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Performance Analysis of an OTEC Plant and a Desalination
Plant Using an Integrated Hybrid Cycle

Haruo UEHARA and Tsutomu NAKAOKA

This paper describes the performance analysis of an OTEC plant using an integrated hybrid cycle (I-H OTEC
Cycle). The I-H OTEC cycle is a combination of a closed cycle OTEC plant and a spray flash desalination plant.

In I-H OTEC cycle, warm sea water evaporate the ammonia liquified in OTEC evaporator, enter the flash chamber

and evaporate. The evaporaled steam enter the desalination condenser and is condensed by the cold sea water passed
through the OTEC condenser. The optimization of the I-HL OTEC cycle is analysed by the method of steepest descent.

The total heat transfer area of heat exchanger per net power is used as an objective function. Numerical results are

reported for a 10 MW I-H OTEC cycle with plate-type heat exchangers and ammonia as working fluid. The results
are compared with that of a joint hybrid OTEC cycle (J-H OTEC Cycle) system.
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N Pyp. BERY 7B NI EOBEERLALDOTS
3, 6o, J-H OTEC cycle ® Py, Pws. Fes.
PyaFdo M6 5bh 3 &3k, -HOTEC cyce @
ElbHAOR, BEZoHMEELbRKRKE(RE, 1
. Pws. Pos. PyisBEE (Twss —Tosr) o¥me & b
EBPLTWEL®TH 50 K6&D. Py. Pws. FPos.
Priz,. 20 ®¥h, RAT, BIFELTE 50

Py = 0.65(Tws; — Tosi)™ (76)

100 T =
- I-H OTEC cycle 3
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B Py olalo 7
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—~ cs A B8y
= Py ¢ 6o
= 0F Pur olole =
= . F - ACJDU :
e S [

o - - V )
= 05/ € H)
g Pes AEg ]

% (-H) i"
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o = E
4 o .
o 0.5} -
i (J—H) 1
s o-gﬁéﬂm ;
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(Twsi—Tes)(K)
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AYTITVU=bNATY Y B A 7 VR

WEREERET T > b LYME T > b DR 2

6.5 %KLk
L L B N B9 8% KA DR EZ (Twss — Toss) & HkAL
60 - -HOTEC cycte ﬁﬁghﬂnouoﬁ HEDBERRLAGOTH S, & 0Ty BKILE &
. i 'r:: g é E i {(ms/mws) x 100} TH S (—BEELILBZ T 5y v a
2 %0r N 7 BTOBKILR, BABEMBARRROL (B 1 LD
@ w0l N bREVHE D) ERL TV AN, KHTR. MAHE
S | \/\ (- SEEHOCTLWALWOT, EREET 5, )J-H OTEC
g 30 |- RZ‘ ,,,,,\\ - cycle i e, BEZOMAL & & wwkk{bhsEd 4
E‘i’zo-— © %\/ SJ:Hl\: ] 5%, FHOTEC cycle i & . BEEMNREL KL B
el & g 8- SRT. 75y vaRRENOBBENKE B 5K
10| - B AR, ML TV, BABKADBES
O" I (Twsi — Tosr) 7 19°C ~ 27°C o # , I-H OTEC cycle @ 18
15 20 25 30 B oKLz, 0.80 ~1.05%& 12 %, J-H OTEC cycle
(Twsi=Tesi)(K) DB OB, 0.65~ 055%L KB, vHb b,
I-H OTEC cycle @ # k{b th iz . J-H OTEC cycle 0 15 &

BT & il ok i i CHBTHE. 933~ 80%K 5 < B,
6.4 BAR 6.6 f= # H B

8wk, BHRWwKADBEZ (Twsr—Tost) EBKE
mit OB ERLILGDOTH S, RI8hoBH, I-H
OTEC Cycle‘@%%‘tﬁéol"{{ OTEC cycle K & 1% .
BHREBARKADBEZ (Twssy —Tess) oMM & & i
DE B, R, BREKADBEENIRE( LB &,
OTECORRBORBS/PELRD, 759y vaBREE
~NORBEBOT 2D TH B, . BEKAOR
B Tws: =28C ., i /KAOBE Tos; =5C o, [I-H
OTEC cyde @ &7k 813 . J-H OTEC cycle & v # 35%K
E(HB, iR, 779 VaBRENOBERBRTHA
E{RBLDTH B,

750 n T T T T l ) 1 L} Ll l T T ¥ ) N

L I~-H OTEC cycle ]

700 |- O NHz Ti -

- Tws(°C)24.0]28.0|32.0|

- @ my olalO]A
S| A ]
X 600 - -]
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HHAr RRERAERAr. BHEBEEATR Ao, &K
FEHEEAERApe tOHBRERLAODOTH 3,
X 10 s o B4 . J-H OTEC cycle ® Ap, Ag. Ac% R
Fo B 10 & 0. Ap. Ap. Ac. Apcid . RATEFTEM
T& 5,

1 ¥ i T l i L 1] i l ] ] ] L l
- |-HOTEC cycle .
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106 » T T T p
E 1-H OTEC cycle NG T E
— Twsi(°C)24.0 128.0|32.0 |-
| 15 -
i olel
A CIKAR
€ st
vt 105 -
() [ .
<< C :
< r .
[
< - ]
=
< 5 ]
10* .
5 i 1 L 1
10 20 30 50
(Twsi—Tes)(K)
10 fx & i 8

Ar = 871 x 108(Tws; — Tosy) ™% (80

)
Ap = 234 x 10%(Tws; — Tos) ™2 (81)
Ac = 2.83 x 108(Tiwss — Toss) ™ (82)

)

Apc = 2.50 x 108(Twss — Toss) ™12 (83

K10k v, BRAKAODBE Tws; =28C. BlE/KkAOR
BETosi =5C o, FHOTEC cycle 0 KB ZHEH
2. J-HOTEC cycle L &4 5 L #H8%ARE L M B,
IFHOTEC cycle o B SR = EHE 3 . J-H OTEC cycle
L VHBRENELR B,
I-H OTEC cycle o 8 = # B B i3 . J-H OTEC cycle ®
BeELh bBH8ANE BB,

7. # &

BEREZRBEBRRRKMAEBEE2HAGLEL
NAT )y FY 47 vOoEREZENEL. A YT T
v—tn4 7Yy FOTECH 4 27 n (I-H OTEC cycle X
B .-Heyde LW 3) 2 BEL, BIEHERT. BX
ODEBHMA., EKBEBIFHELETOERK~VTH
Nfo, £72. JFHOTEC cycle ¥y 2 7 4 DB & & D L&
ATV ROBRBEREE .

() ERE I Py S OREHREE Az, T2D 5. Ymin
B, RX(M4) crEELTE 3,

(2) Bk AOBERE (Twsr — Tost) B 25K U TFo

& . I-H OTEC cycle Dypiniz « I-H OTEC cycle & v
NELNB B, 25K Eoig s . I-H OTEC cycle Oymia
2. JFHOTEC cycle kW K& 85, BHKADRE

Twsr = 28°C \ Bl KA OBE Tesy = 5C DB, I-
H OTEC cycle ®Ymintd s F-H OTEC cycdle 0 & & v 84
12%h& BB,

(3) EBkti /1 Py, BHMEKE Y T8 Pys. Pos. B
ExyITHH PR, #hEL, R(T6)~(19) ¢, @&
BERTE B,

(4) BEAKADBE Tws; = 28C . A lKAOEBE
Tosr = 5C o #, I-H OTEC cycle 0 B # k it 13 . J-H
OTEC cycle 018 & & b # 14%> 72 ¢ 5 5, [-H OTEC
cycle DS HBAKREB R, BEKADBRE Tws; =28C . &
BWKANOBEBE Tesy =5C o, J-H OTEC cycle & v #
TR E S 723 '

(5) BHwAKADBE Twsy = 28C . AlEKADBE
Tes; = 5°C o8, I-H OTEC cycle o &7k & & . J-H
OTEC cycle & b 1 35% k& (L Bo Tk 7 F v Va
RRENOHEBRBR TV RELSRBELDHTEH 3,

(6) BrmwkAOBESZE (Twss — Tosy) 75 19°C ~ 27°C
o, F-HOTECcycle o3& o #kibihiz, 0.8~ 1.05%
&1 3%,J-H OTEC cycde o & ok Kibl k.
0.60~0.55% & %5 % o 3 i b 5, I-H OTEC cycle @ # k(L
it J-HOTECccycle 0B & & L4 5 & . #4133 ~80%
K&z,

(MRBREHRERAr. EREBCREH A, BHEEER
HH Ao, BERAEGERERER Apcid . K (80) ~ (83)
T, BIEFELUTE 3,

COMEOHEHE LR, KEXFREHLE L ~
2 — D COSMO-TOO M2 @EH L TfT>%o

Kboi. AP RcB NI, KEREZRETAE,
HEHR_E. BH RECRAOCBZERT 2.

X B

(1) LR GREEERBREF, (1982), + — & i

(2) ER, Mk mH LB RTVv—75y v EERANG
kgL BT 3 HE(/ ZVHRBBEEBEOEE
KoWT) , B3 0EHEEARHRY y # Yy LK
B, 1, (1993), 286.

(8) LB R ER EE ATV K47 AER
WhBEBREERBORBEL (BKRKEKILT T >~
PO A YY), AR S, 54-508 (1988), 3527.

(4) HEBRFELE BR-/ 7 roREER G5B
WE &, (1979), 1.

(5) RRTE, BZHBHRHAYFT v, TERE, (1984),
1.

(6) =R, HP EAX BN BAMAMSF REZENT
OHBBKEKEBRABERIGOME BABKES,
32-4 (1978), 183.
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(8)

®)

(10)

(11)

(12)

A VT ITV=tNAT Yy P4 7RIz
BEREERET TV b EYRET T~ + OVEREFN

B EH EB BR, RRATF0#RE?2 BHY,
(1974), 79

TR eEPE S - P REFBCHET WA
(F28 70r—7y FETOBERARER) , B E
58-673 (1983), 1017.

ER,GE, 7 - P AAXBRBEEAVABERE
ERBYR7LA0MA (EBHHEBT 2270
e, HABEY S %R E, 50-456 (1984), 1955.

BEBKFEQR BRAB Y F7y 7, BEABK
%4, (1966), 108

BEABRZESE NEOBRMEESE BXERE S,
(1983), 208.

