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ABSTRACT

The purpose of this study is to minimize the heat transfer surface area and cold flud exit
temperature of heat exchanger which applied to the refrigeration and air-conditioning system by
utibizing the thermoelectric principle. Both uniform and non-uniform current distribution methods
which applied to the analysis of the TE elements that incorporates heat exchanger were
investigated. The non-uniform current distribution method had the better coefficient of performance
and had the lower cold flud exit temperature of the TE cooling system than the uniform current
distnbution method. It was found that if a TE cooling system incorporates a heat exchanger, a
non-uniform current distribution should guarantee to the lowest cold fluid exit temperature. Also,
the hybrid method (combination of the uniform and non-uniform current distribution method) is
investigated to achieve the best results by combining the uniform and non-uniform current
distributions. The results show that it can lower the cold fluid exit temperature and reduce the
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heat transfer surface area for the parallel flow arrangement if we apply the constant current in
some entry region and the non—uniform increasing current in the direction of the cold flud flow
afterwards.

llz 8 Y g A4
h 22
A BRI ®9F (m] c AL
Ay EHaAY] BHEA [m] h A
Ce : AXRAIELF [k]/kel G : ALAH
G IXFAINELEF [k]/ke] hi @ 2&YG+
C g8 a AT
ghj @ Als | r 7%
I AF[A] | o : HAAH
k 87849 943E% [W/mK]
L @d849 2o [m]
n o SYEAHG H49] agAEX
[TE elements/m”]
q - @4gs [W] A AR deHATE Zo)[1/m]
R 448 [WmK] o @84S AJIAZ [Qm]
S AMAS [VK] | AT @ @A8A9 &53HThi-Tc))
Tn @ I2FAY FF2% [K] £ L BH8AY AR HEEA MY
Te  AXFAY HHex [K] Sy
Z ASASF K]
1.M B

dAWd7Ise Ao AAANE dAdAY

* 1 FAYE | o8, AET FET o}t FAPRH|GME F
SA AREE o] stor A FAREA LAY F

d907 EHYHS o]838l= cogeneration Al

s ¥ x Hol Ate Axstn gk! =8 dAdds|s

£ 9PIF o g3k WAL V&Y Y&

x @ 139 A | g2y Yuls 43ske AHol A ujio)

p : Peltier &} G PE AMREHA] ¥a gEEE 1EE
d : Conduction &7} 0ZR S '

& 28341 7} Hod, 7ze &
. Joule &3} ARE FFse AR A7|E AofFoEH

Cod »

98 Elf 2F0l| L4 X{(Solar Energy) Vol. 20, No. 1, 2000



slolnel=ye ol4d Gy £X5N a7/ AR 9

2t 7 279 YERal H43) ey &
U, 20| W FoE fEHoz =AY 7
Qohs AYE 7HAT QoY AR AYE
AAE N5 Y5t oFdt 84 2dE
o] isolgton xRyl WhsEe At
871 fisk AupdA AL Ay #E oy
AFM BAT 4 9ok Gwiliam®e AT
NZ28 A2 AH AHed Hd dyE5sEHe A
A8l7) Al FRdETIY 27 Rdge F
8% A3 Adgh gaa A7 Wo'e
HAZ3 Atolel FAHYZAT)e) Uizt AL 3§
A3t HA3E A% 8y 2de AT,
Mathiprakasam® Sutiko’= Fz&71E2 ¥ 33}
= ARG LxuizE Aretgch x7)
o] A7) dig f¥e 03} &L 139
ATA o] AMEEH o HART} THAT )
£ A4S 2 AWAS AVAY, dAEE 5ol
L=t w2t dAsiky MRS, EF
AFAAY AZFAYE FAlRIYY. a3y
Spokoiny $Y& dAAAle] AT ARy} YA
82, AFFAYUE FAdke 7HS A A A
o} Z+Fd wfolvt Agdire AMES ST
Buist”’= Busmuth - Telluride &A= (pellet)
o] N3 HiTA At dAsAe] AHAo]
LEFEHY A5 dsiM Ak 2gln ¥
MRS 20709 d¥3 2712 Y gAAa
29l AdAo] 2&d wel ey getial 7t
At Mt A dx @ALA Y] AdE
o] EEEAu9l LTE=YPY AHE WEA o
6%% Wesyd HUAFA 5% Aga)
LGS dolyth AF7HA =99 gyie ¢d
wE71E T3t GAYAALA Y He B8 &
Ar27t ddst AFEEE A ZHFo Z3)
HAT T3y 229 AFoHe dze] AL
Ao BEFY3 AFEXE FEFOZHN AT
AR 71 wel =oda ik FdsiA AR
TEE AAT A ALFArt 228 & e

