing lwop permitted to obtain a pressure/
flow solution for system i

is the flowrate damping factor for system i
is the solution tolerance on the fraction
of change of flowrates from one pass in the
flow solution to the next for system i

is the check-out-print cede for system i

is the location of the flow source data in
the FLOW array for the ith system

is the Tocation of the network connections
data in the FLOW array for the ith system
is the Tocation of the enthalpy curve in
the FLOW array for the ith system

The values for A[:Pi,P.RUT.,,t'J\Ml.l_i,Al‘ﬂ‘i,[3(:1.,MPASS1.,M}'{Pﬂ\ssi,FRDFi,TOL_i and KOPi are
taken from the systems input supplied in the BDC 3NETWORK biock except that
array numbers are converted to relative array locations for ACP, ARO, AMU

and AKT and default values are supplied for GC, MPASS, MXPASS, FRDF, TOL and
KOP if no values are input {Default values are shown in Section 4,71]). The
values for LOCP, LOCNET and LOCH which are storage locations in the FLOW array
are determined as the FLOW array is buiit during the preprocessor phase.
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3.0 Fluid Type Array e
The fluid lump type data is stored in the TYPE array which is in "
the TYPDAT iabied common bhlock. This array contains the fluid Tump type &k
information which fs input in the BCD 3FLUID LUMP DATA input block on the left 1
of the egual sign for all type cards. The TYPE array is a two dimensional 8
array, dimensioned to 10 by NTP, where NTP is the number of types. The Tormat
for the TYPE array is
CSA1,HP1,FLL],AHT],NHL1,MFF],FFC],Fly,FZT, FLL1*HP] -
4.0%CSAq .
CSAZ,HPZ,FLLZ,AHTZ,NHLz,MFFZ,FFCZ,FI2,F22, FLLZ*NPz |
4.0%CSA, P
i 1 ] 1 1 ] 1 1 t I3 L
| 1 ] 1 1 ' ] ] ] 14
1 1 1 1 ] 1 i 1 i 1 s
. A
CSAn,an,FLLn,AHTn,NHLn,MFFn,FFCn,Fln,an, FLLn*l-!Pn
4.0%CSA -
n @1
where (:S;ﬂ._i is the fiuid flow cross sectional area for fluid lump type i B
wpi is the fluid wetted perimeter for fluid Tump type i Ei
FLL;  is the fluid Tump Tength for fluid Tump type i =
AHT. s the area for heat transfer for connection for fluid Tump gz
type i (usually WP*FLL) ' i
NHLi is the number of head losses for fluid Tump type i if input -
as a real constant ;E
is stored as the relative location in the array date for the
user input array of head losses vs Reynolds number if input g

as AXX where XX is the array number

MFF_ is the code to determine the method used for calculating
friction factor for type i. If MFF = 0, the internal methods
are used to calculate friction factor. If MFF =
AXX, XX is an array (the relative location is stored}
of the Friction Factor vs Reynolds number.

ot
wep g
[-—»muna

wrry
e

E_E
FCC, 1s a constant to be multiplied times the friction factor ]
Tor type i
Fii is a code to determine the method for calcutating convection

heat transfer coefficient for type i. If F1 is real, the
internal equation for flow in a tube is used and F1 is the
laminar fully developed coefficient. F2 is the laminar entry
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length ceoefficient.

If F1 =1, F2 is AXX, XX is an array(stored as the relative
array location) of Stanton Number vs Reynolds number array.
If F1 = 2, F2 is AXX, XX is an array (stored as the relative
array location) of an array giving heat transfer coefficient

vs tube flewrate.
F21 is described under F1 ahove

The tenth jtem in the 1ist for each type is FLL*WP/{4.0*CSA) which is the L/D
for the type. This item must be calculated and stored for each type during

the preprocessor phase.
The TYPE array is shown in Table B-I for the sample problem.