W.H. Rohsenow,and J.P. Hartnett, Handbook of Heat
Transfer, McGraw-Hill, 2, (1973).
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MHRREEFRE TS b LRAMET T > b DR

el : 7usr I LY X b
c PROGRAM ~4 7 U v FOTECYRF A&
$DEBUG
COMMON/BLK1/ZL, EPL, ET, EG, EPF, PM, DELTAD, ALCLOS/
*BLK4/RAMDAW, DELTA1, DELTA2/
*BLK2/ALC, KC, CWPLEN, CH, C¥PDIA, QN, @S, QC, QT/
*BLK3/ALE, KB, TWIE, HHEE, DELTAT, GZAI, CCZ, QNN, QB, QH, QTT, ALHLOS/
#BLK5/ALFC, KFC, QNF, QFF, QCC, QFC
DIMENSION DX(11, 11), OPT(11),DS(11),DV(11), UD(11)
REAL LP,LF, LH, LC, KB, KC, KFC, NN1, NN2, NN5
REAL NOZURZ, NOZURL, NOZURD, NOZURY, NG, HEAD
REAL NOZURH, NETDZ
REAL MPD, MPH, SPD, SPH
REAL MPCD, SPCD
REAL LVE
c OPEN (6, FILE="CON:")
OPEN(S, FILE="C:OPTHY. DAT", STATUS="0LD", ACCESS=" SEQUENTIAL",
1FORM="FORMATTED" )
OPEN(4, FILE="C:FLASHA. DAT", STATUS="UNKNOWN", ACCESS="SEQUENTIAL’
1FORM="FORMATTED" )
OPEN(3, FILE="C:0PTPRN. DAT", STATUS=" UNKNOWN' , ACCESS="SEQUENTIAL’
1FORM="FORMATTED" )
OPEN(10, FILE="C:HYGRAL. DAT", STATUS="UNKNOWN", ACCESS=" SEQUENTIAL’
1FORM="FORMATTED" )
OPEN(11, FILE="C:HYGRA2. DAT", STATUS=" UNKNOWN" , ACCESS=" SEQUENTIAL’
1FORM="FORMATTED" )
OPEN(12, FILE="C:HYGRAS. DAT", STATUS=" UNKNOWN", ACCESS="SEQUENTIAL’
1FORM="FORMATTED" )
OPEN(13, FILE="C:HYGRA4. DAT", STATUS=" UNKNOWN' , ACCESS="SEQUENTIAL’
1FORM=" FORMATTED" )
C OPEN(2, FILE="PRN:")
Cidkkdkdsksdk OPT DATA dddddiikdddkribbiddbbidiibbibbibbibiibibbbiidsd
C FLUID= 22.0
FLUID= 3.0
C FLUID=113.0
C FLUID=123.0
C FLUID= 11.0
C FLUID=114.0
RAMDA=14.76
RAMDAW=14. 76
RAMDAF=62. §
RAMDCU=332. 0
RAMDAA=196.0
DELTAX=4. 00
DELTAL=1. §0
NOZURD=0. 100E-01
NOZURV=4. 00
NOZURL=0. 100E-00
NOZURH=0. 200
MPD=2. 000
MPH=0. 500
MPCD=3. 00
SPD=0. 300
SPH=0. 200
SPCD=0. 40
2=0.800
PVD=2. 00
PVL=0.00
EPV=0.175
READ (5, 301) THI, TCI, TFI
301 FORMAT(3E13.6)
READ(5, 302) TE, TC, VCI, VHI, VCFI, DELTYC, DELTY2, DELTY1, DELTYE,
1DELTYS, DELTYF
302 FORMAT(5E13. 6, /, 6E15.8)
READ(S, 303) (UD(I), I=1, 11)
303 FORMAT(2F8. 4, 3F9.6,/, 6E11. 4)
DELTPP=700. 0
DELTPF=700.0
IL=0.3
EPL=0.8
ET=0. 85
EG=0. 96

OO
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EPF=0. 175
PM=0. 1000E+05
DELTAD=0. 001
ALCLOS=0.5
DELTAT=0. 001
DELTAF=0.001
DELTA1=0.0005
DELTA2=0.0005
GZAI=1.0
ALHL0S=0. 5
CWPLEN=800.0
CH=100.0
CWPDIA=5.00
LLL=0
ANN=1000.0
CN=1000.0
FAN=1000.0

DO 10 N=1,§
OPT(N)=0. 0

DS (N)=0.

10 DX(N,

OO OO O MDD

Houownouonounou

707 J=0
500 I1=0

DX4=VHI

DX5=VCFI

DX6=DELTYC

DX7=DELTY2

DX8=DELTY1

DX9=DELTYE

DX10=DELTY5

DX11=DELTYF

WRITE (%, 109) DX1, DXZ, DX3, DX4, DX5, DX6, DXT, DX8, DX9, DX10, DX11
109 FORMAT(1HO, 5H DXN=, 11F13.7)

501 I1=0
WRITE (86, 871)
371 FORMAT(1H , 6HCALCT2)

CALL CALCT2 (TC, TE, DELTAX, DELTAL, DELTY2, CN, DELTYC
1VCI, GF, NN2, GC, HLC, DELTPP, FLUID, LP, LF, TCO, TWZ, TCI, ER
ZALPHAC, ALPHAS, TWIC, HLCC, HF, HD, THI, AC)

WRITE (6, 372)
372 FORMAT(1H , 6HCALCT1)
CALL CALCT1 (TC, TE, DELTAX, DELTAL, DELTY1, DELTYE
1VHI, GF, NN1, GH, HHE, FLUID, ANN, THO, TW1, THI, ALPHAB
2ALPHAH, AE)

WRITE (6,373)
373 FORMAT(1H , 6HCALCTS)
20 CALL CALCT5 (TFI, DELTAX, DELTAL, DELTYS, FAN, DELTYF
1VCFI, NN5, GC, GCF, HLFC, DELTPF, TCO, TWS, TCFO,
2ALPHAD, ALPHAF, TWIFC, AFC, AQFC, VFI, ZL, DELTAF)

TF18=TF1]
WRITE (6,374)
374 FORMAT(1H , 6HCALCT4)
CALL CALCT4 (THO, THFO, TFI, AQFC, GH, GHF, NOZURZ, NOZURL, NOZURD
INOZURYV, FVOL, HEAD, QF, Z, NETDZ, BPR, RE, WE, PR, AIR
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2AAIR, MPD, MPH, SPD, SPH, PVD, PVYL, MPCD, SPCD, EPV, LYE, ¥)
TFI4=TFI

DTF1=TFI5-TF14

TFI=(TFI15+TF14)/2.0

IF (ABS(DTFI).GE.1.0E-04) GO TO 20
C IF(ABS (1. 0-TFI15/TF14).LT. 1. 0E-07) GO TO 20
¢ WRITE (6,375)
C 375 FORMAT(1H , 6HCALCT3)

CALL CALCT3 (EPL, GH, HHE, HEAD, GC, HLC, HLFC

1AE, AC, AFC, AT, PM, HE, LH, HC, LC, LF, LVE, PN, OPTIM)

IF(I.NE.0) GO TO 502
WRITE (%, 401) OPTO, OPTIM, PN, AT, LH, LC, LF, LVE
401 FORMAT(1H ,'OPTO =", E15.8, 5X, OPTIM=",E15.8,/,

o

1 1%, PN =',E15.8,5X,' AT =',B15.8,/,
2 1X," LH =',E15.8,5X, ' LC =',BE15.8,5X ' LF =", E15.8,5X%, /
3 1X,” LVE = ,E15.8)
c IF(ABS(1.0-0PTO/OPTIM).LT. 1. 0E-07) GO TO 505
IF(J.GE. 600) GO TO 505
OPTO=0PTIM
GO TO 503

502 OPT(1)=0PTIM
DS(I)=0PT(I)-0PTO
DV(I1)=DS(1)/DX(I, I)

503 I=[+1
TE=DX1+DX (1, 1)
TC=DX2+DX(2, 1)
YCI=DX3+DX(3, I)
VHI=DX4+DX (4, I)
YCFI=DX5+DX (5, 1)
IF(I.LE. 5) GO TO 501
TE=DX1-DV (1) %UD(1)
TC=DX2-DV(2) #UD(2)
YCI1=DX3-DV(3)*UD(3)
VRI=DX4-DV (4) +UD (4)
VCFI=DX5-DV (5) %UD (5)
IF(ABS(DS( 1)).LT.1.0E-07) TE=DX1

IF(ABS(DS( 2)).LT.1.0B-07) TC=DX2
IF(ABS(DS( 3)).LT.1.0E-07) VCI=DX3
IF(ABS(DS( 4)).LT.1.0E~07) VHI=DX4
IF(ABS(DS( 5)).LT.1.0E-07) VCFI=DX5
J=J+1

WRITE (¥, 453) (DS(1), I=1, 5), (DV(1), I=1, 5), (OPT(I), I=1, 5)

453 FORMAT (1H ,3X,'DS =", 3E13.5,/,8X, 2B13.5, //,4X, DV =", 3E13.5,/,

1 8X, 2E13.5, //, 4X, ' 0PT=", 8E13. 5, /, 8X, 2E13. §)
WRITE (%, 876) J

376 FORMAT(1H , 14)
WRITE(4, 377) TE, TC, TFI, VCI, VHI, VCFI, OPTIM, PN

377 FORMAT (1H . 8(E12. 6, 1X))
GO TO 500

505 IPM=IFIX(PM/1000.0)

C

WRITE(3,100) THI, TCI, THO, TCO, THO, TCO, THFQ, TCFO,
ITWIE, TWIC, TWIFC, TW1, TWZ, TW5, TE, TC, TF14, TF15, NETDZ, BPR
100 PORMAT(1H ,/////. 36X, 10HEVAPORATER, 10X, 9HCONDENSER, 10X

116HFLASH EVAPORATER 10X, 15HFLASH CONDENSER, /, 36X, 10f-~--—-——~ '

110X, 9H=—mmmmmms X, 16f~———-mmmmmm o , 10X, 15—~ ,
23X, 15HSEA WATER' INLET 9%, 5HT (C), §X, F1. 3 12X,F7.8,12X,F1. 3,
220X, F7.3,/,

33X, 16HSEA WATER OUTLET, 8X, SHT (C), 5X,F7.8, 12X, F7. 3, 12X, F1.3,
320X,P7.3,/

43X, 4HWALL. /.

54X, 28H(SIDE OF SEA WATER) T (C), 5% F7.3,12X,F7.3,39X,F1.8,/,

64X, 28H(SIDE OF W.FLU) T (C),5X F1.3,12X,F1.3,/,
74X, 28H(SIDE OF FLASH WATER) T (C),70X,F7.8,/,
83X, 12HPHASE CHANGE, 12X, SHT (C), 5X,F7.3, 12X, F7.3, 12X, F7. 8, 20X

9F7. 3/,
13X, 12HNETDZ , 12X, S5HT (C), 43X, F8.5,/
23X, 12HBPR , 12X, 5HT (C), 43X,F1.3,//)