Ell 2Fol[ L1 X[(Solar Energy) Vol. 20, No. 1, 2000

HALE A7F AR dudrle gAd
gEHAo] AR olide] HH ALFA Y %7}
e Aol A7tk ety AFEEE BF
AslA) Aojgro g 71Ee] Fd HAFEE Ao
Holl Hlg|M ALFA Y 7257} B YolA
I AAAFE ot ARdo] ERIE%IY O
gy o] MEL dwdre gAY HHAHo|
AXE dHE /I3 S
mebd E Ao EFHL dudvE 52

ALHAY 25E 7|1EY WHEY 4 FFHA
Au3ty] BHE ol A2 AFAAHE A
Nels ALE, dlojB=E AHste dud
718 X33l e FAYAAAY AL o)
3 HHs APE FsHTh 7Y AREE A
ol dudr|9 HWHo| AL we EgY A
FEX Aoy g¥€% §98 AT ¢
AR olte] HW A3y F43| "AAL, &
7Y AFEE Aojys AT A 4AAF
7b S AFAY HAMRErE AT
AAG AAHo| Frislofot it} T2} sfojHe]
=He T Aoy AYes T EFEY W
Mo g UAHA oledMe Y AFEXE Ao
ME O olFoe Edd HARFEX AHE Al
£33 dlos me=9 ddog HdoyA
g o|f3ly gAvt=AAAE ARE ikl
sk ABE JAUE A A AP AME
Sto WAEHNE de FF3 dH EFA2HY
Aol 3-8o] 7hs3itt.

- 1
TE=
e

e,
2,
i
rlo
r2aL
kA
\lted
2
o
2

Yo
i,
o
2
g,
ral
ugd



soluzl=y e ol 88 Gzt $Ad4 AT/ 7R 9

7|l |2/,

l Heat Dissipated l
to Heat Sink

C
urrent +| | | !_

Fig. 1. A Schematic diagram of a typical TE
couple

% o 729 g Foloh 7N TE ALA

4 2% T4 oridi

dy = Qp,x+Qd,x+ dj x

— SIT— kAO‘Z %IZR

x$} x+dxAtoldl ) e dAuiAE
¢,= dE= Kpldx+SdT) 2)

otk Maas x+dxE At FAYEL HY
HE5E T Y 4 Jed dxE v$ ) g E
of 2248 o]F= FAIE 4 Q.

dq,
dx

Qx+dx — qx+ dx
dk dT

dxdx

T | daS
@ T dx

= g, — (A, 2k al | 4 dT dzT)dx 3)

+ (ST IT)dx

4714 A Walel dEE ARG e
a7je} HEO|ET) FIQ1AT. AR BE B3
Ao oo 2o

100

T 3P 22X guE 4 B

Gt 8= Qx+ o (4)

2ol A (1)~@3)& HdsHd

2
Ak% + A5 )(“"’T)2
(5)
_ .dS dT )
ITa’T . + pI*=0

o] "t} AL AL n¥ 52 pd &A
9| Zojtf @AHIl A2 FAA Aok mepA
HL49 YA WANNN SHET x= O
Z3} o] FYHE £0F A1

