APPENDIX C

TYPE 67 (Smple Modd):
Description, TRNSY S Decks and Code

DESCRIPTION:

TYPE 67 models a NCHE water loop based upon provided experimental data. TYPE 67 takes
into account both the heat transfer and pressure effects in order to predict the water flow rate, the
HX outlet water temperatures, and the heet transfer in the heat exchanger. TY PE 67 was written
for manufacturers and researchers, so that given pressure drop and heat transfer data on a particular

NCHE, a SDHW system’ s performance can be predicted.

Requirements:

In order to run TY PE 67, the following inputs must be specified:

1) Type of and percent glycol solution used in collector loop (either propylene glycol or
ethylene glycol solutions may be used.)

2) Dimengons of dl piping in water loop: length, diameter, change in eevation.

3) Good egtimate of minor losses for piping fittings, valves and entrance, exit
conditions.

4) HX pressure drop as afunction of water flow rate data file (curve).

5) HX modified effectiveness as afunction of water flow rate datafile (curve).



1) Dimensionsof all piping in water loop
In describing the physica aspects of the SDHW system, the following diagram should make clear

the various parameter inputs.
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Figure C.1 Diagram of NCHE and associated piping.

TYPE 67 dlows for two different diameter pipes in the piping runs from tank to NCHE and from
NCHE to the tank. If only one diameter pipe is used from the tank to the NCHE, then input O's
into the TRNSY S deck for the respective positions. Thelist of parameter inputs follows.

Care must be taken when specifying Dz values as parameters. | é Dzt 0 then TRNSY Swill

water |oop

ddiver drange answers. That is, the following equation should hold:

Dz, +Dz; + Dz, +Dzg + D2y + D2y = 0 (C1)

where Dz, isthe disance from the tank inlet piping to the tank outlet piping.



2) Minor loss coefficients for water loop fittings
The minor losses can be found ether experimentally, with Hooper’s correlations for fitting pressure

losses (Kakic 1987), or from table values.

3) HX pressuredrop and modified effectivness curves

TYPE 67 necessitates some experimenta work in order to find the pressure drop and modified
effectiveness as a function of water flow rate. The procedure for finding these curvesis outlined in
Fraser (1992). The pressure drop and modified effectiveness curves must then be placed into
seperate data files in the following forms. The pressure drop data should be written with flow rates

in the first column, and the pressure drops in the following column:

Table C.1 Sample NCHE Shear Pressure Drop vs. Water Flow Rate Data File

0 0
0.005 0.00298
0.01 0.0084
0.015 0.01627
0.02 0.0266
0.025 0.03938
0.03 0.0546
0.035 0.07228
0.04 0.0924
0.045 0.11498
0.05 0.14
2000 | 188000540

It is necessary to put in as atop row the case for zero flow rate, as well, it is necessary to put in as
the bottom row, a very large number for the flow rate so that TYPE 67 can interpolate. It may be
necessary to find a function from the experimenta pressure drop results and to extend the function
to a high flow rate vaue for the lagt datafile row, (providing it is smooth and exponentid or lineer in

nature--not bumpy). TY PE 67 cannot extrapolate.
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The form for the effectiveness data file is different as modified effectiveness is a function of two

variables, the glycol and water flow rates, whereas the NCHE pressure drop is a function of only
one variable, the water flow rate. TYPE 67 can read in modified effectiveness results for severa
glycol flow rate tests. The data file, should read like Table C.2. The top row should have a zero
fird, then the glycol flow rates a which each test was done. The first column garts with the zero
previoudy mentioned, and lists water flow rates in ascending order. The last entry in the first column
should be a very large number, as TY PE 67 cannot extrgpolate. The rest of the table vaues should

be modified effectiveness vaues for the corresponding water and glycol flow rates.

Table C.2 Chat Showing Data Placement for Modified Effectiveness Data File

0 1st test mdot g 2nd test mdot g nth test mdot g
mdot_w eff eff eff eff
mdot_w eff eff eff eff
mdot w eff eff eff eff
mdot_w eff eff eff eff
mdot w eff eff eff eff
mdot w eff eff eff eff
mdot_w eff eff eff eff
mdot_w eff eff eff eff

9999999999 eff eff eff eff

The table vaues used in writing and evauating the model are shown below in Table C.3. The

modified effectiveness values shown in Table C.3 come from Fraser’ s experimental work.

Table C.3 Sample Modified Effectiveness Data File

0 0.01 0.02 0.03

0 0 0 0
0.005 0.44 0.265 0.18
0.01 0.82 0.53 0.335
0.015 0.89 0.695 0.49
0.02 0.925 0.78 0.61
0.025 0.94 0.83 0.69
0.03 0.94 0.84 0.73
0.035 0.94 0.84 0.75
9999999999 0.94 0.84 0.75




Unitsfor the datafiles should be:
flow rate - kg/s
pressureloss - kPa

The datafiles are assigned (linked) at the top of the TRNSY S deck.

3) Regarding the Tank Model

As TYPE 67 requires as an input the static pressure gain in the tank, the TY PE 4 tank modd must
be ammended or an dternate tank mode (that outputs the static tank pressure gain) must be used in
place of TYPE 4. The changesthat must be made to the TY PE 4 code are listed below. Changes

or additionsto the code are in boldface.

310 DIDT(K) = (S(KF) - S(KI))/DELT
TF = TF/ HI GH

320 QTANK = FLWL.* ( S(AVG+l) - TL)
Q N=FLWS* ( TI N- S( AVG+NEQ) )
DELAU=( TF- S( | S+1) ) * MSCP
(0
C COWUTE STATI C HEAD LOSS
(0
G=9. 806
if (n.1t.2) then
Rho=(999. 8396 + 18.224944*TF
- 0.00792221*TF**2
-55. 44846e-6*TF**3
+149. 7562e- 9*TF**4
- 393. 2952e- 12* TF**5)
/(1.d0+18. 159725e- 3* TF)

CISICISKES)

el se
r hot =0. dO
DO [1=2,N
Rhot =r hot +( 999. 8396 + 18.224944*s(avg+i)

- 0.00792221*s(avg+i ) **2
-55. 44846e-6*s(avg+i ) **3
+149. 7562e-9*s(avg+i ) **4
- 393. 2952e-12*s(avg+i ) **5)
/(1.d0+18. 159725e- 3*s(avg+i))

CISICISKES)

enddo



rho=rhot/(n-1)
endi f
STHEAD=RHO* G* HI GH*. 001
Cr = m m s m o e e e e e e e e e e e e e eee o

C SET OUTPUTS
330 OUT(1) =S( AVG+NEQ)
OUT( 2) =FLWSS
OUT( 3) =S( AVG+1)
OUT(4) =FLWLL
OUT( 5) =QENV+QVENT
OUT( 6) =QTANK
OUT( 7) =DELAU
OUT( 8) =QBTOT( 1) +QBTOT( 2)
QUT(9) =QBTOT( 1)
OUT( 10) =QBTOT( 2)
OUT(11) =QI N
OUT(12) =TF
OUT( 13) =STHEAD

N=NEQ- 1
I F(N. LT.2) RETURN 1
DO 350 1=2, N

350  OUT(12+l)=S( AVGH )
RETURN 1

1001 FORMAT(//2X, " ***** WARNI NG *****' [2X ' THE SET PO NT TEMERATURE OF
1 THE UNIT ',12," TYPE 4 STORAGE TANK | S H GHER THAN / 2X, "' THE BO LI
ING TEMPERATURE. THE BO LI NG TEMPERATURE W LL BE USED AS THE SET',
1/2X," PO NT. ")

END

4) The Convergence Promoter

TYPE 67 requires a TY PE 44 convergence promoter in order to reach convergence a sometime

seps. The convergence promoter should be set to vary the glycol inlet temperature of the NCHE,
(thefirgt input to NCHE).