WRITE(3, 110) NOZURV, NOZURD, NOZURL, NOZURH, Z, FVOL, NOZURZ, RE, WE
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1PR, AIR, AAIR
110 FORMAT(1H ,
12X, 1THNOZZLE FLOW SPEED, 7X, SH(M/S), 43X, PT. 3,
28X, 1THNOZZLE DIAMETER ,7X,5H (M), 43X, F1. 3,
33X, 17THNOZZLE LENGTH . TX.5H (M) 43X F7.3
43X, LTHNOZZLE CLEARANCE , 7X, 5H (M), 43X, F7.3,
53X, 24HFLASH CHAMBER LENGTH JBH (M), 43X, F
63X, 24HFLASH CHAMBER VOLUME , 5H(M™3), 42X, F8.
78X, 1THNOZZLE NUMBER  ,7X, 5H (=), 43X, F7.
83X, 17THNOZZILE Re NUMBER | 7X,5H (-}, 42X, F8
93X, 1THNOZZLE We NUMBER , 7X, 5H (-), 42X, F8
%3X, 1THNOZZLE Pr NUMBER , 71X, 5H (=) 8
13X, 22HVOLUME OF RELEASED AIR, /.
29X, 18H(M"3-AIR/M"3-FEED), 47X, F8. 6, /,
39X, 18H(M"3~AIR/MINUTE) , 47X, F8. 2, 3H %4//)
WRITE (3, 200) VHI, VCI, VCFI, VFI, GHF, GH, GC, W, GCF, GF, DELTY1, DELTY?2
1DELTYS, DELTYE, DELTYC, DELTYF,
2HHEE, HLCC, HEAD, HLFC, HF, HD, HE, HC, DELTPP
200 FORMAT(IH/,ZX,ZOHSEA WATER FLOW SPEED, 4X, SH(M/S), 5X, F7. 3, 12X, F7. 3
136X, F1.3,/,
18X, 29HFLASH WATER FLOW SPEED (M/S), 70X, F8.3,/,
28X, 29HFLASH WATER FLOW RATE (KG/H), 68X, E12.5, 3H %4/,
33X, 29HWATER FLOW RATE (KG/H), 6%, E12. 5, 3H %4, 4X, B12. 5,
430 %4, 4X,E12.5, 3H %4, 9X, B12. 5, 3H %4, /,
53X, 15HW. FLU. FLOW RATE, 8X, 6H(KG/H), 6X E12.5,//,
63X, 9HCLEARANCE, /,
75X, 16H(SEA WATER SIDE), 8X, 3H(M), 6X, E11. 4, 8X, E11. 4, 32X, E11.4, /,
85X, 12H(W. FLU. SIDE), 21X, E11. 4, 8X, B11. 4, /,
95X, 18H(FLASH WATER SIDE), 77X, Bl11.4, /,
13X, 29HLOSS OF HEAD (H.EXCHAN) (M), 6X, E11.4, 8X, E11. 4, 8X, E1L. 4,
213X, E11. 4, /,
33X, 29HLOSS OF HEAD (C.W.P.HF) (M), 11X, 1H-, 13X, B11.4,/,
43X, 29HLOSS OF HEAD (C.W.P.HD) (M), 11X, 1H-, 13X, E11.4,/,
53X, 29HLOSS OF HEAD (ALLWATER) (M), 6X,E11.4,8X E11.4,/,
63X, 29HPRESS LOSS W.FLU (KG/M#%2), 11X, 1H-, 13X, E11. 4, //)
WRITE(3, 300) ALPHAH, ALPHAC, ALPHAD, ALPHAB, ALPHAS, ALPHAF,
1B, KC, KFC
300 FORMAT(1H , 2X, 25HHEAT TRANSFER COEFFICIENT, /.
119X, 13H(KCAL/M#%2HC), /
25X, 14HSEA WATER SIDE, 19X, F8.1, 11X, F8.1, 35X, F8.1,/,
35X, 1OHW. PLU. SIDE, 28X, F9. 1, 10X, F9. 1, /,
45X, 16HFLASH WATER SIDE, 80X, F8.1,/,
53X, THU-VALUE, 9X, 13H (KCAL/M*%2HC), 6X, F8. 1, 11X, F8. 1, 35X, F8. 1, //)
WRITE(3, 400) DELTAX, DELTAL, RAMDAW, LH, LC, LF, LVE
400 FORMAT(1H , 3X, 6HDELTAX, 19X, 3H(M), 7X, F5. 2, /,
14X, 6HDELTAL, 19X, 3H(M), 7%, F5. 2, /,
24X, 28HRAMDA (WALL) (KCAL/MHC), 7X, F6. 2, /,
33X, 12HWORK OF PUMP, 13X, 4H(KW), /,
410X, 11H(SEA WATER), 18X, F7.1, 12X, FT.1,/,
510X, TH(W. FLU), 21X, F7. 1, /,
610X, 8H{VACUUM), 58X, F1.1, //)
WRITE(3,590) PN, AE, AC, AFC, ALE, ALC, ALFC, NN1, NN2, NN5, OPTIM, ER
590 FORMAT(1H , 2X, 9HNET POWER, 16X, 4H(KW), 6X, F9.2,/,
13X, 8HALL AREA, 15X, 6H(M%#2), 6X, E11. 4, 3H %4, 5X, E11. 4, 3H %4, 28X
2E11. 4, 3H %4, /,
33X, 10HALL LENGTH, 16X, 3H(M), 4X, F8. 2, 3H 4, 8X, F8. 2, 3H #4, 32X,
4F8.2, 3H %4, /,
53X, 1THPLATE PEAR NUMBER, 9X, 3H(-), 5X, F7. 0, 3H #4, 9X, F7.0, 30 #4,
633X, F1.0, 3H %4,///,
72X, 8H%OPTIMUM, 13X, 9H (M%%2/KW), 5X,E12.5, ////, 2X, 3H$ER, 24X, 3H(-),
85X,E12.5,//)
WRITE(3, 591) QNN, QN, QNF, QB, QS, QFF, QH, QC, QCC, QTT, QT, QFC, QF
591 FORMAT(1H ,//, 10X, 10HQNN, QN, QNF, 4X, 8H(KCAL/H), 4X, E12. 5, 7X
1E12. 5, 30X, B12. 5, /,
210X, 9HQB, QS, QFF, 5X, 8H (KCAL/H), 4X, B12.5, 7X, E12. 5, 30X, B12. 5, /.
310X, 9HQH, QC, QCC, 5X, 8H(KCAL/H), 4X, E12.5, 7X, E12. 5, 30X, B12.5,/,
410X, 10HQTT, QT, QFC, 4X, 8H(KCAL/H), 4X, E12. 5, 7X, E12. 5, 30X, E12.5,/
510X, 2HQF, 63X, E12.5, //)
WRITE (8, 41)
41 FORMAT(1H1)
T=THI-TCI
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GFGH=GHF /GH%100

GH=GH%4/3600/1000

GC=GC%4/3600/1000

GHF=GHF%4/1000

AB=AE%4

AC=AC%4

AFC=AFC%4

AT=AE+AC+AFC

ALPHAH=ALPHAH%1. 163

ALPHAC=ALPHAC#1. 163

ALPHAD=ALPHAD#1. 163

ALPHAB=ALPHAB#1. 163

ALPHAS=ALPHAS#1. 163

ALPHAF=ALPHAF%1.163

KB=KB#1. 163

KC=KC#1. 163

KFC=KFC%1. 163

FVOL=FVOL%4

NOZURZ=NOZURZ*4

WRITE(10, %) T, THI, TCI, OPTIM, PN, LH, LC, LVE, LF, GH, GC, GHF, GFGH
%AE, AC, AFC, AT

WRITE(11, %) T, THI, TCI, ER, HHEE, HEAD, HE, HF, HD, HLCC, HLFC, HC
WRITE(12, %) T, THI, TCI, TE, TC, TF15, VHI, VCI, VCFI,

%ALPHAH, ALPHAC, ALPHAD, ALPHAB, ALPHAS, ALPHAF, KB, XC, KFC
WRITE(13, %) T, THI, TCI, NETDZ, FVOL, NOZURZ

C 510 CONTINUE

CLOSE (5)

CLOSE (4)

CLOSE(2)

CLOSE(10)

CLOSE(11)

CLOSE(12)

CLOSE(13)

1001 STOP
END
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SUBROUTINE CALCT2 (TS, TE, DELTAX, DELTAL, DELTYW, AN, DELTYF
1VCI, GF, NN, AGHW, DELTAP, DELTPP, FLUID, LP, LF, TCO, TWO, TCI, ER,
2ALPHAC, ALPHAS, TWI, DELPEV, HF, HD, THI, AC)
COMMON/BLK1/7L, EPL, ET, EG, EPF, PM, DELTAD, ALCLOS/
#BLK2/ALC, XC, CWPLEN, CH, CWPDIA, QN, @S, QC, @1/
%BLK4/RAMDAW, DELTA1, DELTA2

REAL KC,LP,LF, NN

CALL BUSSEI(FLUID, TE, X4, H1, S4, S1,V4, V1,P1)
CALL BUSSEI(FLUID, TS, H3, H22, S3, S22, V3, V22, P3)
X=(S1-83)/(522-53)
H2=H3+X* (H22-H3)
H4=H3+ (V3% (P1-P3)%1. E+04)/426. 8
GF=PM%860. 0/ET/EG/ (H1-H2)
AQE=GP# (H1-H4)
AQ=GF*(H2-H3)
ER=(AQE-AQ)/AQE
AQE=AQE/4. 0
4Q=A0/4.0
GS=GF/4.0
CALL ABCD(DELTYW, RRD, A1, A2, ABL)
RRR=RRD#3. 1416/180. 0
AREA=DELTAL*DELTAX/COS (RRR)
DELTP1=DELTPP
11=0
111=0

705 DELTP1=(DELTP1+DELTPP)/2.0
LP=V3%((P1-P8+1. 0)#10. 0%#4+DELTP1)
LF=GF*LP/102. 0/EPF/3600. 0
11=11+1
TR=TS-0. T%(TS-TWO)

TCO=TCI
TWO=TS
DTCO=(TS-TCI) %0. 9
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DTWO=(TS-TCI) #0. 08

CAN=AN

AN=(AN+CAN) /2.0

TWO=TWO-DTHO

IF(TWO. GT. TS) TWO=TS-0.5

TR=TS-0. 7% (TS-TWO)

[TI=111+1

CALL §ROPER (FLUID, TR, RAMDAL, ROL, BMIUL, BNIUL, CPL, SIGMA, X1, X2, X3
1X4, X5

CALL PROPER (FLUID, TS, X1, X2, X3, X4, X5, X6, ROS, AMIUS, ANIUS, ALH, PS)
GR=9. 8%ZL  ##3. 0% (ROL-R0S)/(BNIUL%%2. 0%ROL)

GA=9. 8%ZL  #%3.0/BNIUL%¥%2.0

H=CPL* (TS-TW0) /ALH

PRL=3600. 0%CPL*BMIUL/RAMDAL
VS1=GS/(AN*ROS*DELTAL*DELTYF%3600. 0)

RES=VSI#ZL/ANIUS
,SIGMA WA #SI UNIT# DE BOND O DASHITA

G=9.80665

FPITCH=0. 001

HDEPTH=0. 0005

GPH=GR*PRL/H

BOND= (G#ROL#FPITCH#%2. /SIGMA) % (FPITCH/ZL )% (FPITCH/HDEPTH)
Y=1. TT#BOND##% (-0. 1) %GPH#% (1. 0/4. 0)

ALPHAS=Y#RAMDAL/ZL

QS=2. 0%ALPHAS* (TS-THO) *AREA

QwW=qs

TWI1=TWO-QW+DELTAD/(RAMDAW%2. 0%AREA)

TCO=TCO+DTCO

IF(TCO. GE. TS) TCO=TS-0.5

DTC0=0. 0

TCM=(TCI+TC0) /2.0

TCR=(TCM+TW1) /2.0

CALL ;ROPER (44. 0, TCR, RAMDAC, GAMMAC, BMIUC, BNIUC, CPC, X2, X3, X4, X5,
1X6, X7

CALL PROPER (44.0, TWI, X1, X2, BMICC , X3, X4, X5, X6, X7, X8, X9, X10)
PRC=3600. 0%BMIUC*CPC/RAMDAC

DEQ=2. 0%DELTYW

REC=VCI*DEQ/BNIUC

7=0. 058%REC##%0. T#PRC%%x (1. /3.)

