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Performance evaluation of heat exchangers in ocean thermal
energy conversion system using ammonia/water as working fluid
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An ammonia/water is used for the ocean thermal energy conversion system (OTEC) to decrease
an irreversible loss in heat exchangers and to improve the system performance. However, It has been
not an enough temperature crossing occoured in the condenser though occoured in the evaporator in
an actual heat exchangers. Therefore, it is thought that the clarification of characteristic in heat
exchangers is important. At this time, logarithmic temperature difference (LMTD) method is used for
the performance evaluation in heat exchangers in OTEC. LMTD method is limited when considered
that physical properties of fluids are constant in heat exchangers. Then, a generalized mean
temperature difference (GMTD) method is introduced into the evaluation of characteristics of heat
exchangers that uses ammonia/water in this paper. The change of the physical properties value of
fluids in heat exchangers could be considered in GMTD method. GMTD was introduced into the
evaluation of heat exchangers of OTEC using ammonia/water and the influence given to the
evaluation of the characteristic, effectiveness, and system characteristics was clarified.

Key Words : Logarithmic mean temperature difference method, Generalized mean temperature

difference method

1. %5

IPEREFAEEBOTEC),  AAERTRE R FAA T A —
D—DTHY, FHTFEZT Tl <ipkOusk b
BEE/KOR R EE ARl /= D7 DR D
S ESNTWD, HEBEAZEEL. FIHTESR
EFEAMEROK BB BEE S s U TSV
DIZ, BRERREEROMREN HICEE ST, S0
MEEEBE L7 AT LR OEZIR LN BT L 755,
OTEC S AT LDERFRLOEE, EFEES <imhinT
WD, Z0D—D& UGHEY BT /KOIEHBREA TR
PREVERRMARE U THWD FIENEHESNTWS, I

RS (TR40-8502  {FRIBEEATALE 1)
RPN TR =

B KRERER TERITER.

CEEAE BT

E-mail: ikegami@ioes.saga-u.ac.jp

SO, ERRIIZOEMAYRIITTNDN,
RN I F DR EINSITTND EENA TR,

T R IKEVERRRRE U TRV SRS, BRcEs
TORRHEEDEE WS o8, fWEZ AN
TEBEERD, R ESREROICEMREDIR NS
TS, ZNSOREEEN U TGRSR E
WU BSOS N2, TR
TEIN IV UK > THRENK F 9 235605% 2. Z
NETOT AT IRERWZY AT LI LD E,
MAEZ A B S 57200 s CORHREE S IOV
FEHOARE 0 TN EDYERENTWS, TS
ORFEEMERL, 7 BT IKEEEAE UTRVYE
RO BOE Y L E I T 572010,
C DB AMRIAL, FHRERELT 2 &N
HELEZ 5ND,

T TN, BEH G CHA OB TR R E L
T DR EET 27, RS CO, LKRELEE LT
WD be—NR AT LDERIEHR BT CO, D

77



78

RS - FREM

HEVE I CORE R B R E BT 2. DX
7RG CO, Z AV VARSI RRDRHIR o U T, T84
S, RERN S AN SN TN 2 WECHIREZEE
(Logarithmic Mean Temperature Difference : LMTD) &5/
B — WAL IR FE 1 (Generalized Mean Temperature
Difference Method, GMTD)DEH ZHHEL T 2", 20
KO DH, GMTD IE1T BT BIOT T
7K P N R RS DRI K U D

P OEEITRITTREL, TaPoMNISITTsly,

F T AWEETCIIT BT KR RS
FEEED ’%“Efﬁ%%@)#%%%&%@é%ﬁﬁ?ﬁ@ﬁ@ﬁéa
HIE LT, FOFM GMTD 28 A U TN E T, &

512, GMTD ﬁ\;f%&&@%%b:ﬁﬁ% GMTD %)
HBIOFOEIEH I DWTERT 2,

i 5
A ZEERE [m)
c B [Jkg- K]
GMTD — AR K]
ho BT AILE [Jkg]
K 1 =mc [WK]

L BCCHERESE  [m)
MECEIIREZE K]
mo o EERE (ks

M HEWOREEREK

QO  BERT W]

g O HAWMOFEER (W]
T iRE K]

Ya . (ﬁ%ﬁt(z Moypp | 0y )

x D BCSHRBRETFATE  [m]

y T UERZTIKOMBREREWED
7 T DEENE)kgkg]