& =x/Ao

A Gl e o] 2944 % Ik

dz dk (dT)z
“a T artde 6)
dS dT 24

Q49 s PN HeyHozRE 23¥
Azl WrTH AL LEEYE 73 4
At} 71M QALAY AAQ S9b p g kE
LEF&d 5ol gl AAQA HYHoN £
gex ol 7+

23l 8 4 JUh
T pﬁ
= + = () (7)
_ o & (Ao _
ﬂf) Aok 2 +( L (Tk; TCJ) (8)
2 L
+ ol ZA(Z)k)E+Tc1

QLA L EXE A% F 4()EHH

Ef 2¥of| L4 X|(Solar Energy) Vol. 20, No. 1, 2000



soluzl=ye ol

QY7 SAHE @7/ 29 9

T = T/T, , E‘=E/ﬂ,f=]/f,,
g =q/(ST,1), k'=1/ (ZTH"
L=[(kT,)/ (oAD", Z=S%/(pk)

debq  daxAe ALWHx=0Qu)sl A
dHG gL TheT} Lol

=TI~ (BT /[2— ATk 9)

T3 AP A-LEH)) el dAgEe o
&3 Zo] T¥H:

ah=T\I'+ (BT [2—AT'F (10)

HOst 4109 AN Deojadgd o
g QLS Yehled By 71 2F 4
9 e Z=rk EA L FEEF 9% ¢
AEE Vet B5dd Feade 7MgEs
£ U] e S0 RIHYN JHAYY F2
A= G WA W dos Edol ¥
o AR & AxdAEd 3 FFe e

=8 ¥Eoly 71EY u 2T dAARY
RN ALHHeE do °” Trot7) dEol
0% HdEn. WEr|d A 2%y 582 2
exstol AA WEr1e ARAFS ol
H 35718 AAAFY Wz Jepdth

dgq.. / T
(dgy—day) " (T—Tv)

Fo{A 25zt AT(Ty-Tg)oll g AQEs

Ef 2Foil L X{(Solar Energy) Vol. 20, No. 1, 2000

< gHLa A9Y] F A LEATL 29
E4E w24 7Rt AME o] 188 F
BN ¢ 7 ok ALHAN D2HHTY 2=
A7} ’ﬂr"“‘ FAEEol W7 Yo 2 A<
gzl BesiAE HYE AT ok A 2y
3 BES AL 2 W HHAF AN
AFR7E Wkl wet 3453 gags € 7 S
) ojg 2=t A& AS A 28 ade A
st Wzbslthe Akde vehd: HHiE 2
B3 2 A% ZE2 BAY disAe HE
AFEHANM Hhe 582 Heth

22 Budr)e] dALD A
ARt n2fAe FRdAe 18 29
A RoFe uleh o] vmAHAY 12F39
ALFA, 28z SRR tigh oA REY
e Hegozy dL £ 9 B dFdMe
e 22 S 3.
O xde FH94 E*%EM Ak
@ g QY W Aoy FAY
F Stk
@ 9A L FouR|9] Wl FA|SH
@ FAle) 93ty JdL dA3ih
® T - APAHY FAFLE YA
%RJH AR oA AP eze] A
£2 03 o] ¥¥¥ 4 Utk

dg.=nqdA,=[(T.— Ty/RIdA, (11)

A(11)elA ALHel €43 Ree A9 1A
se) dAd azly IHEHHY FALAE
ALdATe] A=A o3 2o diFEe <
187] shAo oA A=A gFATLE 9
2o w2} gAY vk FA9 uA e Ao
Q3 5o SA3] wedd Feega 7Hgs
U oj%} 7.%01 —:‘_r-ic}%l—h AL BEsith E=3
A2 &30l dojyd R AHA

101



solnzl=R g o83 Ay FXHY AF/ A o

— il J —— Insulator
TE Chip n T 7
It
| C, Ty | Ty dq T, +dT,
—_— i h f——
| . dAr |