TRNSYS Component Configuration

PARAMETER NO. DESCRIPTION

1 NXhx Number of nodes for HX temperature distribution

2 Mg Flow rate in collector loop [kg/g]

3 Hhx Height of HX [m]
Length of Pipe[m]:

4 L(2) of pipe section 2

5 L(3) of pipe section 3

6 L4 of pipe section 4

7 L(5) of pipe section 5
DZ of Pipe[m]:

8 dz(2) of pipe section 2

9 dz(3) of pipe section 3

10 dz(4) of pipe section 4

11 dz(5) of pipe section 5

12 dz(6) of water storage tank
Diameter of Pipe[m]:

13 D(2) of pipe section 2

14 D(3) of pipe section 3

15 D(4) of pipe section 4

16 D(5) of pipe section 5
Asociated Minor LossK Vaues|-]:

17 K(2) of pipe section 2

18 K(3) of pipe section 3

19 K(4) of pipe section 4

20 K(5) of pipe section 5

Lookup Tables of Effectiveness, HX Pressure Drop vs. Water Flow Rate, Glycol Type
21 N pts, eff # points in modified effectiveness vs my, curve for a

given glycol flow rate



22 N pts,dphx # pointsin HX pressure drop vs my, curve

23 % % glycol solution [integer]
24 Ntests # curves of modified effectivenessvs my
(# glycal flow rates tested for)
25 Glycol Glycol Type: 1) propylene glycol solution
2) ethylene glycol solution
INPUT NUMBER DESCRIPTION
1 Tw,i Temperature of inlet water stream to HX [°C]
2 Tgii Temperature of inlet glycol stream to HX [°C]
3 DP<t tank Static pressure head in tank [kPa]
4 g Control Function from controller
OUTPUT NUMBER DESCRIPTION
1 Two Water outlet temperature [°C]
2 Tg,0 Glycol outlet temperature [°C]
3 Qhx Energy trandfer rate in HX [kJ/hr]
4 et HX modified effectiveness
5 Mw Water flow rate [kg/hr]
6 a DPgatic Tota static presure drop around water loop [kPa]
7 & DPgnear Tota shear pressure drop around water loop [kPa)
8 Error Error = & DPggtic -8 DPghear

I nformation Flow Diagram

Inputs - 4
Outputs - 8
Parameters - 25
Derivatives - 0



TYPE 67
NCHE L oop -- Simple M odel
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Figure C.2 TRNSY S component diagram for smple modd.

DECKS:

1) Steady State Deck

ASS|I GN STEADYSTATE. OUT 14
ASSI GN LOOKUP. DPHX 15
ASSI GN LOOKUP. EFF 16

* *x % % * % *x % *x % *x * * * * *x * *x * * * * *x * *x * * * * *x * *x * * %

*

steady state

NATURAL CONVECTI ON HEAT EXCHANGER SETUP

MARCH 1994

si mpl e deck
*x *x * % % *x *x * % *x *x * * % *x *x * % *x *x * * * *x *x * * *x *x * * * *x *x *
[imts 100 100
SI MULATI ON 25. 90. 1
W DTH 72
tol -0.0001 0.0001

b

* 0% kX X X



equations 3

THXW =19

THXG =TI ME

MAS = [ 68, 2]/3600

Equations 25 ------------ System Paraneters-----------------

ndot g=. 02* 3600
*

* vertical rise in piping | oop
*

dz2=0

dz3=0. 064

dz4=0

dz5=0. 965

ht hx=16*2. 54/ 100

htt ank=- (dz2+dz3+dz4+dz5+ht hx)
*

* | ength of pipes in piping | oop
*

L=0.5

L2=L

L3=L

L4=L

L5=L

*

* diameter of pipes in piping |oop
*

D=. 75*2. 54/ 100

Dl A2=D

Dl A3=D

Dl AA=D

DI A5=D

*

* mnor |oss coefficients in piping |oop

*

K=3/2

K2=K

K3=K

K4=K

K5=K

*

* type of glycol solution: 1=propylene glyco
* 2=et hyl ene gl yco
gl ycol =1

*

* percent propylene glycol solution
*

per cent =40
*

* nunber of effectiveness curves
*

10
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Nt est s=3

UNIT 67 TYPE 67 ------ NATURAL CONVECTI ON HEAT EXCHANGER ----------------
PARAMETERS 25

40 ndot g ht hx

L2 L3 L4 L5

dz2 dz3 dz4 dz5 httank

DIA2 DIA3 DI A4 DIA5

K2 K3 K4 K5

9 39 percent Ntests glyco

| NPUTS 4

*T2 T8 head contro
THXW THXGE 68, 13 0,0

25 25 14. 1

*out puts: 1) Two, (2) Tgo, (3) Qhx, (4)ef f, (5) ndotw, (6)dpstatic, (7)-dpshear

EQUATI ONS 1
ghx=[67,3]/3.6

UNIT 68 TYPE 68 ------- TANK - - o s oo oo
PARAMETERS 20

*nmode vol cp rho Ut ht of node

1 0.454 4.18 993 1.44 ht t ank 1

115520

115520

* bp

0.0 20.0 100.0

| NPUTS 5

*T5 ndotw Tmains ndotl oad Tenv

0,0 67,5 0,0 0,0 0,0

19 72 19 0 19.0

DERI VATI VES 1

19

*out put: 1) Tout 2)ndot out 3) Tl oad 4)ndotLoad 5)Qenv ...12) Tave

UNIT 25 TYPE 25 -------- PRINTER -----mcmcmmemcm e e e e e e e e - e
PARAMETERS 5
*DTI ME t _START t_END LOG CAL UNI T#
1. 25. 90. 14 1
I NPUTS 6