7=0. 04T#REC**0. 8#PRC#% (1. /3. ) * (BMIUC/BMICC) #%0. 14
ALPHAC=Z%RAMDAC/DEQ

QC=2. 0%ALPHAC# (TWI-TCM) #AREA

CK=1.0/(1. 0/ALPHAC+1. 0/ALPHAS+DELTAD/RAMDAW)
Q=2. 0¥AREA%CK* (TS-TCM)

DTQS=QS/(TWO-TS)

DTQC=QC/ (TWI-TCM) % (1. 0-DTQS%DELTAD/ (2. 0%AREA*RAMDAW) )
DQCS=QC-QS

DTW0=DQCS/ (DTQC-DTQS)
GW=GAMMAC#VCI#DELTAX#DELTYW%3600. 0
QT=GW%CPC% (TCO-TCI)

DTQT=QT/(TCO-TCI)

DQTS=Q-QT

DTCO=DQTS/DTQT

IF (ABS (DQCS/QS). GE. 1. 0E-04) GO TO 51
IF(ABS(DQTS/Q ).GE.1.0E-04) GO TO 50

ALOGMT=(TCO-TCI) /ALOG ( (TS-TCI)/(TS-TCO))
A=AREA .
QN=(QS+QC+QT) /3.0

KC=QN/ (2. 0%A%ALOGMT)

CAN=AQ/QN

IF (ABS (1. 0-AN/CAN). GT. 1. 0E-05) GO TO 55
NN=AN

AC=AN%2. 0%AREA

AGHW=GW* (AN+1. 0)

GG=9. 80665
PHTH=DELTAL%VCI%%2. /(DEQ%2. 0%GG)

F=0.3

DELPEV=F%PHTH
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CALL CWLOS (AGHW, GAMMAC, CLAREA, CWPVC, HF, HD, CKPLOS, THI, TCI, CWPLEN, C

1H, CWPDIA)
DELPE1=DELPEV+CWPLOS
DELTAP=DELPE1+ALCLOS

ALC=(2. 0%DELTAD+DELTYF+DELTYW) %AN+2. 0%DELTAD+DELTYW
DEQQ=2. 0%DELTYF
RESS=VSI1+DEQQ/ANIUS
CALL ABCD(DELTYF, RRS, B1, B2, ASL)
F0O=1.0/(4. 0%(1.82%¥AL0OG10 (RESS) ~1. 64) %%2.)
F=F0/((0.021+0.01743+SQRT(DELTYF/ASL))*RESS#%0. 875/ (B1¥RESS#%B2)
1-0. 667%RESS%#0. 125+1. 0)
DELTPP=F*VS[%%2. $DELTAX*ROS/DELTYF/9. 80665
IF((ABS(1. 0-DELTP1/DELTPP)). GT. 1. 0E-05) GO TO 705
RETURN
END
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SUBROUTINE CALCT1 (TC, TL, DELTAX, DELTAL, DELTY¥, DELTYF

1VHI, G4, NN, AGHW, HB3, FLUID, ANN, THO, TWO, THI, ALPHAB, ALPHAH, AE)
COMMON/BLK3/ALE, KB, TWI, HB33, DELTAT, GZAI, CC2, QNN, QB, QH, QTT, ALKLOS/
1BLK4/RAMDAW, DELTAL, DELTA2

REAL KB, NN

CALL ABCD(DELTYW, DEG, A1, A2, BL)
RAD=3. 1416%DEG/180. 0
AREA=DELTAL#*DELTAX/COS (RAD)
CALL BUSSEI (FLUID, TL, X1, H1, X2, X3, X4, X5, P1)
CALL BUSSEI (FLUID, TC, H3, H22, S8, S22, V3, X1, P3)
H4=H3+ (V3% (P1-P3)%1. E+04) /426. 8
GW=G4/4.0
AQ=GW# (H1-H4)
AN=ANN
1J=0
1JK=0
THO=THI
TWO=TL
DTHO=(THI-TL) %0. 9
DTWO= (THI-TL)%0. 08
ANN=(AN+ANN) /2. 0
PAl=3. 1416
THO=TWO+DTWO
IF (TWO. GE. THI) TWO=THI-1.0
IF(TWO.LE. TL) TWO=TL+0.3
TR=(TL+TH0) /2.0
[JK=1JK+1
TEMPEX=TWO-TL
CALL §ROPBR (FLUID, TR, RAMDAL, ROL, BMIUL, BNIUL, CPL, SIGMA, X1, X2, X3
1X4, X5
SIGMA=SIGMA/9. 8
CALL PROPER (FLUID, TL, X1, X2, X3, X4, X5, X6, ROS, AMIUS, AN1US, ALH, PS)
PRL=3600. O*CPL*BMIUL/RAMDAL
PA=1.0332
FPP=PS/PA
DEQE=2. 0%DELTYF
AA=(CPL#ROL%%2/(1. 699%900. 0%%2%RAMDAL*SIGMA%ALH*ROS) ) #%0. 5%DEQE
1 #%(3.0/2.0)%(TWO-TL) *FPP
H=CPL#* (TWO-TL) /ALH
RLRS=ROL/ROS
IF (FLUID.EQ. 22.0) GO TO 101
IF (FLUID.EQ. 3.0) GO TO 102
IF (FLUID.EQ.113.0) GO TO 103
IF (FLUID.EQ.123.0) GO TO 104
IF (FLUID.EQ. 11.0) GO TO 105
IF (FLUID.EQ.114.0) GO TO 106

//////////// FLUOROCARBON- 22 ////////////

101 CCl=1.180%H#%(~0. 834) #*RLRS*%(~0. 448)

€C2=0. 919
ALPHAB=(CC1#AA%%CC2#RAMDAL/DEQE) %% (1. 0/(1. 0~CC2))
XX=AA%ALPHAB

IF(XX.LE. 62.0) GO TO 100

101 CC1=6. 646%H%+% (-0. 834) *RLRS%% (-. 0448)
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CC2=0.5
ALPHAB=(CC1%AA%%CC2%RAMDAL/DEQE) %% (1. 0/(1. 0-CC2))
XX=AA*ALPHAB
GO TO 100

C//71771177777777// NH3 ///////////////////

102 CC1=2. 084%H%% (-0, 834) %¥RLRS*% (0. 448)

CC2=0.588
ALPHAB=(CC1%AA%%CC2%RAMDAL/DEQE) %% (1. 0/(1. 0-CC2))
XX=AA*ALPHAB

c GO TO 100
C//////////// gLUOROCARBON—llS /117171177777

C///////é/éé/ OgLUOROCARBON 128 /17777177117

c//////////// gLUOROCARBON- 1 /11777177177
c//////////// FLUOROCARBON-114 ////////////
c GO TO 100

) 100 QB=2. 0%AREA% (TWO-TL) *ALPHAB

TH1=TWO+QB*DELTAT/ (2. 0*AREA%RAMDAK)
11 THO=THO-DTHO

IF (THO.LE.TL) THO=TL+0.001

IF(THO. GE. THI) THO=THI-0.5

IF (TWI. GE. THI) TWI=THI-1.0

DTHO=0. 0

THM=(THI+THO) /2. 0

THR=(TWI+THM) /2. 0

CALL PROPER (44.0, THR, RAMDAC, GAMMAC, BMIUC, BNIUC, CPC, X2, X3, X4, X5,
1X86, X7)

THIH=TWI

CALL PROPER (44.0, TWIH, X1, X2, BMIUCC, X3, X4, X5, X6, X7, X8, X9, X10)
DEQ=2. 0%DELTYW

REH=VHI*DEQ/BNIUC

PRH=3600. 0%BMIUC*CPC/RAMDAC

Z=0. 04 7*REH%40. 8%PRH** (1. /3. )% (BMIUC/BMIUCC) %%0. 14
ALPHAH=Z%RAMDAC/DEQ

QH=ALPHAH%2. 0%AREA% (THM-TWI)

GHW=3600. 0%DELTYW#DELTAX#VHI*GAMMAC
HK=1.0/(1. 0/ALPHAH+1. 0/ALPHAB+DELTAT/RAMDAN)
Q=2. 0%AREA%HK# (THM-TL)

DTQS=3. 0%QB/ (TWO-TL)

DTQS=-2. 5%QB/ (TWO-TL)
DTQS=(1.0+CC2/(1.0-CC2))%QB/ (THO-TL)
DTQS=QB/(TWO-TL)

DTQH=QH/ (TWI-THM) % (1. 0+DTQS#DELTAT/ (2. 0*AREA*RAMDAW) )
DQHS=QB-QH

DTWO=DQHS/ (DTQH-DTQS)

QTT=GHW*CPC% (THI-THO)

DTQT=QTT/(THO-THI)

DATS=QTT-Q '

DTHO=DQTS/DTQT

IF (1JK.GT.100) GO TO 111

IF (ABS(DQHS/QB).GE.1.0E-04) GO TG 10

IF (ABS(DQTS/Q).GE. 1. 0E-04) GO TO 11

OO0

111 ALOGMT=(THI-THO) /ALOG ((THI-TL)/{THO-TL))
QNN=(QB+QH+QTT) /3.0
KB=QNN/ (2. 0*AREA*ALOGMT)

TEMPEX=TWO-TL

AN=AQ/QNN

[J=1J+1

[F (1J.GT.100) GO TO 112

IF (ABS (1. 0—(AN/ANN)).GT. 1. 0E-05) GO TO 15

112 NN=AN
AE=AN#2. 0%AREA
AGHW=GHW* (AN+1. 0)

ALE=(2. 0#DELTAT+DELTYF+DELTYW) #AN+2. 0%DELTAT+DELTYW
GG=9, 80665
PHTH=DELTAL*%VHI#%2. 0/ (DEQ%2Z. 0%GG)
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F=0.5
HB33=F*PHTH
HB3=HB33+ALHLOS

119 RETURN
END
SUBROUTINE CALCTS (TFI, DELTAX, DELTAL, DELTYW, FAN, DELTYF
1VCF1, NN, GC, AGHW, DELTAP, DELTPF, TCO, TWO, TCFO,
2ALPHAD, ALPHAF, TWI, AFC, AQFC, VFI, ZLL, DELTAF)
COMMON/BLK4/RAMDAW, DELTA1, DELTA2/
#BLKS5/ALFC, KFC, QNF, QFF, QCC, QFC
REAL NN, KFC

AGHW=GC%4. 0
CALL ABCD(DELTYW, RRD, A1, A2, ABL)
RRR=RRD#3. 1416/180. 0
AREA=DELTAL#DELTAX/COS (RRR)
AGHW=GC
DELTP5=DELTPF
TCF1=TCO
11=0
111=0
705 DELTP5=(DELTP5+DELTPF)/2. 0
Il=11+1
TCFO=TCFI
THO=TFI
DTCO=(TFI-TCF1)%0. 01
DTWO= (TFI-TCF1)%0. 01
FCAN=FAN
55 FAN=(FAN+FCAN)/2.0
51 TWO=TWO-DTWO
IF(TWO. GT. TFI) TWO=TFI-0.5
TCC=TF1-0. 7% (TFI-TWO)
111=111+1
CALL ?ROPBR (1.0, TCC, RAMDAL, ROL, BMIUL, BNIUL, CPL, SIGMA, X1, X2, X8
1X4, X5
CALL PROPER (1.0, TFI, X1, X2, X3, X4, X5, X6, ROS, X7, ANIUS, ALH, X8)
GR=9. 8%ZLL%#3. 0% (ROL-ROS) / (BNIUL#%%2. 0%ROL)
GA=9. 8%ZLL%%3. 0/BNIUL%%2.0
H=CPL* (TFI-TW0)/ALH
PRL=3600. 0%CPL%BMIUL/RAMDAL
C ROL, SIGMA WA %S1 UNIT# DE BOND O DASHITA
G=9. 80665
FPITCH=0. 001
HDEPTH=0. 0005
GPH=GR*PRL/H
BOND= (G#ROL*FPITCH#%2. /SIGMA) # (FPITCH/ZLL )% (FPITCH/HDEPTH)
Y=1. TTBOND#% (-0. 1) %GPH## (1. 0/4. 0)
ALPHAF=Y#RAMDAL/ZLL
QFF=2. 0%ALPHAF# (TF1-THO) #AREA

QW=QFF
TWI=TWO-QW#DELTAF/ (RAMDAW%2. 0%AREA)
50  TCFO=TCFO+DTCO
IF(TCFO. GE. TFI) TCFO=TFI-0.5
DTC0=0. 0
TCM=(TCFI+TCF0)/2.0
TCR=(TCM+TW1) /2.0
CALL PR?PER (44.0, TCR, RAMDAC, GAMMAC, BMIUC, BN1UC, CPC, X2, X3, X4, X5
1ALHC, X7
CALL PROPER (44.0, TWI, X1, X2, BMICC, X3, X4, X5, X6, X7, X8, X8, X10)
PRC=3600. 0%¥BMIUC%CPC/RAMDAC
DEQ=2. 0%DELTYW
REC=VCFI%DEQ/BNIUC
C 7=0. 058%REC*%0. T#PRC#% (1. /3.)
7=0. 04 T#REC#*%0. 84#PRC** (1. /3. ) % (BMIUC/BMICC) #%0. 14
ALPHAD=Z4RAMDAC/DEQ
QCC=2. 0*ALPHAD* (TWI-TCM) #AREA