2.0 Other Arrays :

Eight arrays must be set up for the Tlow problem in addition to the
three primary flow problem arrays discussed in Sections 1.0, 2.0, 3.0.
Thase arrays are each in a separate labled common biock to provide ready
access to them for user input and output in the user logic block. The
labeled common block and the array name for each is given below:

JWDOT/W(LT) - Array of flowrates per tube

/PRESS/P(LP) - Array of pressures per pressure node
JFLOWG/GF(LT) - Array of flow conductors per tube
JVALVP/VP({LV) - Array of valve positions per valve
JWDOTT/HI(LP) - Array of imposed flowrate per pressure node
/FLOWR/AFR(LT) - Array of added flow resistance per tube
/DELTAP/DP(LT) - Array of pressure drops per tube

JFDIMNS/NTYPE,NSYS,NTB,NP ,NV ,NFD - Dimensions for the
flow problem

The dimensions in the above arrays are as follows:
LT is the largest tube number ,
LP is the largest pressure node number
LV is the Targest valve number
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TABLE B-1 FLUID TYPE ARRAY

CSA wp FLL AHT NHL MFF |FFC |F1 F2 FLL/D*
0.001008 |0.1125 |12.0 1.35 0.0 0 |10 |10 1.0 334.821
0.000938 | 0.36 3.25 117 117.0 0 |1.0 1.0 1.0 311.834
0.001008 }0.1125 | 5.0 5625 0.0 0 (1.0 1.0 1.0 139.509
0.853E-4 |0.0328 | 0.25 .0082 249 0 |1.0 1.0 1.0 .24E-6
0.001008 |0.1125 |20.0 2.25 0.0 0 [1.0 1.0 1.0 558.036
0.001008 |0.1125 | 2.5 281 0.0 0 1.0 1.0 1.0 69.75
0.001008 |0.1125 |50.0 5.62 0.0 0 1190 1.0 1.0 1395.09
6.001008 |0.1125 | 7.0 .7875 0.0 0 (1.0 1.0 1.0 195.31
0.001008 | 0.1125 | 2.0 225 0.0 0 |10 1.0 1.0 55.80
0.853E-4 | 0.328 025 | 0.0 0.0 0 [1.0 1.0 1.0 .24E-6

10
20
30

8 8

80
90
100

*D = 4.0 X CSA/WP
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The variables in the FDIMNS labeled common array indicate the size of
various aspects of the total flow problem. The following values are assigned:

NTYPE
NSYS
NTB
NP
NV
NFD

Numbey
Number
Number
Number
Number
Number

of types

of systems

of tubes

of pressure nodes

of valves

of spaces in the FLOW array

B-11

4
A



APPENDIX C

USERS DESCRIPTION FOR PLOT PROGRAM

This Appendix presents user descriptions for a SINDA plotting routine,
FLOPLT and a tape combining routine, MCOMB. Both routines are available on the
ES3*SINDA Secure File. A brief description of the routines and the user input
description is given below.

FLOPLT DESCRIPTION
The plot routine which is available on *SINDA can be used with a history
file from a previous SINDA run to generate microfilm output. The items available
for plotting are (1) pressure drop for each tube, (2) pressure for each pressure
node, (3) valve positions for each valve, (4) flow rates for each tube, and (5)
temperatures for each temperature Tump. Each of these items may be plotted as a
function of mission time. The user specifies the grid time range to be plotted,
a time 1abel, and the itmes to be plotted. A number of history files may be con-
bined prior to plotting the results. The user has the option of averaging any
portion of the plotted curve and of specifying the range of the ordinate axis.
The system control cards and the data input card for FLOPLT are
described below:
SYSTEM CONTROL CARDS FOR FLOPLT
@ RUN
@ QUAL ES3
@ ASG,A *SINDA
@ USE 7.XXX (First file to combined)
@ USE 8,XXX {Second file to be combined)
Add additional USE cards as required for files to be combined.
@ MAP *SINDA, SINFLOPLOT/MAP,TPF$.RUN
@ XQT RUN
Data cards
@ FIN

oo e e g ot VAt e At e



FLOPLT DATA CARDS

Columns Format Title

Card 1 (Title Card}
1-72 12A6 TITLEA

Card 2 (Parameter Card)

1-10 F10.0 - TA
11-20 F10.0 TZ
21-30 F10.0 TPG
31-356 I5 ITMX
36-40 I5 MPNT
41-45 15 NTP
46-50 I5 KT
51-55 I5 INC

Description

Any 72 alphammeric characters to be used
as heading for each frame of plots

First value of time to be plotted (hours).