THXG MA6 67,1 67,2 67,4 ghx

Tgin MOTW THXWO THXGO HXEFF QHX

C KG@s C C - J/'S

end

R I I R R O O R S R R R I R R S S S

2) Transient Deck



assi gn WDATA. DAT

ASS| GN LOOKUP. DPHX

ASSI GN LOOKUP. EFF

assign out. hourly.sinple
assi gn out.nonth. sinple
assign out.year.sinple

* *x * *x * % * * *x * *x * * * * *x * *x * * * * *x * *x * * * * *x * *x * * *x

*

* X kX

* *x * *x * % * * *x * *x * * * * *x * *x * * * * *x * *x * * * * *x * *x * * *x

l[imts 100 100
W DTH 72
tol -.001 .001

constants 5 -------------
t begi n=90*24

t end=120* 24

*t begi n=0

*tend = 8670

timest=1

firstday=i nt(tbegin/24)
pst op=91*24

SI MULATI ON tbegin tend t

24
15
16
51
32
33

TRANSI ENT

Decenber 1994
si npl e deck

mest

NATURAL CONVECTI ON HOT WATER HEATI NG SYSTEM

equations 4 --------- PARAMETERS COVMON TO BOTH MODES---------------

*

* type of glycol solution: 1=propylene gly

*

gl ycol =1

2=et hyl ene gl yc

* percent propylene glycol solution

*

per cent =40
*

* HX inlet, outlet mnor
*

Ki nl et =0. 4

Kexit=1

Equations 29 ------------
Nt est s=3

city=127

| at =43. 14

sl ope=l at

roeg=0. 2

cpg=3. 82

ndot g=. 03* 3600

| oss coefficients

co
0]

* 0% %k Xk X

12



areac=4.5
*

* vertical rise in piping | oop
*

dz2=0

dz3=0. 064

dz4=0

dz5=0. 965

ht hx=16*2. 54/ 100

htt ank=- (dz2+dz3+dz4+dz5+ht hx)
*

* | ength of pipes in piping | oop
*

L=0.5

L2=L

L3=L

L4=L

L5=L

*

* diameter of pipes in piping |oop
*

D=. 75*2. 54/ 100

Dl A2=D

Dl A3=D

Dl AA=D

DI A5=D

*

* mnor |oss coefficients in piping |oop
*

K=3/2

K2=K

K3=K

K4=K

K5=K

unit 54 type 54 --- WEATHER DATA GENERATER - --------------mmmmomoo
paraneters 6
*si units LU city#

1 24 city 111
*out put s: 1) nont h, (2) dayof nont h, ( 3) hour of day, (4) T_db, (5) T_dewpoi nt
* (6)humidity, (7)total radiation on horizonta
* (8)Direct normal radiation,(9)Di ffuse radiation, (10) W ndspeed
UNIT 16 TYPE 16 ------ RADI ATI ON PROCESSOR - --------------mmmmm -
PARAMETERS 9
*MODE TRACK- MODE SURF- MODE DAY LAT SC SHFT SMOOTH | E
8 1 1 firstday |at 4871 O 1 -1
| NPUTS 9
* 1 IDN TD1 TD2 RHOG SLOPE AZI MJTH

*54,7 54,8 54,19 54,20 0,0 0,0 0,0 54,27 54,28
*0.0 0.0 0.0 1.0 roeg slope 0.0 0.0 0.0
* 1 ldiff TD1 TD2 RHOG SLOPE AZI MUTH | next I di ff_next
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54,7 54,9 54,19 54,20 0,0 0,0 0,0 54,27 54,29
0.0 0 0 1 roeg slope O 0 0

equation 1
fcol =[ 2, 1] *ndot g

UNNT 1 TYPE 1 ------------ SOLAR COLLECTOR  ------------mmmmmm o oo - -
* this nmode allows for a constant effectiveness HX attached

* as this is not appropriate in this deck

* 1) set paraneter 11 = paraneter 4

* 2) set input 2 = input 3

PARAMETERS 14

*nmode #series Area Cp_g effnode ntest[kg/ hr-m2]

1 1 Areac cpg 1 11. 86

*FRTal pha FRUL-1 FRUL-2 NO HX

0.634 14.49 0.026 -1

*Cp_g opticalnode bo-1 bo-2

cpg 1 0.448 -0.234

I NPUTS 10

*Tin ndotg ndotg Tanmb |_T | _horiz | _d roeg inc.ang. slope

67,2 fcol fcol 54,4 16,6 16,4 16,5 0,0 16,9 16, 10

20.0 72 72 15.6 0.0 0.0 0.0 roeg 0.0 40.0

* outputs: 1) Tout 2)ndot_g 3)Qu[kJ/hr]

unit 44 type 44 ------- convergence promoter---------------------------
paraneters 1

3

i nputs 1

1,1

25

unit 2 type 2 ------------- CONTROLLER - - - - - o m e e o
param 4

* HDB LDB cutoff

7 0 0 100 96

i nput 4

*hi T 1o T cutoff T inputcontrolfunction

1,1 68,1 0,0 2,1

1 30 0 1

UNIT 67 TYPE 67 ------ NATURAL CONVECTI ON HEAT EXCHANGER --------------

PARAMETERS 25

40 ndot g ht hx

L2 L3 L4 L5

dz2 dz3 dz4 dz5 httank
DIA2 DIA3 DIA4 DIA5

K2 K3 K4 K5

9 39 percent Ntests glyco
| NPUTS 4

*T2 T8 head contro
68,1 44,1 68,13 2,1
25 25 14. 1



*out puts: 1) Two, (2) Tgo, (3) Qhx, (4)ef f, (5) ndotw, (6)dpstatic, (7)-dpshear

nocheck 4
2,1 2,2 2,4 67,4

UNIT 14 TYPE 14 -----ccmmm-- LOAD- - < < = = & el
PARAVETERS 72

0.0, 0.0 7.0, 0.0
7.0, 85.86 8.0, 85. 86
8.0, 4.64 9.0, 4.64
9.0, 4.18 10.0, 4.18
10.0, 4.08 11.0, 4.08
11.0, 0.0 12.0, 0.0
12.0, 4.18 13.0, 4.18
13.0, 2.23 14.0, 2.23
14.0, 3.25 15.0, 3.25
15.0, 4.64 16.0, 4.64
16.0, 1.39 17.0, 1.39
17.0, 0.0 18.0, 0.0
18.0,142.77 19.0, 142.77
19.0, 0.0 20.0, 0.0
20.0, 1.39 21.0, 1.39
21.0, 0.0 22.0, 0.0
22.0, 1.39 23.0, 1.39
23.0, 0.0 24.0, 0.0
unit 6 type 6 ----------- AUXI LLI ARY HEATER-----------------mmmmm e -

paraneters 5
*max heating rate, Tset, Cp, UAheater, efficiency of heater

1000000 60 4.19 0 1
i nputs 4

*Tin ndoti control Tanmb for | oss calcs

11,1 11,2 0,0 0,0

60 1 1 20

*out put: (1) Tout, (2) ndot out, (3)required heating rate[kj/hr]

unit 10 type 11-- tenpering valve located in upstreamof tank----------

par 2

5 5

i nputs 4

*Tinlet mnlet Theatsource Tset
0,0 14,1 68, 3 0,0
8.0 0.0 15.0 60. 0

*output: (1)(3)Toutlet,(2)mv to tank, (4)mv to heater

equations 3 ---------------- TEMPERI NG VALVE FLOWEQNS------------------
* ndraw is the mass flow rate of draw

*menpr is the nass flowrate of nmains diverted to heater

*mk is the mass flow rate of mains that flows into tank

mdr aw=[ 14, 1]

nt enmpr =[ 10, 4]

nt k=ndr aw nt enpr

15
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unit 11 type 11---- T Piece, located in front of aux heater------------
par 1