OO

FCK=1.0/(1. 0/ALPHAD+1. 0/ALPHAF+DELTAF/RAMDAW)
Q=2. 0%AREA%FCK* (TF[-TCM)
DTQS=QFF/ (TWO-TFI)
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DTQC=QCC/ (TWI-TCM) % (1. 0-DTQS*DELTAF/ (2. 0%¥AREA%RAMDAW) )
DQCS=QCC-QFF

DTHO=DQCS/(DTQC-DTAQS)
GW5=GAMMAC#VCFI#DELTAX*DELTYW%3600. 0
QFC=GW5%CPC* (TCFO-TCFI)

DTQT=QFC/(TCFO-TCFI)

DQTS=Q-QFC

DTCO=DQTS/DTQT

IF (ABS(DQCS/QFF). GE. 1. 0E-04) GO TO 51
IF(ABS(DQTS/Q ).GE. 1. 0E-04) GO TO 50

ﬁLoggg=(TCFO—TCFI)/ALOG((TFI-TCFI)/(TFI-TCFO))
=A

QNF=(QFF+QCC+QFC) /3.0

KFC=QNF/ (2. 0%A%ALOGMT)

AQFC=AGHW*CPC% (TCFO-TCFI)

FCAN=AQFC/QNF

IF (ABS (1. 0-FAN/FCAN).GT. 1. 0B-05) GO TO 55

NN=FAN

AFC=FAN#2. 0%AREA

AGFF=AQFC/ALH

GG=9. 80665
PHTH=DELTAL#VCF[#%Z. /(DEQ¥2. 0%GG)
F=0.3

DELTAP=F*PHTH

ALFC=(2. 0¥DELTAF+DELTYF+DELTYW) %#FAN+2. 0*DELTAF+DELTYW

DEQQ=2. 0%DELTYF

GFF=AGFF/FAN

YF1=GFF/(DELTYF%DELTAL*R0S%3600.0)

REF=VF I%DEQQ/ANIUS

CALL ABCD(DELTYF, RRS, B1, B2, ASL)

FO=1.0/(4.0%(1.82%ALOG10(REF)-1. 64)%%2.)

F=F0/((0.021+0.01743%SQRT (DELTYF/ASL)) #REF*%0. 875/ (B1#REF*%B2)

1-0. 66 TREF%%0. 125+1. 0)

DELTPF=F#VFI#%2. +DELTAX*ROS/DELTYF/9.80665

IF((ABS(1.0-DELTP5/DELTPF)).GT. 1. 0E-05) GO TO 705

RETURN

END
Chkisddikdbddibbddbbbbbibbdrbibbbkbbbdbrbibibbibhebbibiddirbdbdbbbbdbbbsd

SUBROUTINE CALCT4 (THO, THFO, TFI, AQFC, GH, GHF, NOZURZ, NOZURL, NOZURD

1NOZURY, FVOL, HEAD, QF, Z, NETDZ, BPR, RE, WE, PR, AIR
; éAAIR.MPD.MPH,SPD,SPH.PVD,PVL.MPCD,SPCD.EPV,LVE.W)
DEBU

REAL NOZURZ, NOZURL, NOZURD, NOZURY, LH, NN5

REAL NOZURA, N1G, NG

REAL NOZURH, KD

REAL NETDZ2, NETDZ1, NETDZ

REAL MPD, MPH, MPL, MPV, MPRE, MPRAMD, MPXD, MPHED

REAL MPCV, MPCD, MPKC, MPCHED

REAL LVW, LVE

REAL NZDL, NZLD
c W=4. 0%GH

W=GH

THFI=THO

CALL PROPER (44.0, THFI, RAMDAL, ROL, BMIUL, BNIUL, CPL, SIGMAL, X1, X2

1X3, ALH, X5)

CALL BPRO (44.0, THFI, BPR)

CALL HENRY (THFI, HAIR)

THIB=THFI-BPR

CALL PROPER (1.0, THIB, X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, PHBS)

CALL PROPER (1.0, THFI, X1, X2, X3, X4, X5, X6, ROS, X7, X8, X9, PS)

PHBS=PHBS*735. 56

PS=PS%735. 56

PVS=(760.-PS)#1.333224%10. 2

NOZURA=(NOZURD/2. ) $%2. 3. 1415

RE=NOZURV#NOZURD/BNIUL

WE=NOZURV# (NOZURD#ROL/SIGMAL) %% (1. /2.)

PR=8600. 0%CPL%BMIUL/RAMDAL

NZLD=NOZURL/NOZURD

NZDL=NOZURD/NOZURL
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DTF1=0. 00

11=0

TFI=TFI+DTFI

[1=11+1

T=Z/NOZURV

H=CPL#% (THFI-TF1) /ALH

T0=2. 0E-4*NOZURD%* (-0, 35) *NOZURL#%%1. 35
1#NOZURV#% (1) #PR¥%0. 8+WE*H%% (-0. 4)

D1=2. 85B~1%H%x0. 4% (WE/PR) %%0. 45+NZLD*+0. 8/T0
D2=0. 36% (D1%T0) %%0. 8*NZDL%#0. 25/T0

THETAI=1. 4TE-5%NZDL% (PR/H) %%1. 5sWE£%0. 5
TI=T0-1. 0/D1%ALOG(THETAI)

X=2.0%(D2/D1-1.0)

F=(1-EXP (-THETAI#%X)) %% (1. /2.)
NETDZ1=(THFI~TFI)%EXP(-D1%(T-T0))
NETDZ2=(THFI-TFI)#THETAI*EXP (-D2%(T-TI))
NETDZ=F%NETDZ1/(1. -EXP (- (NETDZ1/NETDZ2) %%2.)) #%(1./2.)
QF=W%CPL#% (THFI-TFI-NETDZ-BPR)

THFO=TF [+NETDZ+BPR

DT=THFI-TF1-NETDZ-BPR

DTQF=QF/DT

DQ=QF-AQFC

DTF1=DQ/DTQF

IF (ABS(1.0-AQFC/QF).GE.1.0E-05) GO TO 18
CALL PROPER (1.0, TFI, X1, X2, X3, X4, X5, X6, X7, X8, X9, ALH, X10)
GHF=QF /ALH

NOZURZ=W/ (3600. 0%ROL#NOZURA*NOZURYV)
N1G=W/NOZURZ

AIR=2. T8%ROL#% (273. +THFI-BPR) #(760. -PS) / (HAIR#10. #%7. ¥PHBS)

WR=W/ROL

AATR=ATR#WR/60.

AAATR=AAIR/60.

IF(RE. LE. 2320.0) RAMUDA=64./RE

IF (RE. GE. 2320. 0) RAMUDA=0.3164/(RE%%0. 25)

HED=RAMUDA*NOZURL/NOZURD% (NOZURV#%2, ) /(2. %9. 80665)

FVOL=NOZURZ#SPHMPH*Z
FVOL=NOZURZ#SPH%%2. %I

SQNOZZ=SQRT (NOZURZ)

MPL=SQNOZZ*MPH

MPV=W/(3600. *ROL#% (MPD/2. ) %%2. #3. 1415)

MPRE=MPV#MPD/BNIUL

MPRAMD=0. 05

MPKD=MPRAMD%MPL/ (3. *MPD) -1.

MPHED=MPKD#MPV#%2. /(2. %9. 80665)
SPL=SQNOZZ#*SPH

SPV=W/ (SQNOZZ%3600. *ROL* (SPD/2. ) %%2. %3. 1415)
SPRE=SPV#SPD/BNIUL

SPRAMD=0. 05

SPKD=SPRAMD#SPL/ (3. *SPD) -1.
SPHED=SPKD#SPV##2. /(2. %9. 80665)

MPCV=W/(3600. *ROL% (MPCD/2. ) #%2. ¥3. 1415)
MPKC=MPRAMD*MPL/ (3. $MPCD) +2.
MPCHED=MPKC#MPCV#%2. /(2. %9. 80665)
SPCV=W/(SQNOZZ%3600. ¥ROL% (SPCD/2. ) %%2. #3. 1415)
SPKC=SPRAMD%SPL/ (3. ¥SPCD) +2.
SPCHED=SPKC#SPCV#%2. /(2. %9. 80665)

CALL PROPER (1.0, TFI, X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, PFS)

CALL PROPER (44.0, THFO, X1, ROFL, X3, X4, X5, X6, X7, X8, X8, X10, X11)

PFS=PFS%0. 980665E+05
HEAD=HED+MPHED+SPHED+MPCHED+SPCHED

FHED=(1.013250E+05-PFS)/ (ROFL#%9.80665)

HEAD=HED+MPHED+SPHED+MPCHED+SPCHED+FHED

VPV=AAAIR/ ((PVD/2.)#%2. %3. 1415)