=~ F

D WK

s R

A0

s R A

D HEROFIHEERLK

C O

. BR

- EEhE

ws IRk

di— - REEEAD - ZREELE

21 TUEZTROEE KL TEZT/K
DSR2 7301 0. 1P, 0. 5MPa z‘ochzﬁ 1. OMPa iZ
WHUTENFIURT. 7 BT SR EDZEIIRE
VWWEDIZ, SRR EREOEDERT 100CHEERES
705, IERESEREI TR T T BT KRR
ELTHWDES, TOEEHAL v=0. 8 LLE&REEN
THO, FOHEHTOEREIADEIL KT TH S,
—J7, VEEREEE L. RIHTEDREEVNE N
T=OIZ, BRSO E TR T Ll 78
%%%0317& T, DEEREITTRD., SRR E T HTHY
%, BREREERNR I B D, . ASERRBX
BB T BT /7KOIREZ M 3~5CREEE
TSI NTTWS, IREALE LT 18RO 100°CHT

BOFERERH LY BT/ IKOFE AT NI
WA EFORBEIC NSO, R TE 2EEZN,
DB IREL 15,

15CNE BCENSVWDIZ, &

150

ot
o
<

Temperature 7 ['C]
w
3

0
I P=1.0[MPal] ““eeo..___ !
e = = P=().5 [MPa] ”
S0Fleeee- P=0.1 {MPa] B
0 05 ' i

Mass fraction ¥ [kg/kg]

Figl T-y Diagram

22 FTUEZTFIKERBWVEESSBREBAOEELEL
B 2B 20)127 BT K EE RS UTCH
VB OB SN O LA AR SR T T-X AN
FOT-QHEEATRT, W& S, HROISRE 1 S
7N, IRV EE RO beRL, R
80D 2 SRS SR, BNV BRI Stk
TR RL TN, U 7 IVEBIERE =D LTI
VL ESRIROEEWEE AR ES T, IS ORE
VEBRMEOIRE A AN < T2 ZENEES 12D,
TEIN S BEEERNOIREZA Y. B 21 TRS1D
EOIT T-XHEICRE N, FORFIRE A PR




TR T KRR EER BRI AR BBOFMICET MR

-
JUp——

Tempermtue T{°C|

e

£
Enthalpy ratio 4[|}

Fig2(b) T versus O

Lengih ratio ¥ {mvm}

Fig2(a) Tversus X

DIRFEADFHIZ IMTD 2SHWSNTE. — 77 K
2NTRT LD, T BT IKOREEE T-Q
EUTRT & AN, EBSgEOH A DO CEL
TR EAEBIRADIRER R HRE /2D, EERN T
INE 3% BOMEIES D 2 &N %, BT, EifEes C
VW, ZOETFRA M, HADOREZV IR T
TETY, HSIEOMREERREL TLEDFEHD T
EIWERTED, INHORHED, #i7 EZTITBN
TRV, TIT, AFECE, I OfEER
PT BHEE LT, 7B TIRERWZAHIAIEZ
GMTD ZHEA L, IMTD &DERZEL T N ST OH)
HZ DWW TR .

3. HEREEEOREE

T BT K E W BSHRERONOIREZE ORHilh
|2 GMID VEZE AT BB/ - T, AEHCL 1E-RDX
BOEEAIMID) Th D ATy &G TEEREZE
(GMTID)  ATgmpll DWW THEEL TRY.

3-1 WEESREREOEHP 3 | TRERS
B =BT DR O AR A A & DA
\ORLTND

R EOEEDABIZHIT DM INTSY (8 - av, BYT
& HfEY) B L TEIRA SRR NEA S
NDIEEE O |3, PEBBtRRE K &9 2 &N D
N de THDDT,

dQ = K{T, (x)-T,(x)}dx )

E75%, ZOEE, SuBEREK aEYVHEN ST S
RN EETDE, SRR T de DXFEBET Dl
V2 ZORTATR ) F— 2R, (IR L de DX
T RN FE RO ) 22 TS 2 &M
5, RO AEERIEDZA L dTy B LGRS
DIREGHEREDE b dT, L0, ERms SRR
OISR (T,-T,) 1T 210 HBAAMF511%5.

dT, —dT, =d(T, -T,)

SV S S P

mycCy  MC

@

BRI R AT CERE A T D BRI EIONR
EERE B OB E L TRO BIVEZDT, THETHEA
O SHIETENT A IET, RERhE O 23
BTEINTED, T/3bb, FHEOAL - HOHOREE
L ETIUL

L
0= L K(T, —T,)dx
:K(Tm ”TLo)"(TuO _“TLJ)L

In (THI _TLO)
(Tno —TLI)