1

i nputs 4

*Tinletl minletl Tinlet2 mnlet2

68, 3 nt k 10, 3 10, 4

8.0 1.0 8.0 0.0

*output: (1) Toutlet to aux heater,(2)nmw to aux heater
*inlet 1 is tank, inlet 2 is fromtenpering valve

UNIT 68 TYPE 68---------------mn-o-- TANK- - = - e o e
PARAMETERS 20

*nmode vol cp roe Ut ht of node

1 0.454 4.18 993 1.44 ht t ank 1

115520

115520

* bp

0.0 20.0 100.0

| NPUTS 7

*T5 ndot w Tmai ns ndot| oad Tanb

67,1 67,5 0,0 nt k 0,0 0,0 0,0

25 30 8 0 20 0.0 0.0

DeRI VATI VES 5

19 19 19 19 19

*out put: 1) Tout 2)ndot out 3) Tl oad 4)ndotLoad 5)Qenv 6)rate energy to | oad
* 7)DUt ank. .. 12)tave

equations 4 --------------- EQONS FOR | NTEGRATER---------------omommmm e
nont h=8670/ 12

year =8670

*[Qoload (fromtank) + Qaux = Qrequired]

*[ Q aux = heat needed to suppl enent solar heating (aux heater)]

Q eqg=max([ 68, 6] +[ 6, 3], . 0001)

Qaux=[ 6, 3]

UNIT 30 TYPE 24-----mcmmmmmeee e | NTEGRATOR:- = = = = == m s mm ettt me e e
PARAMETERS 1

nont h

I NPUTS 5

* Qoenv Qoload Q ntoTK

Qaux Qreq 68, 5 68, 6 68, 11

0 0 0 0 0

UNIT 24 TYPE 24----------mommmmon | NTEGRATOR- - - - === - - m e e e e e e e oo o
PARAMETERS 1

year

I NPUTS 5

* Qoenv Qoload Q ntoTK

Qaux Qreq 68, 5 68, 6 68, 11

0 0 0 0 0
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equations 11 ----------------- EONS FOR PRINTERS-----------------------
mas=[ 67, 5] / (3600)

Q n=[ 30, 5]

Qout =[ 30, 4] +[ 30, 3] +[ 68, 7]

enbal =200* (Q n- Qout )/ (max( 0. 001, Q n+Qout))

SF=([30, 2]-[30, 1] )/ max(0. 001, [ 30, 2])

Q nyr=[ 24, 5]

Qout yr =[ 24, 4] +[ 24, 3] +[ 68, 7]

enbal yr=200*(Q nyr- Qutyr)/ (max(0.001, Q nyr+Qoutyr))
SFyr=([24,2]-[24,1])/ max(0.001, [ 24, 2])

UNIT 49 TYPE 25 ------m-mmmmm e e oo - PRINTER- - --------m e e e m e o - -
* PRI NT ENERGY TERMS
PARAMETERS 4
*DTI ME t START t END LOG CAL UNI T#
nont h t begin tend 32
i nputs 6
Qn Qut 30,1 30,2 sf enbal
Qn Qut Qaux Qeq sf enbal %

UNIT 48 TYPE 25 -------mmmmmia oo PRINTER- - - - - - - - - o e e e oo - - -
*PRI NT ENERGY TERMS
PARAMETERS 4
* DTl ME t _START t_END LOG CAL UNI T#
year t begin tend 33
i nputs 6
Q nyr Qoutyr 24,1 24,2 sfyr enbalyr
Q nyr Qoutyr Qaux Qreq sf enbal %

UNIT 51 TYPE 25 ----mmmm e e o o - [=T= [ N = = S
*PRI NT ENERGY TERMS

PARAMETERS 4

* DTl ME t _START t_END LOG CAL UNI T#

timest t begin pst op 51

i nputs 5

67,3 mwvave 67,4 67,1 68,12

Q mv  nodeff two Ttkave

end

R I I I S SRR R S S S R R I S S R S I S R

CODE:

SUBROUTI NE TYPE67(tine, xin,out,t,dtdt,par,info,icntrl,*)
EIE R R S S S O S R S Rk S Ik R Sk I R S O
* This subroutine represents the water piping |loop for a
* natural convection SDHW system The NCHE is located in
* subroutine NCHE, this subroutine is just a regula falsi
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sol ver.

Last revised: Jan 17, 1994

*

*

* This nmodel is ternmed the sinple deck

*

LSRR R S I S I R R I I R I I S R R S I R I I

implicit none

i nteger iter,fix, seed

real *8 mhi, mo,errhi,errlo,dnde, merr,toler
real *8 nill, n22, t wol, two2, t go0, tgol, t go2

real *8 two3,tgo3, nB3

real *8 two4, t go4, ni4

real *8 two5, two6, t go5, t go6, nb5, n66

i nteger*4 info(15)

integer i,j,icount,ni,nd, np,icntrl(2)
character*3 ycheck(4), ocheck(8)

real *4 t,dtdt, par(25),tine

real *8 xin(4),out(8)

real *8 toler2,factor

real *8 eeeol d, eeeal t, deeol d, deesum deeal t, eee
i nteger contro

real *8 tgocp, twocp, ntp

real *4 tinmeold

real *8 fac

i nt eger ct, Nconv

integer isumjsumfiter

* first call, info array stuff

if (info(7).ge.0) goto 1

np=i nf o( 4) I # of paraneters

i nfo(6)=8 I # of outputs

info(9)=1 I call type 67 every tinestep
i count =0

ni =4

nd=0

call typeck(1l,info,ni,np,nd)

data ycheck/' TE1l',' TE1',' PR2',' DML'/

data ocheck/' TE1l',' TE1',' PW',' DML', "' MF1',
@ '"PR2',' PR2' ' PR2' /

call rcheck(info,ycheck, ocheck)

fac=0. dO
call NCHE(fac, fac, TI ME, XI N, QUT, PAR, | NFO)

t gocp=0
t wocp=0



nmcp=0

i sum=0

j sume0

t ol er 2=0. 005d0
Nconv=0

ti meol d=tinme

returnl

1 if ((tinme-tinmeold).gt.0.01) then
fiter=0
nmcp=0
t wocp=0
t gocp=0
i sum=0
j sume0
ct=0
fix=0

ct=ct+1
i count =i count +1
if controller is off, or T_g,i < T_w,
then set outlet tenps to inlet tenps, exit subroutine.
cont rol =xi n(4)
if (control.lt.0.5.0or.xin(1).gt.xin(2)) then

E I

out (2) =xi n(2) I Tgo=Tg
out (1) =xin(1) I Two=Twi
out (3) =0. d0 I Q_hx=0
out (4) =0. d0 leff=0
out (5) =0. dO I rdot w=0
out (6) =0. dO I'dpstto=0
out (7)=0.d0 I dpsht 0=0
out (8) =out (6) - out (7) lerror=0
meout ( 5)

err=out (8)

ti meol d=tinme

iter=1

returnl
endi f

iter=1
t ol er =0. 001d0

* this finds a good starting mhi point, cuts down on iterations
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3 mhi =0. 16d0* 3600. dO

j=1

errhi=1

do while (errhi.gt.0.d0)
mhi =0. 5d0* mhi

cal I NCHE(mhi, errhi, TI ME, XI N, OUT, PAR, | NFO)

j=i+1
if (j.gt.9) then
m 0=0. dO
goto 4
endi f
enddo
m o=mhi las the last mhi was negative