PVT=PVS+PVL+ROS#VPV#%2. /2

LVW=1.4/(1. 4-1.) #AAAIR® (PS#1. 333224%10. %%2.) % ((T60. /PS) ¥
1((1. 4-1.)/1.4)-1.)/1000

LVE=LVW/EPV%4
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c LVE=LVW/EPV
RETURN
END
Chissddddddsrdbbibbbbdddddibbbbbddddprbbbbbddbbrbb kb ddbbbkbdbkdhdbddrnsts
SUBROUTINE CALCT3 (EPL, GH, HHE, HEAD, GC, HLC, HLFC
1AE, AC, AFC, AT, PM, HE, LH, HC, LC, LF, LVE, PN, OPTIM)
REAL LH, LC,LF,LVE
AT=(AE+AC+AFRC) %4
C AT=(AE+AC) #4. 0+AFC
HE=HHE+HEAD
LH=GH%HE/(102. 0%EPL%3600. 0) #4. 0
HC=HLC+HLFC
LC=GC*HC/(102. 0%EPL%3600. 0) %4. 0
PN=PM- (LH+LC+LF+LVE)
OPTIM=AT/PN
RETURN
END
[MEEEIITIIITIEIITEIIIIIII I TTIIISIIIIIIIILILES TSI EIIITT IS
SUBROUTINE CWLOS (AGHW, GAMMAC, CLAREA, CWPVC, HF, HD, CWPLOS, THI, TCI,
1CWPLEN, CH, CWPDIA)
GCC=AGHW%4. 0/GAMMAC
CLAREA=3. 14%CWPDIA%%2. 0/4.0
CWPVC=GCC/ (CLAREA%3600. )
HF=(6. 819%CWPLEN*CWPVC#%1, 852) /(CH#%1. 852%CWPDIA%%1. 167)
CALL PROPER (44.0, THI, X1, CSWROH, X1, X3, X4, X5, X6, X7, X8, X9, X10)
CALL PROPER (44.0, TCI, X1, CSWROL, X1, X3, X4, X5, X6, X7, X8, X9, X10)
CWPL1=800
HD=CWPL1-{( ((CSWROH+CSWROL) /2. 0) *CWPL1/CSWROL)
CWPLOS=HF+HD
RETURN
c DEBUG INIT(GCC, CLAREA, CWPVC, HF, CWPDIA, AGHW, CH, GAMMAC, CWPLEN)
END
Chiddkddddddddddbdbpbddbbbhbbbbbbbbbbbbdkbdbkbkkddd bbb i b ks
SUBROUTINE ABCD(C,D, A, B, E)
D=30.0
E=0.020
IF(C.LE.0.00130) GO TO
IF(C.LE. 0. 00185) GO TO
IF(C.LE.0.00255) GO TO
IF(C.LE.0.00320) GO TO
IF(C.LE. 0.00400) GO TO
IF(C.LE. 0.00570) GO TO
A=0. 356
B=0. 6
D=35.0
E=0.0225
RETURN
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RETURN
A=0.1635
B=0. 63
RETURN
A=0.215
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Chisdddddddbpdddbbbbbbbrbbbbdbbdbddddrdbribbbddddsdddbbbisss
SUBROUTINE BPRO (FLUID, TR, BPR)
IF (FLUID.EQ. 44.0) €=0.04
T=9. /5. $TR+32.
BPR=(0.101438E-01+0. 1021815E+02%C~0. 6386588E-04%T+0. 6118005E-01%
1C*T+8. 809554%C%%2. +0. 2386759E-06%T#%2. +0. 2214495E-04%CHT#%2. +
20. 1714722%C%%2. $T+0. T173776E+02%C%%3. +0. 1170617E-09%T#%3. +
30. 1042795E-06%C4T¥%3. +0. 3620461%C4%3. £T+0, 7825281E-04%Ck%2. %
AT*%2.-0. 5218T51E-06%C#%2. %T%%3.)/1.8
RETURN
END
Chisddkrdddbrddbdddbbbbbbbbbkdkdbhddpddkrbbbk bbbk brddsokss
SU?EOUTINE HENRY (THI, HAIR)
T=TH]I
HAIR=3.22001+0. 08751 77%T—6. 35559E-054T#%2. -8. 64T96E—-0T#T#%3.
RETURN
END
Cddbdddddkkbbdibbbbbbbdhpbbhdbkdddbbhdbbbdbbbd bbbk bk bd ks
SUBROUTINE BUSSEI (FLUID, TR, HL, HG, SL, SG, VL, VG, PS)
IF (FLUID.EQ. 22.0) GO TO 701
IF (FLUID.EQ. 3.0) GO TO 702
IF (FLUID.EQ.113.0) GO TO 703
IF (FLUID.EQ.123.0) GO TO 704
IF (FLUID.EQ. 11.0) GO TO 705
IF (FLUID.EQ. 114.0) GO TO 706
¢ PROPERTY OF FLUOROCARBON-22
701 HL=0.99998E+02+0. 27766E+00%TR+0. 29284E-03%TR%%2+0. 36719E~05%TR%%3
HG=0. 14890E+03+0. 86556E-01%TR-0. 48298E-03%TR%%2+0. 17T721E-05%TR#%3-
10. 75231E-0 7% TR%%4
SL=0.1000002E+01+0. 9947941E-03%TR+0. 9399766E-06%TR%%2
1-0. 4794095E-07%TR%%3+0. 5827505E-09% TR%*4
$G=0. 11790E+01-0. 28953E~03%TR-0. 1936 TE-04%TR*%2+0. 25029E-05%TR#%3~
10. 14506E~06%TR%%4+0. 43220E-08%TR*%5-0. 64248B-10%TR%%6+0. 376 78E-12%
2TR¥%7
VL=0. 780358-03+0. 20594E-05%TR+0. 11358E-07%TR*%2+0. 15093E-10%TR#*3+
10. 16432E-11%TR*#4
VG=0. 47002E-01-0. 14812E-02%TR+0. 27800E-04%TR#%2-0. 38975E-064%TR#%3+
10. 37T467E-08%TR¥%4-0. 17788E-104TR%%5
PS=0. 50T69E+01+0. 16556%TR+0. 19951E-02%TR%%2+0. 11T5E-04%TR##3
RETURN
C PROPERTY OF  NH3
702 HL=0.10000E+03+0. 11012E+01%TR+0. 24089E-02%TR%%2-0. 30866E-03%TR%%3
1 +0.24435E-04%TR%%4-0. 93901E-06%TR%5+0. 17519E-0T#TR*%6
1 -0.12684B-09%TR%%7
HG=0. 40152E+03+0. 27279E+00%TR-0. 38280E-02%TR¥%2+0. 11279E-03%TR%%3
1 -0.32041E-05%TR¥#4+0. 29755E-074TR%+5
SL=0. 10000E+01+0. 40390E-02%TR-0. 9181 7E-05%TR%%2+0. 30572E-06%TR*#3
1 -0.82243E-08%TR¥%4+0. 8221TE~10%TR#%5
$G=0. 21041E+01-0. 30853E-024TR+0. 11028E-04%TR%%2-0. 69905E-06%TR*%3
1 +0.T2046E-07#TR%%4-0. 3257T4E-08%TR%%5+0. 66433E—10%TR%%6
1 -0.50833E-12%TR%%7
VL=0. 15660E-02+0. 3383 1E-054TR+0. 33826E-08*TR*%2+0. 96312E-09#TR#%3
1 -0.40943E-10%TR#%4+0, 91529E-12%TR*#5-0. TT117E-144TR¥%6
VG=0. 28970E+00-0. 10144E-01%TR+0. 17251E-03%TR#%2+0. 40629E-05%TR##3
1 ~0.63069E-06%TR¥*4+0. 33562E-0T%TR%%5-0. 96353E-09%TR%*6
1 +0.14464E-10%TR#%7-0. 88822E-13%TR%%8
PS=0. 43730E+01+0. 16131E+00#TR+0. 35191E-02%TR%%2-0. 19086E-03%TR*%3
1 +0.19224E~04%TR%%4-0. 99006E-06%TR#45+0. 28719E-0T4TR*%6
1 ~0.43790E-09%TR%%7+0. 27291E-11%TR$%8
RETURN
c PROPERTY OF  FLUOROCARBON-113
703 HL=9.99863E+01+1. 77001E-01%TR+1. 84766E-04%TR%%2-3, 91144E-06+TR*%3
1 +4.95907E-08%TR%%4-1. 13699E-10+TR#*5-5. 9844 TE-13%TR¥%6
1 -5.12256E-16%TR¥%7+1. 28979E-1T#TR%%8
HG=1. 877T71E+02+1. 04510E-01%TR~7. 41100E-07%TR#%2+5. 0126 TE-06%TR#%3
1 —6.50194E-08%TR%%4+9. 179458114 TR¥*5+1. 18544E-12%TR#%6
1 -2.07326E-16%TR%%7-1. 62653E~1T#TR%%8
SL=9. 99993E-01+6. 40886E-04%TR-5. 25804E~0T#TR%%2-5. T98TTE-09%TR*%3
1 +8.19491E-11%TR%%4-1. 86726E-13%TR#%5-5. 93656E-16%TR%%6
1 -5.23815E-18%TR#%7+3. 36283E-20%TR#%8
SG=1. 13822E+00-1. 1577T9E-04%TR+1. 58636E-06%TR*%2+3. T3655E-09%TR#%3
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1
1