Fig. 2. TE refrigerator equipped with a heat
exchanger |

o} Halz Y FHY %4 g g

2 2~
-?-Z]—-%]_ DA

dA = nA%dA, . R'=nRS(kT./0)"5/A
A1) AL gdad AAe 2w
22 FAY gHE & 9 QU

il

dit=q.'dA," =[(T — T)/RdA, (1)

F QALAY nLHHNN nLfAH R

g AL oS3 2o
dgy=q, dA,"=[(Ty; — TH/Ry1dA, (13)

A9 107 A1), (139¢ 2T A
S o ge Aoz 9L % 9ok

Ty=Ti-RATul —5 KT —4T'F)  (14)

Th=Th+ RATWl + 1 12— aT'%)  (15)

A48 AN A28 H13)e) TeAH
ALRFY 255 AASA doc % don = T
7 o] 2 4 itk

102

. TR =BTy

By s
dq. R dA, (16)

. T+ (hi—1)Ti+ kg
dq}zz R;

dA; (17)

AA AHE FAAFE g3 2T,

gi=1+R.I'+R.Kk, g;=1—R,I + R}

* *  *k * * % * g; * k*R:'
= —E*RR,, hi==%, hy=—3
3= &1 82 h 1 2 2 2
] BRI+ ECRIRIY ., R'R
B =0.5 &2 vy K Wl B = *k
&3 | &3
. &1 » gk R+ EP RIR T
h5='"";", k6:0.5 *
&3 &3

doe = P1AEA dA A AR Gl
A ZA2& 23, dgy v Z2FA Al
QoY F7H 2o w2bA doe S dgy =
pefAe}t AfA HFLTHI AT 9
dTy'st #&o] gl v} o] & & Yok,

dg'=—C.dT’ | (18)

day= CidT, (19)

Cir=Ce 3 s - (20)
0 | -

Wb Ao FAS 5% AF7E Suy)
A9d 2F 4RI}V dA'E AAT F AX
Ty ol Wt 4z AvlE $84E d< & A

R,C,

(1= h)Te— b Th— b ; 4T
R.C:.

WTe+ (b5 — D) Thths ~ dTe (o)
=—1

( )|

Eff 2Fof| L X|(Solar Energy) Vol. 20, No. 1, 2000



3 A0 ALY QoM 1
A ALFAY HELEE ¢4 a9
Fe8e7 BAEgE TVE T.Y 42 &
T Atk 283 T, & A(16)0) tidsle a3
A BHAS A% e AR/A 7
FY HdFAAN 7R AEg s 4
DL T.9 #sy} s golvt §-8317] W&
olty. AQ2DAA Ty & Axketed T, o W3t
UE 28 270N AdE Y9 1HFHo|
0] H1 ALFAY 125 3= 258
golzez] Bty Tz Fudr)e] AaklA
A7} 9ol HEE ) deiMe A7 ¥4
TEA AHEHojof 3k T, E AASH] 8|
A(16)~4(190¢ 284N g3 2ol TV E

T. 9 &g 138 4+ 9t

(T =B — )

hy (22)
(T DR.C.

AW

T =

2(10), A1 4(13), (194 Tw' & AA3}
Ao e TS i 23 AmE g
o] fojzitt,

i dT”
_dz4_*2+hdA +75Te+73=0 (23)

A7NM T Als

3 2

1—hp  1—h
R.C. R,C,,

il

_ (rs—=1A = k) + hyhy
RR;C:C;

.,
(XCR
I

hyks — hyhs — b3
RR,C.C;

o
73

eff 2kl LY X|(Solar Energy) Vol. 20, No. 1, 2000

T 9 Tv'e) QYFRE 270] FojAW AH&A
& CF CGE 44 78 + o 2163t 4
(192 Z¥3A ALeA 7Y T o of
& T ws AAzAL 78 5 Uk

HdT’
“T¢ dA;

7Y AFEXHE ARSsgon AFA%
T2HA Y JFeEe YAt TS st
AARS FEF o] At ALE-H Fudr|Y
AHEEL Gwilliam'e] =T AREEH gA
27123} Axo] A Holg9} s v
AR 714 AHEE Re9t Ra-2 15inché]