4 mhi =2. dO* mhi
5 cal I NCHE(mhi, errhi, TI ME, XI N, OUT, PAR, | NFO)
call NCHE(m o, errlo, TI ME, XI N, OUT, PAR, | NFO)

10 dmemhi -m o
de=errhi-errlo
I f, as happens once every 600,000 tinesteps or so
(I"ve seen it a fewtines), the process is
forced out of nchel oop again and again, and the dmis all owed
to converge to zero without a solution, then the program wil |
die. To avoid this, the follow ng statement kicks it back out
to TRNSYS to change the inputs, so hopefully this won't
reoccur.
if (abs(dm.It.0.000001d0. and. abs(de).gt.0.005d0) then
goto 2000
endi f
|"ve also seen it iterate within TYPE67 for 12000 iterations
before being sent out. Solution: send it out at 500 iterations,
et TRNSYS return with better inputs. Also rare ocurrence.
if (iter.gt.500) then
goto 2000
endi f

m=dm de*(m o*(de/ dm)-errl o)

call NCHE(m err, TI ME, XI N, OUT, PAR, | NFO)

The followi ng says if n<0, call NCHE with m=O0.
If err>0, the solution for ndotw is negative,
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=> so send the solution out for ndotw=0.
If err<0, then continue on as before.
48 if (mlt.0.d0) then
m=0. 0000d0
call NCHE(m err, TI ME, XI N, OUT, PAR, | NFO)
if (err.gt.0.d0) then
goto 2000
elseif (err.le.0.d0) then
goto 1000
endi f

This is for if NCHE keeps returning the same error val ue

and keeps getting sent the same m val ue.

The following code will sent it out of this type for TRNSYS to
give it new values to work with

eeeal t =eeeol d I eee, eeeol d, eeealt are error val ues
eeeol d=eee leee at current tinestep

eee=err leeeol d at previous

deeol d=abs(eeeol d-err) leeealt at tinmestep before eeeold

deeal t =abs(eeeal t - eeeol d)
deesumrdeeol d+deeal t
if (deesum|t.0.0000001d0) then

goto 2000
endi f
The neat of the regula falsi, if err<>=toler then do this or that.

1000 if (abs(err).lt.toler) then

goto 2000

endi f

if (err.1t.0.d0) then
m o=m
errlo=err

el seif (err.gt.0.d0) then
mhi =m
errhi=err

endi f

iter=iter+1

goto 10

convergence promotion: |If there is excessive cycling between
TRNSYS and this TYPE, if TYPE 44 won't resolve the cycling,
this internal convergence pronmoter will. Most likely this is
not needed, but to insure convergence at every step, | left it
in. It's function is to guess a good starting point for
the successive substitution iterating process, as at tines,
successi ve substution cannot converge. It also helps the
secant net hod.
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2000 if (ct.gt.3) then
Two6=Two5
Two5=Two4
Two4=Two3
Two3=Two2
Two2=Two1l
Twol=out (1)
Tgo6=Tgo5
Tgo5=Tgo4
Tgo4=Tgo3
Tgo3=Tgo2
Tgo2=Tgol
Tgol=out (2)

n66=
nb5=
m4=
nB3=
n2=
mll=

nb5
m4
n33
2
mll
out (5)

The following are different cases of cycling--that is, when the
out puts cycle between two sets of outputs, as do the inputs.

POPARRAR ©POOOe® @ee®

if (abs(Two3-Twol) .lt.toler2.

and.
and.

abs(Tgo3-Tgol) .lt.toler2.
abs(nm33-mLl) .It.toler2.

Ict is #times in 67 at tinestep
Ifiter is ct at |ast convergence pronotion

or.abs(twocp-two2) .lt.0.1dO.

and.
and.
and.

abs(tgocp-tgo2).1t.0.1dO.
abs(ncp-m2) .1t.0.1dO.
(ct-fiter).gt.5.

or.abs(m4-nR22).1t.0.0000001d0.

and.
and.
.abs(two3-twol).It.1.dO.
and.
and.

and

abs(mB83-ml1).1t. 20. dO.
abs(nB83-ml1). gt. 0. 0000001dO0.

abs(tgo3-tgol).It.1.dO.
(ct-fiter).gt.5.

or.abs(nb5-nB3-nll).1t.0.0000001dO.

and.
and.
and.
and.

abs(nb6-n22).1t.20.dO.
abs(nm66-n22). gt . 0. 0000001d0.
abs(two6-two2).1t.1.dO.
abs(tgo6-tgo2).I1t.1.d0

.and. (ct-fiter).gt.5
) then

Twocp=Two3
Tgocp=Tgo3

22
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ncp=nB83
fix=fix+1
Nconv=Nconv+1
if (fix.eq.1l) then
t go0=(t go2+t go3)/2.d0O
fiter=ct
elseif (fix.eq.2) then
t go0=(t go2+t go3)/ 2. d0O+abs(t go2-tgo3)/4.d0
fiter=ct
elseif (fix.eq.3) then
t go0=(t go2+t go3)/ 2. d0- abs(t go2-tgo3)/ 4. d0
fiter=ct
elseif (fix.ge.4.and.fix.Ilt.13) then
if (fix.eq.5) fix=6
t go0=mi n(tgo2, t go3) +(fi x-3)*abs(tgo2-tgo3)/10.d0
fiter=ct
el seif (fix.ge.13) then
if (fix.eq.13) seed=13
seed=2045*seed+1
seed=seed- (seed/ 1048576) * 1048576
fact or =dbl e(seed+1)/1048577. dO
t go0=mi n(tgo2, t go3) +

@ factor*abs(tgo2-tgo3)
fiter=ct
endi f
out (2) =t go0
endi f
endi f

2001 i sunFi sumtiter
j SUMEj sumtj
timeol d=tine
returnl
end
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SUBROUTI NE NCHE(m error,tinme, XI N, OUT, PAR, | NFO
This subroutine nodels the NCHE. It requires two data files:
one for shear pressure drop in the NCHE, and the other for
nodi fi ed effectiveness, both as a function of water flow rate.