= KAT,,,,, L G)

Thb. TOEE, (KEVSEIARESE WO XL
HGREZE AT \ ERDE DT85,

ATM — (Tm _TLO)_(THO_TLI) @
ATD
In (Tm — TLO)
(Tuo -7 Ll)
T H
/ Th‘l
dQ_~~ ATy,
Tho il : AT,
o AT | it Tio
0
Ty da i
e e
x Ll
Fig.3  Schematic flow diagram of Kalina cycle
3.2 —RCESREEOEY  HutiNTHR

RO T 5 ZEEBIET 255G, B3 IORT
SRNOY MBS x~octdy TIIERTIT 2. 22
T, Uld—E SR SV R CORMEERE TH 2.

dQ=UdANT ©)
X O ZENRIZELT
J'Qu dQ _ j*A, U’_dAi (6)
0

" AT(Q)
ZIT TR AT EIOR TERD B,

79




80

=

1 I o0 dQ @)
AT Qo 0 AT(Q)
E5I, IREENEEIETREE 2.
M
[ d0 =y 29 ®
¢ AT(Q) T (AT, -AT,.)
£oT, Alpmld, ST 2 ZENTES,
ATGMTD M M (9)
;(AT AT,)

4, GMTD & LMTD DL

41 PF7 BT ETEZTROE X412
W7 BT BLUT BT KO EO#FRB L
BRI ZPTD LMTD BEINGMTD DR D
—l%E, IR RED 30°CHI NN 8C
R TEMBRREZME, 2°C. 7 BT KDL
y=095 DERITONWTRT, R1IZ, ZOEZEDATIO
SHEAM AT, S R LITRTANRHTH LT,
TEERAEDIREZ 0.1 CAIRTEAZDEED IMTID 5
KO'GMID ZEHIL7 = BnS, #li7 BT 08,
LMTD BEU GMTID DfElIE<FCERD, 7%
TR, TN AEE o TND, BT 7%
FE2TE GMID 7 LMID K0 WTNOSETchE
<720, EERSTIL GMID 728, LMTD K0 W\dhods
HFTENEL<I2D ZEDTING,

- FEE M~

- BT - RIBHH

4-2 B GMTD & LMTD ADEAS 45
BELUE 612, 7 BT IROBE OV EBER (nye)
IR HERRR (mg) DRIt Gmyping) EZE(E
=, 7R T KO —EDEEIZ, Beb GMTD
& IMTD Z/hNSWTE BT 89 % GMTD
& IMTD DHEROD— &2 Eh ZSEae & B okt
LTRLTWS, ZDEE, T 77K =095
TD, FHEHIPITHEHL IREKALEE 30CH
JOMT 28°CT, 1EBFRIED ASME 38R E Ui,
EHRam BT DR WIKAIERE 8 ChI N

10C T, YE RO DS I8 R & Uiz, BTl
FIETICBWTES GMTID & IMID 2/hE<TED
TEBRINE N 2R TRL TS,

550, HIEIBNT, WINORBLORHT
., GMTD 7% IMTD K 0/ha</eo>Tns, &EED
TOEINEEBIZ. BTN E<InoTnWd, NSk

2 . T T - T

[

Ammonia/water(Eva)
Ammonia/water(Con)

Pure ammonia J

GMTD

0.5 .
ais
- |

LMTD
Fig.4 GMTD versus LMTD

Table1 Calculation conditions

Parameter Value
Warm source inlet temperature [C] 30
Warm source ouilet temperature [C] 28
Cold source inlet temperature [C] 8
Cold source outlet temperature [C] 10
Pure ammonia temperature in Evaporator [C] 27~279
Pure ammonia temperature in Condenser [C] 10.1~11
Ammonia/water inlet temperature in Evaporator [C] 27~219
Ammonia/water outlet temperature in Evaporator [C] 29~299
Ammonia/water inlet temperature in Condenser [C] 8.1~9
Ammonia/water outlet temperature in Condenser [1C] 10.1~11
Evaporator inlet mass fraction [NH; kg/kg] 0.95
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Table2 Experimental conditions

Parameter Value
Warm source inlet temperature ['C] 31
Warm source volumetic flow rate [m’h] 400
Cold source inlet temperature [C] 8
Cold source volumetic flow rate [m’/h] 400
Opening ratio of governor [%] 25
Evaporator inlet mass flow rate [t/h] 5,6,7,8,9,10,12
Evaporator inlet mass fraction [NH; kg/kg] 0.98
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