0|2 71 2I3Ue o] dwdlrle
91'1% 16707} Mg ® #$9 Kays® London”
9] AgFS AR3Igler. 99 FA= 0.0linch
olf AAL 6063-T6 LFvlFolth WA Ui
QAT g3 2o

R,=2.4122%10™ (W/m® - K),
R.=20165X10* (W/m® - K)

&%wzﬂ“ F710)1, AM2FAY YFET
300Ko|H o8 7)1Fer: T.2 Hggoen 12

79 gdFesE 310K sttt Ak o]
H oA FES o2 2o

103



soluzlsye o @ daYAY FAHY 97/ 29 9

n=232488, 0=1.1064X10" k= 1.6474
S=21226x10" A=836 |

714 WA} AR FAYAFE 44 Ads
o Jadde o 2o

1A"=0.6155m"
11"=79.945amps

=4 o)y DA Y579 HEAAFE AL
FANN AA" FoiAs} 228 WGP )
2 ¥ S 4 Qo) ol 4L HAE gdud

719l AAATE e

cop = —2—
Q Q'c
_ I‘:, ¢ TZ
(T;;_ Y‘;‘z,kz')(:r'_ ( ncz_ 7:) |
o714
cr: Cmin/cmax - (”éhch)/ (”%ccc) (?ﬁ)

3 3YPF d2IVE TP IAY5Y)

1 A ALY FAHLEYA Ty Tyol
7158 3%st dugr) o dAsAt 7YE
AFEEL A9 HHsl dgisiig =9t
a2y SRR F H5A Alelg gRge
AeiM e AHEE A 2RGA 9
FELES T 9 Tyol 7EaA 3FsE 53
slopgt 3t} uskd oj9l e A9 HU&E
£ UE FHY AFE A'd BEN s
T2y FAsfe o] 4 9ln v 2L &
A &40l =Ql=]ojof 3t |

104

BN AZE e 2 F e AFiE
R FEA FoA el s 33

MHog ¥t -
dTe _ hi+mTit (B —D T, (%6)
dA, - R:(C.
dT;@ _ hZTZ'*‘(kE“I)TZ“FhE (27)
dA; RiCh |
7|4 27121L tad 20

A ’:,:_-O Ao T :=1.00, 7T ,=1.00

@ FoA Ty'¢ Tooll Tt HAY I'e A 2
M3 8589 dqg./dgy -dg )k Tc/
(To-Tc) 9] HI7F A W] Iojet T

- E Z/WA 7HEA AR s

@ A'E ZVPIAEA HA 13 28 WHESIt
B dRgNE A'E 028 Z7HAZH

b, &tolE2|=H

O YAEF7IA s dY AFEEYPS AMES
o} YAt A WA g &%
e 71&717F |49 AHe HHoln.

@ YAHA o]FEE 4 (16)~(19)2 =33
M AL Ty9 Tool sy AZE T4
A B A FEjA Fold o di3
TN HoZ Fot

@ I'E H3N7|EN HAHY I'E 7380 F
o)A Tyet T ol th3t HFe I'e AW
A 389 dg./(dagy -dq. ) T /(Th -Tc)
lel |7} Hjol I'elth

@ A'E STHFIEA 3A 28 32 REES,
B dFoMe A'SE 028 S7HAIA

Ef 2Fli 4 X|(Solar Energy) Vol. 20, No. 1, 2000



sfolHBj=E o83t &

Auzke} £434 A7/ 7R 9

3. 24t ¥ ¥

I8 32 BPF FusvldN C=1g9wst
C2Y Wo) A2fAe] sl digt 1o}
. AsFAE F7loln ARAY YTFex
Teae 300Ko|H o]F 7|E2%8 T2, 124
A YT 310KE ANEAT A5
LEHEERY & § U%o] &
QAYZGAY FFol o EFHHo|th e ¢
F23k9] F43HE At AfA) &
g 4 e AR 257 gL oA m o]
g 2o L%o) musley "Wed AST Ao
A,