LOCATI ONS:

(1) =NCHE aver age

(2)=h20 out of storage tank

(3)=cold h20 into NCHE

(4)=hot water out of NCHE

(5)=hot water into storage tank

(6)=storage tank average

(7)=hot solution out of collector

(8)=hot solution into NCHE

(9)=cool solution out of NCHE

EE S T R R S T I N
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(10) =cool solution into punp
(11) =cool solution out of punp
(12)=cool solution into collector
implicit none
TRNSYS VARI ABLES
i nteger*4 info(15)
i nteger i,j,icount
real *4 par(25),tine
real *8 xin(4),out(8)

TYPE 67 VARI ABLES

i nt eger hxnx I # of nodes for HX tenp. distribution
i nt eger percent I % of propylene glycol solution
i nteger nptsl I # of rows in data file: eff vs ndotw
i nt eger npts2 I # of rows in data file: dphx vs ndotw
i nteger Ntests I # of curves of eff for diff ndotg's
i nteger gl ycol I type of antifreeze: 1)prop. gly

! 2)eth. gly
real *8 tenp(15), roe(15) I property arrays [C],[kg/nt3]
real *8 cp(15), mu(15) I property arrays [J/kg-K],[Pa-s]
real *8 ht hx I height (length) of HX [ni
real *8 di a(15), L(15) I dianmeter, length of pipe sections [m
real *8 dz(15) I change in elevation of pipe sections[ni
real *8 k(15) I minor |oss k val ues assoc. w. pi pe

sections
real *8 cpgave I ave cp for glycol in HX [J/kg-K]
real *8 cw, cg I cw = ndotw * cpw, ¢cg = ... [WK]
real *8 ndotw, ndotg I flow rates of water, glycol [kg/hr]
real *8 ndot ws, ndot gs I flow rates of water, glycol [kg/s]
real *8 nfirst,efirst I 1st non-zero values from data
files, (row 2)

real *8 dphx I shear pressure head in HX [kPa]
real *8 dpt ank I static pressure head in tank [kPa]
real *8 npos, cwpos I abs. values of ndotw, cw
real *8 effnod I nodi fied effectiveness
real *8 ghx I heat transfer in HX [W
real *8 dpstto I tot. static head around H20 | oop [kPa]
real *8 dpshto I tot. shear press.loss around | oop [kPa]
real *8 m I input into NCHE, water ndot [kg/hr]
real *8 error I error:the diff. betw shear and static

I pressure drops, output from NCHE
real *8 errold I error fromthe last iter. within nche
real *8 erralt I errold fromthe last iter. within nche
real *8 derr I derr=abs(error-errold)

+abs(error-erralt)

integer run,zzz,zzzz I counters
character*3 fluid I antifreeze fluid id: 1) prop. gly.

2) eth. gly.



hxnx=par (1)
ndot g=par ( 2)
ndot g=dbl e(i nt (10000. dO* ndot g) / 10000. d0)

ht hx=par ( 3)
L(2) =par (4)
L(3) =par (5)
L(4) =par (6)
L(5) =par (7)

dz(1)=par(3)
dz(2)=par (8)
dz(3) =par (9)
dz(4)=par (10)
dz(5)=par(11)
dz(6)=par(12)

di a( 2) =par (13)
di a( 3) =par ( 14)
di a(4) =par ( 15)
di a(5) =par (16)

k(2)=par(17)
k(3)=par (18)
k(4)=par (19)
k(5) =par (20)
npt sl=par(21)
npt s2=par ( 22)
per cent =par ( 23)
Nt est s=par ( 24)
gl ycol =par ( 25)

* determine type of glycol solution to be used

*  set

if (glycol.eq.1) then
fluid= pro'

else if (glycol.eq.2) then
fluid="eth'

el se
print*,'error in paraneter 25
print* 'must be 1 or 2'
st op

endi f

initial tenmp val ues based on tenp2, tenp7

temp(4)=1.d0/2.d0*(tenp(7)-tenp(2))+tenp(2)

I done to | ose error

Ito par

bei ng real *4

due

25



temp(9)=tenp(7)-1.d0/2.dO*(tenp(7)-tenp(2))
temp(1l)=1.d0/2.d0*(tenp(4)-tenp(2))+tenp(2)

cal | Lookupt abl es(npos, ndot gs, ef f nod, npt s1, npt s2,
@ 1, Ntests,dphx, nfirst,efirst)

return

2zzz2z2=0
i count =i count +1
run=0

2 temp(2)=xin(1)

temp(7)=xin(2)
dpt ank=xi n( 3)

nmdot w=m
K o o o e e e e e e e e e e e e e e e e e = -
* change ndot from[kg/hr] to [kg/s]
K o o o e e e e e e e e e e e e e e e e e = -
ndot gs=ndot g/ 3600. dO
ndot ws=ndot w/ 3600. dO
K o o o e e e e e e e e e e e e e e e e e = -
* Assuming no heat | osses in pipes:
K o o e e e e e e e e e e e e e e e e e e e e e e -
tenp(3) =t enp(2)
tenp(8)=tenmp(7)
*

* get properties of both I oops

5 call propsw(roe, nmu, cp, tenp)
call propsg(fluid, percent,cp,roe,tenp)

*
—
>
o
O

©

«
Q
<
@

*
-
=
<%

@
=
o
Q

K o o o e e e e e e e e e e e e e e e e e e e e e =
60 cw = abs(ndotws) * cp(1)
cg = ndotgs * cpgave
run=run+l
*

* find experinental effectiveness from ndot_w
if (run.eq.1) then
npos=abs( ndot ws)
cal | Lookupt abl es(npos, ndot gs, ef f nod, npt s1, npts2,
@ 45, Nt est s, dphx, nfirst, efirst)
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find Tenmperature of water out of NCHE from eff_nod

if (abs(cw).ge.0.001d0) tenp(4)=

tenmp(3)+

@ ef fnod*cg*(tenp(8)-tenmp(3))/cw

if (abs(cw).l1t.0.001d0) tenp(4)=

tenmp(3)+

@ efirst/nfirst*cg/cp(l)*(tenp(8)-tenp(3))

find heat transfer in NCHE fromt(4

find tenmperature of antifreeze out
temp(9) =tenp(8)-qghx/cg
tenp(5)=tenp(4)

find hx average water tenperature,

cwpos=abs(cw)
cal | xtdist(tenp, ht hx, hxnx, cwpos

if this is the first tinme through
do energy bal ances again

find properties of water |oop again

), mdot _w

ot NCHE from g_hx

ave hx density

, Cg, roe, ndot ws)

then get props ag

ain

find static pressure drop from densities around water | oop

cal |l statdp(dptank,roe,dz, dpstt

find dpshto fromold ndot value, for

change ndot from [kg/s] to [kg/hr]

900 ndot g=ndot gs*3600. dO
ndot w=ndot ws* 3600. dO

0)

berg deck, dont

write output variables to arrays
out (1) =t enp(5) e
out (2) =tenp(9) e
out ( 3) =ghx* 3. 6d0 I kJ/ hr]
out (4) =ef f nod 'e-1

out (5) =ndot w Ik

need to cal

27
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out (6)=-dpstto I'[ kPa]
out (7) =dpsht o I'[ kPa]
out (8) =out (7) - out (6) I'[ kPa]