VL=

1
1

VG=

1

LEES - W

-1.22093E-10%TR*%4+2. 43501E-13%TR¥+5+2. 1066 2E-15%TR%%6
-1.25053E-19%TR+%7-3. 25609E-204TR*#8

6.14179E-04+1. 39159E-064TR+6. 36687E-09%TR*%2-6. 08910E~10%TR*%3

+7.53321E-12%TR¥%4-1. 29840E-14%TR*%5-1. 184T5E-16%TR*%6
-3. 94027E-21#TR##7+1. T853TE-214TR#%8

7.943658~01-4. 04250E-02%TR+1. 13966E-03%TR%%2-1. T1837E-05*TR*%3

+1. 24793E-0T%TR%%4-3. 33059E-10%TR¥%5-3. 42439E-13*TR**6

1 +2.17964E-15%TR%%7
PS=1. 48962E-01+7. 96336E-03%TR+1. 51335E-04%TR*%2+8. 28188E-07#TR*%3
1 +1.77364E-08%TR¥%4-6. 81805E-114TR*#5+5. 32730E-144TR¥%6
1 +2.90629E-16%TR#%7
RETURN
C PROPERTY OF  FLUOROCARBON-123
704 HL=100.002+0. 21531 7#TR+2. 19999E-04%TR#%2-2. 21566E-07+TR¥%3
HG=142. 602+0. 137782%TR+3. 33687E-05%TR##2-1. 03282E-06%TR%%3
SL=1.00002+7. 85565E-04%TR-5. 93652E-0T#TR#%2
SG=1.15596-6. 49762E-05%TR+1. 6394 TE-06%TR¥%2~7. 82733E-09%TR#%3
1 +8.12083E-12%TR#%4
VL=-7.32848+1. 57258E-03%TR+2. 0772E-06%TR*42+1. 9917T4E-08%TR%%3
1 +3.70888E~12%TR*%4+1. 64256E-13%TR¥%5
VL=EXP (VL)
VG=-0.834923-0. 04186 7%TR+1. T9782E-044TR*%2-8. 05203E-0T*TR##3
1 +1.91603B-09%TR%%4
VG=EXP (VG)
PS=-1.07025+0. 0448253%TR~1. 88798E-04%TR*%2+7. 01068E-0T*TR##3
1 ~-1.48507B-09%TR%%4
PS=EXP (PS)
RETURN
¢ PROPERTY OF  FLUOROCARBON-11
705 HL=100.001+0. 204818%TR+7. 6695E-05%TR¥%2-4. 37891E-07#TR%%3
1 +4.5709E-09%TR¥%4
HG=145. 114+0. 121005%TR~1. 10793E-05%TR#%2-6. 49T1TE-0T#TR*%3
SL=0.999999+7. 52068E~04%TR-1. 27858E-064TR*%2+3. 63899E-09%TR¥%3
1-3. 57079E-124TR%%4
SG=1.16519-1. 64508E~04%TR+1. 86873E-06%TR¥%2-8. §5398E-09#TR¥%3
1 +1.50601E-11%TR%%4
Y1=1534.12-2. 2361 74TR-3. T0226E-03%TR##2+1. 48646E-054TR%%3
1 ~1.17708E-0T4TR#%4
VL=1/VL
VG=2. 48001+0. 09884294 TR+1. 52769E-03%TR#%2+1. 11556 E~054TR#*%3
1 +§‘6919SB~08*TR**4—2.62788E-10*TR**5+2.08246E—12*TR**6
VG=1/Y6G
PS=-3. 21386+0. 0426283%TR-1. T4441E-044TR#42+6. 07294E-0T#TR*%3
1-1. 13179E~09%TR##4
PS=EXP (PS) %1. 0E+02/9. 80665
RETURN
c PROPERTY OF  FLUOROCARBON-114
706 HL=99.9994+0.219332%TR+3. 19098E-04%TR%%2-8. 94656E-0T#TR*%3
1 +3.61389E-09%TR¥#4
HG=132. 821+0. 140519%TR-6. 90731E-06%TR*#2-2. 9T15TE-0T#TR%%3
1 -7.10486E-09%TR%#%4
SL=1.0000+8. 05944E-04%TR-5. 43T41E-0T#TR*%2+4. 17346E-10%TR%#3
SG=1.1202+6. 8658 2E~05%TR+1. 26819E-064TR#%2-7. 34999E~09%TR%*3
VL=1529. 33~2. T6669%TR-6. 71593E-03%TR%2+3. 31367E-054TR*%3
1 -4.72714E-07%TR%#4
VL=1/VL
VG=6.82871+0. 254419%TR+3. 42391E-03%TR##2+2. 89484E-054TR#%3
1 +9.58353E-08%TR#%4~1. 431TE-094TR##5+1. 6211E-11#TR¥%6
VG=1/Y6G
PS=-2. 43567+0. 0393855%TR-1. 62593E-044TR#%2+5. 61441E-0T#TR%%3
1 -9.65007E-10%TR¥*4 -
PS=EXP (PS)#%1. 0E+02/9. 80665
RETURN
END
SUBROUTINE PROPER (FLUID, TR, RAMDAL, ROL, BMIUL, BNIUL, CPL, S1GMA, ROS
1AMIUS, ANTUS, ALH, PS)
IF(FLUID.EQ. 44.0) GO TO 10
IF(FLUID. EQ. 22.0) GO TO 20
IF(FLUID.EQ. 3.0) GO TO 30
IF(FLUID.EQ. 113.0) GO TO 40
IF(FLUID.EQ. 123.0) GO TO 50
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IF(FLUID.EQ. 11.0) GO TO 60
IF(FLUID. EQ. 114.0) GO TO 70
IF(FLUID.EQ. 1.0) GO TO 80
10 TR=TR
IF(TR. GE. 90.0) TR=90.0
c PROPERTY OF SEAWATER
SALINI=40.0
IF (SALINI.EQ.40.0) GO TO 401
GO TO 100
C SALINITY 5§ (G/KG)
51 ROL=0.1003980E+04+0. 4696572E-014TR-0.8620546E-024TR%%2
1 +0. 8982789E-04%TR%%3-0. T479379E-06%TR%%4
BMIUL=0. 180300E-02-0. T17149E-04%TR+0. 55958 2E-05%TR##2
1 ~0. 641336E-06%TR#%3+0. 464173E-0T%TR%%4~0. 182721E-08%TR#%5
2 +0. 362904E~10%TR¥%6-0. 284084E-12%TR¥%T
BNIUL=BMIUL/ROL
CPL=0. 99840E+00~0. T1284E~03%TR+0. 42115E-04%TR%%2-0. 17541E-05%TR#%3
1 +0. 42049E-07%TR%%4-0. 39993E-09%TR*%5
GO TO 100
C SALINITY 10 (G/XG)
101 ROL=0.1008021E+04+0. 1743389E-01%TR-0. 4373244E-02%TR##%2
1 ~0.3387101E-03%TR#%3+0. 1760159E-04%TR%%4-0. 2695644E~06%TR%%5
BMIUL=0.181700E~02-0. T12387E-04%TR+0. 548122E-05%TR¥%2
1 -0. 639825E-06%TR¥%3+0. 4T0923E-0T%TR%%4~0. 187341E~08%TR¥%5
2 +0. 374503E-10%TR¥%6-0. 294369E-12%TR%#17
BN1UL=BMIUL/ROL
CPL=0. 989499E+00-0. 333360E-03%TR-0. 483233E-06%TR¥%2
1 +0. 816571E~06%TR*%3-0. 267954E~07%TR#4+0. 259222E-09%TR#%5
SI1GMA=0. 75860E-01-0. 14400E~03%TR+0. 205T1E~15%TR#%2
GO TO 100
C SALINITY 15 (G/KG)
151 ROL=0.1012050E+04+0. 127410E-01%TR-0. 826874 7E-024TR%%2
1 +0. 9999561E-04%TR%%3~0. 9882334E-06%TR#%4
CPL=0. 981194E+00-0. 222857E-03%TR+0. 557143E-05%TR¥%2
GO TO 100
C SALINITY 20 (G/KG)
201 RAMDAL=0.48810E+00+0. 15550E-024TR-0. 62500E-05%TR¥%2
ROL=0. 1016070E+04~0. 3560383E-02%TR-0. 810223 2E-024TR%%2
1 +0.1059282E~03%TR#%3~0. 1149564E-05%TR#%4
BMIUL=0. 184400E-02~0. 208556E~03%TR+0. 66343TE-04%TR*%%2
1 ~0.106683E-04%TR%%3+0. 886650E-06%TR*%4-0. 414219E-07#TR¥%5
2 +0. 1100458-08%TR%%6-0. 155225E-10%TR#47+0. 902329E-13%TR#%8
BNIUL=BMIUL/ROL
CPL=0. 973300E+00~0. 253481E-03%TR+0. 348900E-04#TR¥%2
1 ~0. 224275E~05%TR%%3+0. 660551E-0T4#TR%%4-0. 688889E~09%TR¥%5
SIGMA=0. 76080E-01-0. 14400E-03%TR+0. 20571E-15%TR*%2
GO TO 100
C SALINITY 25 (G/KG)
251 ROL=0.1020080E+04~0. 1882752E-01%TR-0. 7812505E-02%TR#%2
1 +0. 0834211B-04%TR%%3~0. 102353 3E-054TR¥%4
CPL=0. 965899E+00-0. 661847E-04%TR-0. 21556 3E~05%TR¥*2
1 +0.890T40B~06%TR#%3-0. 365988E—-07#TR*%4+0. 441238E-09%TR¥%5
GO TO 100
C SALINITY 30 (G/XG)
301 ROL=0.1024100E+04-0. 3772468E-01%TR-0. 715086 7E-02%TR%%2
1 +0. 788584 4E-04%TR%%3-0. TT9T195E-064TR#%4
BMIUL=0. 1887000E~02-0. 831820 7E-04%TR+0. 828368 9E-054TR#%2
1 -0, 9718346E~06%TR#+3+0. 6821934E-0T#TR4#4-0. 2612760E-08%TR#%5
2 +0. 5077659E-10%TR%%6~0. 390T171E-125TR%7
BN1UL=BMIUL/ROL
CPL=0. 95871 7E+00+0. 255714E-04%TR+0. 178571E-05%TR*#%2
SIGMA=0. 76300E-01-0. 14400E-03%TR+0. 20571E-15%TR¥%2
G0 TO 100
C SALINITY 35 (G/KG)
351 RAMDAL=0.48600E+00+0. 15750E-02%TR-0. 62500E-05%TR%%2
ROL=0. 1028129E+04~0. 5171649E-01%TR-0. T078673E-02%TR#%2
1 +0. 8013083804+ TR%%3-0. 7667412E-06%TR%4
CPL=0. 951999E+00+0. T03458E-04%TR-0. 393065E-05%TR¥%2
1 +0. 528684E-06%TR##3-0. 173913E-0T#TR4%4+0. 191039E-09%TR#%5
SIGMA=0. T6410E-01~0. 14400E~-03%TR+0. 20571B-15%TR%%2
GO TO 100
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C SALINITY 40 (G/KG)
401 RAMDAL=0. 48600E+00+0. 15750E-02%TR-0. 62500E-05%TR#%2
ROL=0. 1032180E+04-0. 6737594E-01%TR-0. 6883186E-02+TR%%2
1 +0.8069219E-04%TR%%3-0. T952872E-06%TR%+44
BMIUL=0. 1883000E~02-0. 6538610E~04%TR+0. 4118355E-05%TR%%2
1 -0.4903490E-06%TR#%3+0. 3778692E-074TR*%4-0. 1542398E-08%TR¥%5
2 +0, 3120905E-104TR%%6-0. 2464408E-12%TR%%7
IF (TR.LE.40.0) GO TO 405
BMIUL=0.1228E-02-0. 1263E-04%TR
405 BNITUL=BMIUL/ROL
CPL=0. 945300E+00+0. 110916E~03%TR+0. 505155E~06%TR¥%2
1 +0. 436303E-0T*TR%%3~-0. 444281E-09%TR¥%4
SIGMA=0.76520E-01-0. 14400E-03%TR+0. 20571E-15%TR¥%2
c ALH OF WATER
ALH=5. 9728E+02-5. 6615E-01%TR
GO TO 100
20 TR=TR
¢ PROPERTY OF R-22
RAMDAL=0. 854E-01-0. 43291E-03%TR+0. 55743E~05%TR%%2~0. 4441TE-06%TR#%*
13+0. 13377E-07#TR**4-0. 19602E~09%TR*%5+0. 108 TE-11¥TR%%¥6
ROL=0. 12815E+04-0. 34154E+01%TR-0. 41365E-02%TR%%2-0. 28 TT8E~034TR¥%3
1+0. 578 1E-05%TR%%4-0. 5848E-0T*TR%%5
BMIUL=0. 2289E-03~0. 2122TE-05%TR+0. 14266E-07#TR#%2-0. 941E-10%TR%%3
BNIUL=BMIUL/ROL
CPL=0.27951+0. 62042E-03%TR+0. 85709E-05%TR¥%2
SIGMA=0. 115E-01-0. 1496 7E-03%TR-0. 16913E~05%TR*%240. 7996 1E~0T#TR##3
1-0. 1288 7E-08%TR*%4+0. 758 57E~114TR%%5
ROS=0. 21277TE+02+0. 66795%TR+0. 89464E-02%TR%%2+0. 27112E-04%TR¥#3+0. 9
12232E-06#TR%#4 )
AMIUS=0.121001E-04+0. 685682E-07%TR-0. 28768 9E-08%TR¥%2
1 +0. 119886E-09#TR*%3-0. 19886 4E-11#TR%%4+0. 125000E-13%TR*%%5
ANTUS=AMIUS/ROS
ALH=0. 489E+02-0. 18855%TR-0. 12081E~02%TR*%2+0. 235T2E-04%TR*%3-0. 692
143E-06#TR*%4+0. 52695E-08%TR%%5
PS=0. 50769E+01+0. 16556%TR+0. 19951E-02%TR%%2+0. 1175E-04%TR*%3
GO TO 100
30 TR=TR
C PROPERTY OF NH3
C IF(TR. GE. 90.0) TR=90.0
RAMDAL=0. 46423-5. 4452E-04%TR-2. 0614E-05%TR**2+0. 36818E-06%TR*%3-0
135606E-08%TR4%4
ROL=638. 68-1. 3802%TR-3. 4504E-03%TR*%2+1. 23T2E-04%TR**3-0. 33627E-05
1%TR#%4+0. 22564E-07%TR¥%5
BNIUL=0.37358E-06-0. 447T17E-09%TR-0. 99205E-11%TR¥%2-0. 69564E-12%TR%
1%3+0. 29659E-13%TR*%4-0. 30417TE-15%TR*%5
BMIUL=BNIUL*ROL
CPL=1.1072+0. 177T98E-02%TR+0. 61905E-05%TR%%2+0. 83333E-07#TR¥%3
SIGMA=0.26087E-01-0. 22609E~03%TR
ROS=3. 4667+0. 11957%TR+0. 0015525 TR*%2+0. 34223E-04%TR#%3-0. 54979E-06
14TR#44+0. 4976E-08%TR¥%5
AMIUS=0. 935E-05-0. 17038E-08%TR+0. 26762E-08%TR%%2-0. 54592E-10%TR%%3
1+0. 315E-12%TR¥%4 ~
ANTUS=AMIUS/ROS
ALH=301.51-0. 84038%TR~0. 27103E-024TR*%2-0. 54699E-05%TR*%¥3-0. 12057E
1-06%TR%%4
PS=4.379+0. 16371%TR+0. 00239134 TR*%2+0. 1553E-04%TR%%3+0. 44303E-074T
1R*%4~0. 10586E-09*TR*%5
GO TO 100
40 TR=TR
C PROPERTY OF R-113
RAMDAL=0. T4515E-01-0. 63377E-04%TR-0. 19633E-05%TR*%2+0. 64330E-0T%TR
1%%3-0. 800T0E-09%TR**4+0. 34615E-11%TR#%5
ROL=0.16184E+04~0. 20812E+01%TR-0. 12800E~01%TR#%%2+0. 18556E-03%TR%%3
1-0.12632E-05%TR%%4+0. 25998E-084TR%%5
BMIUL=0. 95634E-03-0. 22181E-04%TR+0. 55287E-064TR%%2-0. 52510E-08%TR*
1%3-0. 11872E-09%TR#%4+0. 30859E-11%TR%%5~-0. 18889E-13%TR**6
BNIUL=BMIUL/ROL
CPL=0.21431E+00+0. 21738E-03%TR-0. 34936E~06%TR*%2+0. 11195E-07*TR*%3
1-0. 11713E-09#TR¥%4+0, 38462E-12%TR%%5
SIGMA=0. 19889E-01-0. 10678E-03%TR-0. 42727E~064TR*%2+0. 30964E-07%TR*
1%3-0. 5T459E-09%TR¥*4+0. 32692E-11%TR¥%5
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ROS=0. 12515E+01+0. 56200E-01%TR+0. 10520E-02%TR*#2+0. 83010E-054TR*#3
140. 38700E-07#TR**4
AMIUS=0.97281E-05+0. 29187E-07%TR~0. 34628E-09%TR%%2+0. T3882E-11%TR%
1%3-0. 66991E-13%TR¥%4+0. 21305E-15%TR*%5