1.00

| I B I B ]
BRI A -

0.98

Tc

0.96

0.94 T T ¥ T ¥ T T o
00 0.3 1.0 1.8 20 25
A

Fig. 3. Comparison of the effect for differ- ent
heat capacity ratio (C=1 and C=2)

1.00

0.98

0.96 -

Te

0.94

0.92 1

0.90

T T Y T v T T T T
Qe 0s 1.0 1.5 20 25

Fig. 4 Cold fluid exit temperature for paraliel
flow heat exchanger at Cr=10

2ol L X[(Solar Energy) Vol. 20, No. 1, 2000

g -&-aku]7} '

ay R0 & ¢ Re] AFe] 271
S7HIITL AAA7E =288 5 Sle HA
=7h HiFsA RolAAl et AR 27
ad I2fAe 27t SA%ITIeE A2
A Fugo] L dojdt} IHEE AL
FAY 2xe 343 d5H E—lt} e 8
u@7] AYq) TYT AFE I ATUA
Se HAe AnE ze AR A Htﬂfﬂr%l
A3} 21lo] B3t

a3 4~79 GO 10, 20, 50, 1000] A'7} 2
Yoo} S vehhlth 2Y6A g %0
Crol $71EE L=7t BotAY A A
gAY Co] STkl 227 9 ol %

:L r}o i

25

Fig. 5. Cold fluid exit temperature for paraliel
flow heat exchanger at Cr=20

1.00 4%

0.98

Tc

0.92

{ —@— I"=0500
—— I'=0825
el |* = (.750
——tfp—— |* = 0.875

0.88

v Y r Y v Y v T v
0.0 05 1.¢ 1.5 20 25
A

Fig. 6. Cold fluid exit temperature for paraliel
flow heat exchanger at Cr=50

105



stolHe| =S ol &3 dANAY A A7/ A o

r T Y T T T d T v
0.0 g5 1.0 1.5 2.0 - 25

Fig. 7. Cold fluid exit temperature for parallel
flow heat exchanger at Cr=100

3.00

2.50

2.00

. COP
3

0.0 05 1.0 1.5 20 2.5

Fig. 8. Coefficient of performance of parallel
flow heat exchanger for Cr=1

o}2)%) eg° S & 4 9ok

19 83 95 s daRd Fd
ARE I 249 4345 Jed ¢
o HoRI 4 (5)9) B2} ALE ool
ot LA E7ELE Ugoz o He
¥ GojA7} ol F BT Aolth ulgtA 1
AN & 4 dFo] AHAFE Col &L 1 o
FolR)A o,

a9 10& Clolm TR ALgA9) 9]
FLEE 310KS 30KY w 7Y FFEREHY
st 7Y AREEY, 283 sjolBsY

o] LEREEE el o YR

TY AFEENS AHESHE o] 9T w8

106

3.00

—O— Fw0125
—8— {*=0250
& "= (375
—@— |"=0.500
—— I'=0525
—il— 1" = 0.750

* = 0.8675

2.50

2.00

a
Q 1500
O

.0 0.5 ' 1,[0 A 1.15 ' 2f0 ' 25
Fig. 9. Coefficient of performance of parallel
flow heat exchanger for Cr=10

Tc
[=]
0
-~}
-

0.86 -

0.95 4

0.94 T T T T T T
0.0 0.5 1.0 1.5 20 25 3.0 35

Fig. 10. Comparison of fluid temperature
variations of parallel flow TE heat
exchanger for Cr=1