Last value of time to be plotted (hours).

Time range for each grid. Number of grids

drawn will be (TZ-TA)/TPG. {If TPG is

left blank, the job will terminate.)

Time scale lable:

"SECONDS"

"MINUTES"

= 3, "HOURS"

Any other value, Mr¥&&it

Print control code

= 1, prints information to be plotted
while loading the plot tape

1) L]
N =
w u

# 1, will not print information tc be plotted

Number of tapes to be combined. Use a
negative number if start and/or stop times
are specified on Card 3 for any tape to
be combined. "

File number to which file to be

plotted is assigned. If Teft blank, file
23 is assumed. The combined file is

assigned to this unit.
= 1, every time point and associated data

value from the tanes tn be combined

will be transferred to the combined tape.
= 2, every second time point and associated

data values will be transferred to the

combined tape.

etc.
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Columns Format Title Description o
-
56-60 15 IUNIT Logical unit number to which first tape

to be combined is assigned. If left
blank, unit 7 1is assumed.
61-70 F10.0 ASTRT Beginning time for averages (hours).
71-80 F10.0 ASTOP Ending time for averages {hours).

Card 3 (Required only if NTP < 0. See Card 2 columns 41-45)

1-5 F5.3 XSTART First time point from first tape to be
‘combined which will be transferred to
the combined tape. ?

6-10 F5.3 XST@P Last time point from first tape to be }
combined which will be transferred to
the combined tape.

Repeat XSTART and XST@P in five column fields for each tape to be combined.

Card 4 (Item Card)

1-5 15 ITEM The item number to be plotted. Use a
negative value if this item is to start a

Repeat Card 4 for each item to be plotted.

Card 5 .
1-80 Blank
Card 6

1-80 . Blank

1f additional history tapes are to be plotted, repeat Card 1 and subsequent
cards for each additional history tape.




COMBINE ROUTINE DESCRIPTION

The combine routine, MCOMB, can be used to combine history files
into one history file prior to its being plotted or being compared to another
file. The combined file which is generated can be saved for future use if required.
The user selects the frequency with which the time points and associated data values
on the criginal files are added to the new file. That is, every time point on the
original file can be added to the new Tile or every second, third, etc., point can
be added depending on the requirements for the combined file.

The compine routine is a very useful feature if several history files
are generated on a long mission run. By combining these files before plotting,
a continuous plot of the mission can be obtained. The convenience of the combine
routine can also be observed when mission runs made with different time increments
are compared. Obviously, the run made with the smaller time increment will take
more camputer time than the run made with the Targer time increment, and will probably
require at least one "restart". In such a situation, there would be two history

files with the smaller time increment to compare to one with the larger time increment.

The two files with the smaller time increment can be combined and then compared to
the file with the Targer time increment on the same run.

The system control cards and the data input cards for MCOMB are described
below:

SYSTEM CONTROL CARDS FOR MCOMB ROUTINE

@ RUN

@ ASG, A ES3%#SINDA

@ USE 7,XXX (First file to be combined)
@ USE 8,XXX (Second file to be combined)

Add additional USE cards as required for files to be combined.
@ MAP ES3%SINDA, MCOMB/MAP,TPF$.RUN
@ XQT RUN
Data cards
@ FIN

c-4




quumns Format Title Description

; Repeat XSTART and XSTOP in five columns fields for each file to be combined.
Card 3 (Required enly if KODE2 > 0. See Card 1 columns 16-20_

iﬁ 1-10 F10.0 ~ADD Time to be added to each time read from
f first file to be combined.
ij Repeat ADD in 10 column fields for each fiie to be combined.
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