ANIUS=AMIUS/ROS
ALH=0.38006E+02-0. 54348E-01%TR+0, 1918TE-03%TR#%2-0. 24927E-04%TR*%3
1+0. 5754 7E-06%TR*%4-0. 41667E~-08%TR%%5

T=273. 14+TR

PSL0OG=9. 6842-2099. 0/T~1. 3505%T/100. 0+0. 1171%(T/100. 0)%%2
PS=10. 0%%(PSLOG)

GO TO 100 )

50 TR=TR

PROPERTY OF R-123

RAMDAL=0. 060

VL=-7.32848+1. 57258E-03%TR+2. 07T72E-06%TR¥%2+1. 99174E~08%TR%%3
1 +3.70888E-12%TR¥%4+1. 64256E-13%TR¥%5

VL=EXP (VL)

ROL=1.0/VL

BMIUL=0. 434%%(-0. 2661)+((273. 15+TR)-298. 15)/233.0
BMIUL=BMIUL#%(-1.0/0.2661)/1000.0

BNIUL=BMIUL/ROL

CPL=.252607+3.89429E-04%TR-7. 16098E-06%TR%%2+1. 2084E-0T*TR¥%3
1 -5, 48862E-10%TR*%4

VG=-0.834923-0.041867%TR+1. T9782E-04%TR*%2-8. 05203E~0T#TR%%3
1 +1.91603E-09*TR#¥%4

VG=EXP (VG)

R0OS=1.0/VG

CM=152. 98

PC=39. 4%0. 96784

TC=186.3+273. 15

AMIUS=6. 30% (CM#%3%PC#4/TC) % (1. 0/6. 0)%((273. 15+TR) /TC) #%1. 5
1/((273. 15+TR) /TC+0. 8)

AMIUS=AMIUS/10000. 0/1000.0

ANTUS=AMIUS/ROS

PARA=222.2

S1GMA=(PARA* (ROL-R0S) /CM/1000. 0) %%4/1000. 0

1%3-0. 5T459E-09%TR%%4+0. 326 92E-11%TR%%5

HG=142.602+0. 137782%TR+3. 33687E-05%TR¥%2-1. 0328 2E-06%TR%%3
HL=100.002+0. 21531 7%TR+2. 19999E-04%TR%%2-2. 21566E-0T*TR%%3
ALH=HG-HL

PS=-1.07025+0. 0448253%TR-1. 88 T98E-04*TR*%2+7. 01068E-0T#TR*#3
1 -1.48507E-09%TR¥%4

PS=EXP (PS)

GO TO 100

60 TR=TR

PROPERTY OF R-11
RAMDAL=0.0802285+4. 39949E-06%TR-1. 82546E-054TR#%2+6. 10401E-0T#TR
1#%3-1. 0358 7E-08%TR¥%4+8. 91716B-11%TR%*5-3. 39803E-134TR%%6
2+8. 2889TE-16%TR%*T7

ROL=1534.12-2. 28617%TR-3. T0226E~03%TR%%2+1. 48646E-05%TR%%3
1-1. 17708E-07%TR*#%4
BMIUL=536.041-6. 21316%TR+0. 0516166%TR¥%2-3. 6144E-04%TR*%3
1+1.65613E-064TR%%4-3, 4049TE-09%TR**5

BMIUL=BMIUL*1. 0E-06

BNIUL=BMIUL/ROL

CPL=0.206844+1, TT332E-04%TR+3. T8904E-07%TR%#2

IF(TR. GE. 26.85) CPL=0.2119
SIGMA=0.0210208-1. 32459E-04%TR+1. 00223E~07%TR*%2~6. 65254E-10%TR
1#43+1. 12799E-11%TR%%4-5. 03961E-14%TR*%5

ROS=2.48001+0. 0988429%TR+1. 52769E-08%TR¥%2+1. 11586E-05%TR*%3
1+4.69193E-08+TR¥%4-2. 62788E-104TR*%5+2. 08246E-12%TR%%6
AMIUS=9.99022+0. 178554%TR-6. 66018E~03%TR*%2+1. 201T1E-04%TR%#3
1+1. 28171E-064TR¥%4-8. ATOABE-08%TR*%5+1. 16734E-09%TR*%6

2-5. 28623E-12%TR%#7

AMIUS=AMIUS*1. 0E-06

ANTUS=AMIUS/ROS

ALH=45.1165-0.0845168%TR-2. 83554E-05%TR%%2-1. 9711E-06%TR%%3
1+1. 61476E-08%TR#%4-8. 468E-11%TR#%5
PS=-3.21386+0.0426283%TR-1. T4441E-04%TR%¥%2+6. 07294E-0T#TR**3
1-1. 13179E-09%TR¥*4

PS=EXP (PS) %1. 0E+02/9. 80665

51
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GO TO 100

70 TR=TR

(=
=}

PROPERTY OF R-114
RAMDAL=0.0602917-2. 25978E~04+TR+7. 034158-09%TR%%2
1-4.19391E-11%TR%%3
ROL=1529. 33-2. T6669%TR-6. T1593E~03%TR%%2
1+3. 3136 TE-08%TR¥*3~4. T2T14E-0T#TR¥#4
BMIUL=452. 907-5. 95602%TR+0, 0442713%TR%%2+2. 54881E-05%TR#%3
1-3.80718E-06%TR¥%4+2. 18908E-08*TR#%5
BMIUL=BMIUL%1E-06
BNIUL=BMIUL/ROL
CPL=0.229062+5. 89802E-04%TR+1. 26460E-06%TR¥%2-7. 0807TE-08*%TR%%3
1+49. T6459E-10%TR¥%4~4. 37260E-12%TR#%5
SIGMA=0.018779-1. 17265E-04%TR+1. T6234E-07#TR¥%2-5. 901T6E-09%TR%%3
142. 04083E-10%TR%%4-8. 36077E-12%TR¥#5+2. 66586E-14%TR%%6
2-8.08508E-17%TR¥%7
ROS=6.82871+0. 254419%TR+3. 42391E~034TR#+2+2. 89484E-05%TR#%3
1+9. 58353E~08%TR#*4-1. 4317E-09%TR¥%5+1. 6211E-11%TR%%6
AMIUS=10. 6509+0. 0554516%TR~5. 39512E-04%TR¥%2+4. 51065E-06%TR*%3
148, 14802E-10%TR% %4
AMIUS=AMIUS*1E-06
ANTUS=AMIUS/ROS
ALH=32.8225-0.0792751%TR-2. 58196E-04#TR%%2-1. 82399E-06%TR%%3
1+2. 09835E-08%TR¥%4~1. 3815 TE~10%TR*%5
PSLOG=-2. 43567+0. 0393855%TR~1. 62593E-04#TR##2+5. 61441E-074TR#%3
2-9. 65007E-10%TR¥%4
PS=EXP (PSLOG)*#1.0E+02/9. 80665
GO TO 100
TR=TR
IF(TR. GE. 60.0) TR=60.0
PROPERTY OF WATER
RAMDAL=. 483113+1. 86629E-03%TR-1. 40046E~05%TR%%2+1, 09217E-0T#TR+%3
1-8.47619E-10%TR¥%4+2, 84115B-12%TR%%5
ROL=999. 786+. 076383%TR~8. 83678E-03%TR*%2+7. 09878E-054TR%%3
1-4.38416E-07%TR%%4+1. 19191E-09%TR%%5
BMIUL=1790. 45-59. 32%TR+1. 286 7% TR¥%2-. 0134563 %TR*%3-3. 36361E~05
1#TR#%4+2. 56722E-06%TR%%5-2. 50504E-08%TR%%6+8. 05T42E-11¥TR¥%7
BMIUL=BMIUL%1E-06
BNI1UL=BMIUL/ROL
CPL=1.0074-17. TT649E-04%TR+2. 38189E-05%TR#%2-3. 3T968E-0T#TR%%3
142, 4126 TE-09%TR*%4-6. 39827E-12%TR%%5
SIGMA=.0756506-1. 39TT6E-04%TR~2. 98254E-0T*TR*%2+1. 20782E-10%TR%%3
1+5. 42668E-13%TR%%4
ROS=4. 86106E-03+3. 23389E-04%TR+1. 12132E-05%TR*%2+1. 366 T6E-07
1%TR##3+2. 29281E-09%TR%%4+8. 24535E-12%TR*%5
AMIUS=9. 21855+, 0230203%TR+1. 31432E-04#TR%%2-7. 58126E-07%TR%%3
1+2.03096E-09%TR¥%4
AMIUS=AMIUS*1E-06
ANTUS=AMIUS/ROS
1-6. 28TE-08#TR*%3+6, 3946E-10%TR¥%4-2. T232E-12%TR%%5
ALH=597. 608~. 565909%TR+1. 39969E-04%TR%%2-3. 3T962E-06%TR%%3
1+1.39465E-09%TR%%4
PLOG=-T7.40061+. 0725804%TR-2. 92902E-04%TR%%2+9. 63555E-0T#TR%%3
1-1. 8149E-09%TR¥%4
PS=EXP (PLOG)%1E+02/9.80665
SHITSURYO TANI %% DENNETSU KOGAKU SHIRYO P.298 (WATER) %%
RAMDAL=0. 489+0. 1614 76E-02%TR+0. 348889E-04%TR%42-0. 628611E-05%TR%%3
¥+, 340972E-064TR%%4~0, 85694 4E-08%TR%%5+0. 101389E-09%TR%%6
*=. 456349E-12%TR%T
ROL=0. 9999E+083+0. 59855E-01%TR-0. 90085E-02%TR%%2+. 11492E-03%TR*%%3
%-. 14T89E-05%TR¥%4+. 8338 2E-08#TR*%5
BMIUL=. 179864E-02-. 658458E~04%TR+. 270391E-05%TR¥#2-. 136709E-06
#¥TR¥%3+. 510685E-08%TR%*4~. 108895E~09#TR%#5+. 117816E-11%TR%%6
- 502007E-14#TR%%7
BNIUL=. 179E-05-. 61731E-07#TR+. 193439E-08%TR*%2~. 810083E-10%TR¥%3
*+. 31243E-11#TR#%4~. T14583E~13%TR%%5+. 818055E-15%TR*%6~. 363095E-17
RETREXT
CPL=. 1008E+01~.613333E~03*+TR-. 200833E-04%TR%%2+, 331805E-05%TR%*%3
k-, 145833E-06%TR¥%4+. 313889E-08%TR%%5~. 333333E-10%TR*%6+. 138889
¥E-124TR#%7
SIGMA=. T5707E-01-. 12210E~03%TR~-. 60954E-05%TR%%2+. 31807TE-06%TR%%3




AT ITV=tNATY Y FY A 7V ER0T 53
BRBEEFRET T > b oYK7 7 > b+ OMERERT

%-. 64803E-08%TR%#4+. 44936E-10%TR*%5
ROS=4. 8536E-03+3. 2530E-04%TR+1. 1621E-05%TR#%2+9. 35T9E-08%TR*#3
%+3. 4389E-09%TR#%4~1. 2389E-12%TR¥%5
AMIUS=8. 3821E-07+3. 8214E-09%TR
AMIUS=9. 8%AMIUS
ANTUS=1. T000E-03-1. 0634E-04%TR+3. 3806E-06%TR%%2-6. 28 TE-08%TR%#3
%+6. 3946E-10%TR*%4-2. 7232B-12%TR%%5
ALH=5. 9728B+02-5. 6615E-01%TR
T=273. 15+TR
XT=647. 31-(273. 15+TR)
PLOG=XT/T#(3. 36311+, 0466834%XT+1. 23TT6E-04#XT##2-5. 30465E-08
$%XT#%3+2, 50335E-10%XT#%4) /(1. 0+0. 01552T#XT+3. T8297E-05%XT#%2)
PS=225. 65/10. 0%%xPLOG

100 RETURN
END