Counters, old merror,tinme val ues

erralt=errold

errol d=error

error=out (8)

derr=abs(error-errol d)+abs(error-erralt)
if three successive iterations in NCHE
are the sanme, then send it out

if (derr.le.1.d-6) then

return

endi f
if it has not yet converged then,
i ncrenment nunber of iterations in NCHE
for this call from Regula Fals

if (derr.gt.1.0d-6) then

28

zzz=zzz+1
If it hasn't converged in 10 iterations, it is cycling w thin NCHE
After 10 iterations in NCHE, shift Tgi over by 1% try again.
if (zzz.gt.10) then 'if 10 iter in nche
xi n(2)=1.01d0*xi n(2)
zzz=0
zzzz=z72722+1 I keep track of # shifts
endi f
If it still won't converge after 5 shifts, send it out to Regula Fals
solver as it is.
if (zzzz.gt.5) then
return
endi f
goto 2 I'shift or no shift, try again
endi f
return
end
Subroutine findshear(k,L,d,roe, mu, dpshto,
@ mdot ws, dphx)
this subroutine will find the shear pressure drop in the

systemusing the inputted [old] water flowrate
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implicit none
i nteger i,j
real *8 k(15),L(15),d(15),roe(15), mu(15)
real *8 dpshto, ndotws, p
real *8 var1, var2, var 3, var 4, dphx

define function, which is the sumof the pressure drops around the
wat er | oop, or in other words the shear pressur | oss.
var1=(16. d0*pi *rmu(2)*L(2) + K(2)*abs(ndotws))/(D(2)**4*roe(2))
var2=(16. dO0*pi *rmu(3)*L(3) + K(3)*abs(ndotws))/(D(3)**4*roe(3))
var 3=(16. dO0*pi *rmu(4)*L(4) + K(4)*abs(ndotws))/(D(4)**4*roe(4))
var4=(16. d0*pi *rmu(5)*L(5) + K(5)*abs(ndotws))/(D(5)**4*roe(5))
dpsht o= 1. d0/ 1000. dO*
@ ( 8.d0*abs(ndotws)/ (pi*pi)
@ *(var l+var 2+var 3+var4))

if flowis negative, then set dpshto to opposite sign
if (nmdotws.|t.O0.dO0) dpshto=-dpshto
return
end

This subroutine will use densities around the secondary
loop to find static pressure drop

i nteger i

real *8 dptank, roe(15), g

real *8 dz(15), dpstto, dpstat (15)

g=9. 806d0
dpst at ( 6) =dpt ank

dpstto0=0.d0

do i=1,5

dpstat (i)=roe(i)*g*dz(i)*.001
dpstto=dpstto+dpstat (i)

enddo

dpstto=dpstt o- dpst at (6)
return
end
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This subroutine will use the trapezoid rule to find the
tenperature distribution of the heat exchanger
Thi s subroutine assumes:
SYMBOLS:
ht hx=hei ght of hx
hxnx=nunber of points used in integration
ax, bx, cx, dx, ex=vari abl es of no great significance
dtw, dt hot, dto=interi mvariables of little significance

implicit none

i nteger i, hxnx

real *8 tenp(15), varl, dtw, dthot,dto, cw, cgly

real *8 ax, bx, cx, dx, ex, t hx(100), tinteg, ndotw

real *8 thxave, ht hx, avdens, r hohx(100), roe(15)
-------------------------- w40r this takes care of no flow sit

if (abs(temp(3)-tenp(4)).1t.0.0010d0) then

tenmp(4)=tenp(3)+0.0001d0

endi f

var 1=ht hx/ ( 2* hxnx)

dtw=tenp(4)-tenp(3)

dt hot =t enp(8) -t enp(4)

negative dthot kills program

ax=t enp(3)
dx=2*var 1l

if (dthot.eq.dto) then
bx=0. dO

cx=0. d0

ex=dt w/ ht hx
el se

bx=dt o*dt w/ ( dt hot - dt 0)
cx=dt hot/dto

ex=0. d0
endi f

if (cx.l1t.0.d0) cx=0.0001d0

find tenmperature at each point in the NCHE

t hx(0)=ax + bx*(cx**(0*dx/hthx)-1)

do i =1, hxnx
thx(i)=ax + bx*(cx**(i*dx/hthx)-1)
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@ +ex*i *dx

tinteg=0.d0
do i =1, hxnx-1
tinteg=tinteg+2.d0*t hx(i)
enddo
tinteg=varl*(tinteg+t hx(0)+t hx(hxnx))
find the average tenperature of hx, assign it to tenp(1l)
t hxave=ti nt eg/ ht hx
tenmp( 1) =t hxave

r hohx(0) =(999. 8396 + 18.224944*t hx(0)
- 0.00792221*t hx(0) **2
- 55. 44846e- 6*t hx(0) ** 3
+149. 7562e- 9*t hx(0) ** 4
-393. 2952e- 12*t hx(0) **5)
/(1.d0+18. 159725e- 3*t hx(0))

NCICICIONS)

0 i =1, hxnx
rhohx(i)=(999. 8396 + 18.224944*t hx(i)

@ - 0.00792221*thx(i)**2

@ -55. 44846e-6*thx(i)**3

@ +149. 7562e-9*t hx(i)**4

@ -393. 2952e-12*t hx(i ) **5)

@ /(1.d0+18. 159725e-3*t hx(i))
enddo

tinteg=0.d0

do i =1, hxnx-1

tinteg=tinteg+2. d0*rhohx(i)

enddo
tinteg=var1*(tinteg+rhohx(0)+rhohx(hxnx))

find the average tenperature of hx, assign it to tenp(1l)
avdens=ti nt eg/ ht hx
roe(1l) =avdens

return
end
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This subroutine will find properties of a propyl ene glyco
sol ution given the tenperature in celsius and the percent
by vol une of propylene glycol. The properties found are:

1) density [kg/ nt3]
2) specific heat [J/kg-C]

These property functions were witten by Tim McDowel |, 1994
i nteger i,j,percent
character*3 fluid
real *8 cp(15),roe(15),tenp(1l5),tem
if (fluid.eq.'pro') then
do i=7,9

tem =tenp(i)+273. 15d0

cp(i) = ((3.8649883866 - 0.023691954902*percent -
* 0.00011278222908* per cent **2) + (0.001023655712 +
* 5. 6633876714e- 5* per cent ) * Tem) * 1000

roe(i) = (875.54696219 + 2.151387542*percent) +
(1.1191046068 - 0.0007599907262*percent -
4.9236799989e- 5*percent **2) *Tem + (-0.002377960199 -
9.1377252136e-6*percent + 1.0872237562e- 7*percent **2)
* Tent*2

E I

elseif (fluid.eq."eth') then

if (percent.gt.85.d0.or.percent.lt.55.d0) then
print*,'ethylene properties only cal cul ated
print*,' for 55%to 85% by volune."'
st op

endi f

do i=7,9
Temrt enp(i ) +273. 15d0

cp(i)=3.9189-.035267*percent +
@ (.0014555+4. 8423d- 5*percent) *Tem

B=884. 53+2. 1741* per cent

C=1. 1613- 0. 0033403* per cent
D=- 0. 0024393+2. 994d- 8* per cent
roe(i)=B+C* Tem+-D* Tent*2

enddo
endi f
return
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This subrountine will find:

1) the density of water [kg/nt3]

2) the viscosity of water [kg/ ms]

3) the specific heat of water [J/kg-C]
at the different |ocations specified using equations given
in Gebhart [1988].

i nteger i,]

real *8 roe(15), mu(15), cp(15), tenp(15)

roe(i)=(999.8396 + 18.224944*tenp(i)

@ - 0.00792221*tenp(i)**2

@ - 55. 44846e-6*tenp(i ) **3

@ +149. 7562e- 9*tenp(i ) ** 4

@ -393. 2952e- 12*t enp(i ) **5)

@ /(1.d0+18. 159725e-3*t enp(i ) )

mu(i)=2. 414e-5*10**(247. 8/ (tenp(i)+133. 15))

cp(i) = 4193 - 0.79411* tenp(i) + 0.012545*tenp(i)**2

@ -3.9665e-5*tenp(i)**3 + 1.7441e-7*tenp(i)**4
cp(i)=4209.4- 1.824*tenp(i)

@ + 3. 0525d-2*tenp(i)**2

@ - 1.2388d-4*tenp(i)**3

@ + 1.2774d-7*tenp(i)**4

enddo

return

end

Subrouti ne Lookupt abl es(ndotw, ndot g, ef f, nptsi, npts2,

@ init,Ntests,dphx,nfirst,efirst)
This subroutine will:

1)put given data file into arrays

2)given a independent variable, ndotw

3)identify appropriate range for interpolation

4)interpol ate and give appropri ate dependent variable, eff

implicit none

integer i,j,Nests, nptsl, npts2,init

real *8 np(40), m(40), e(40, 40), mhi, m o, ehi, el o, ndot w, ef f

real *8 nfirst,efirst, dphx, p(40), phi,plo

real *8 ndotg, el , zero



real *8 ng(40), nghi, ngl o
real *4 time

open (unit=11,file="1ookup. manyeff', status='unknown')

* open (unit=21,file="1ookup.dphx', status="unknown')
i=1
j =

K o o e e e e e e e e e e e e e e = -

* 1) FOR HX HEAT TRANSFER EFFECTI VENESS

K o o e e e e e e e e e e e e -

* read in arrays fromdata file

*

if (init.eqg.1) then

ndot w, ef f

if (Nests.eq.1) then
read(11,*) zero, ng(1l) Ireads 1st
do i=1, Nptsl

row for

ng val ues

read(11,*) m(i),e(i,1) I'reads remaining rows for

enddo
efirst=e(2,1)
nfirst=m2)

elseif (Ntests.eq.2) then
read(11,*) zero,ng(1l), ng(2)
do i=1, Nptsl
read(11,*) m(i),e(i,1),e(i,?2)
enddo
elseif (Ntests.eq.3) then
read(11,*) zero,ng(1l),nmy(2), ng(3)
do i=1, Nptsl
read(11,*) m(i),e(i,1),e(i,2),e(i,3)
enddo
elseif (Ntests.eq.4) then
read(11,*) zero, ng(1), my(2),my(3), ny(4)
do i=1, Nptsl

read(11,*) nm(i),e(i,1),e(i,2),e(i,3),

enddo
elseif (Ntests.eq.5) then

read(11,*) zero,ng(1), ng(2), my(3), ng(4),

do i=1, Nptsl

e(i,4)

mg( 5)

read(11,*) m(i),e(i,1),e(i,2),e(i,3),e(i,4), e(i,5)

enddo
elseif (Ntests.eq.6) then

read(11,*) zero,ng(1),m(2), ng(3), my(4), ng(5), ny(6)

do i=1, Nptsl

read(11,*) nm(i),e(i,1),e(i,2),e(i,3),

e(i,5),e(i,6)
enddo
elseif (Ntests.gt.6) then

e(i,4),

print*,'only six glycol flowrates allowed in data file'



stop
endi f

nfirst=m2)

goto 100
endi f

* for case of just one test

if (ntests.eq.1) then

if (nmdotw.eq.m(1)) then
ef f=e(1,1)
goto 100

endi f

i =2

5 if (nmdotw.le.m(i)) then

mhi =n(i)
m o=n(i-1)
ehi =e(i, 1)
elo=e(i-1,1)

el seif (nmdotw.gt.m(i)) then
i =i +1
goto 5

endi f

ef f =el o+(ehi -el o) *(mdot wm o)/ (mhi - m 0)

goto 100
endi f

* find range for interpolation

if (nmdotw.eq.m(1)) then

if (mdotg.lt.ng(1)) then

print*,' ndotg out of range--nmdotw=n(1), ndotg<ng(1)'

print*,'this program does not extrapol ate’
print*, ' nmdotw, ndot g', ndotw, ndot g
st op

endi f

if (nmdotg.gt.ng(Ntests)) then
print*, ' nmdotg out of range'
print*,'this program does not extrapol ate’
print*, ' ndotg', ndotg
print*,'last ndotg colum in | ookup table', mg(Ntests)
st op

endi f
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j=2

if (mdotg.le.ng(j)) then
nmghi =ng(j )
nmgl o=ngy(j - 1)

el seif (ndotg.gt.ng(j)) then
j=i+1
goto 8

endi f

el o=e(1,j-1)
ehi =e(1,j)
ef f =el o+(ehi - el 0) *( ndot g- ngl 0) / ( nghi - ngl 0)

elo=e(2,j-1)
ehi=e(2,j)
ef i rst =el o+(ehi - el o) *(ndot g- ngl o) / (mghi - ngl 0)

goto 100
endi f

if (nmdotg.gt.ng(Ntests)) then
print*, ' nmdotg out of range'
print*,'this program does not extrapol ate’
print*, ' ndotg', ndotg
print*,'last ndotg in file' ,nmg(Ntests)

stop
endi f

i =2
if (nmdotw.le.m(i)) then
mhi =n(i)
m o=n(i-1)
el seif (nmdotw.gt.m(i)) then
i =i +1
goto 10
endi f

if (mdotg.lt.ng(1)) then
print*, ' nmdotg out of range'
print*,'this program does not extrapol ate’

st op

endi f

j=2

if (mdotg.le.ng(j)) then
mghi =ng(j )
nmgl o=ngy(j - 1)

el seif (ndotg.gt.ng(j)) then
j=i+1

goto 20



K o o e e e e e e e e e e e e e e = -
ehi=e(i-1,j)
elo=e(i-1,j-1)
el =el o+( ehi - el o) *(ndot g- ngl o) / (mghi - ngl 0)
ehi=e(i,j)
el o=e(i,j-1)
ehi =el o+(ehi - el 0) *( ndot g- ngl 0) / ( nghi - ngl 0)
el o=e
*

elo=e(2,j-1)

ehi=e(2,j)

ef i rst =el o+(ehi - el o) *(ndot g- ngl 0) / (mghi - ngl 0)
2) FOR PRESSURE LOSSES ACROSS HX

(NOT COUNTI NG STATI C HEAD)

E o N

100 if (init.eq.1l) then
do i=1, npts2
read(21,*) np(i),p(i)
enddo
rewi nd 21

return
endi f

* find range for interpolation

if (mdotw. eq.np(1)) then

dphx=p(1)

endi f

i =2

200 if (ndotw.le.np(i)) then

mhi =np(i)
m o=np(i-1)

el seif (nmdotw. gt.nmp(i)) then
i=i+1

goto 200
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phi =p(i)
pl o=p(i-1)

dphx=pl o+( phi - pl o) *(ndot w-m o)/ (mhi - nl 0)

return
end
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