£ $Fey E%ol "ok AMS & £ o
Chen”9] B7Y ARETHS ALLs 7Y
FEXIHY o Et} ALFA Y 255 ¢S
E = JAYN ARFHEe A7 TRl 944
g RHHo] Hodg ¢ F Ut g
A*=1.07H] [+=03572 dY AFEEHE AL
gtz 1 ol¥ EBEaY AFEIEHE AEde
slolrE|l=i e HEa HE ALRAY 2%
E B27Y —‘-’—‘:Ha‘éw i 2ol g2 9E o
‘-‘lu S ¥ g AN gAY ¥HFE ¢S Fow
é T »11:} o YAEH oslelME &
3 ARREHe AT T ol ¥ REE 7Y

>l$ oY, -

k]

Eff 2Foll L X|(Solar Energy) Vol. 20, No. 1, 2000



SonF=YS ol88 SHYAY SN A7/ A 9

1.0

0.9

0.8 4
——8-—~ 1" for hybrid method

07 —i—— 1" for Chen's method

0.6 -

0.5 1

0.4 4

0.3

0.2 1

01 T T T T T T
0.0 0.5 1.0 15 20 25 3.0 35

Fig. 11. Comparison of current distributions of
parallel flow TE heat exchanger for
Cr=1

1.00

— e |* = (.250
—8— 1"=0.375
—A—— "= 0.500
——4@—— Chen's method
e~ Hybrid method

-\;
0984 B
oos4 A

0.84

Tc'

0.92 4

T S Dy

0.90

MR

0.88

.86

T T T T T Y ;
0.0 1.0 20 3.0 40 5.0 6.0 70 840
A

Fig. 12. Comparison of flud temperature

variations of parallel flow TE heat
exchanger for Cr=10

AFEIHES AHEse slolHe|t=wo] A<
AoPHYS & 9,113}.
a9 118 B4Y¢ A iﬂ]cﬁﬂt’]@_ 7359} 3t
olBZ| = -?‘-4 TEINS YeIT,
O8N & F AR E?—l“ﬁ AFEEHS A}
FAEE AfAY FedEer Agegey
oAk 944 ez ARY APt e
% T Alq' T3 slo|BE| =S AMSSHE Bt
TEEHE AR HIjA FuE7]e]
%2% BAE £2Y F T ARFA =88
T Ue IJALET oA AFY LWL

E 2kl L X[(Solar Energy) Vol. 20, No. 1, 2000

07

0.6

——— 1" for hybrid method
—i— " for Chan's method

0.5 4

L 04
1

0.3 1

0.2

Fig. 13. Comparison of current distributions of
parallel flow TE heat exchanger for

Cr=10

¥ 2oldg ¢ 4 Ut

13 129} 138 C=1002 AN o] 258
¥} AFEF Uigt 1ot} 3jolEe| =YL
Bd AFEEH vigA F2 QY A
A HAALEY =EslA| o %?ﬂ% fHo] F-3t
A AAA J8 E7Y AFEIHE AHESe
Aol A1rA|¢] ﬁ—%ﬁzg o Y& doe
S & F Ut S ojde EvY ARE
Etﬂﬂr 6}°lﬂﬂt*ﬂoﬂﬂ AR3lE AR Yo

&3 e AHE ¢ 5 ok

4.4 =

2 Q7dNE guisle Ty de 24
B9 sl A8 2 AREEHY
279 ARLEY U ALE FA34 o)
sel=yis Hug 2% te ge FES o
& % U

) BRI AR g0l FHYTT dAh 2
U Agas a7ess 98 4 WA
HEASTE EobAA ggtesl, 1A

25 QAR ool AeRAs ETe
7 A5UE U 5 siol

107



delual=y g olgd SRzt +A3N B¢/ 9

2) 8877 & At ALRAY &7
g % 92 F oy A¥Are ¥
The AMS ¢ 4 Atk a8y g
8] ATV 4R E4FNE A
NG A2FAY EFEEE 92 F 3
A ofJ7] wiEel] F-&Fulo] gt 3}
o] 830} g}

(3) dugr)e] o] F7igl w ALHA
o] EFeny} Yol o] dou YA
%‘J o dolHH AH2FA EFEI A5E
= & F AT geix dudr)e] HAd
i3t FF3ARde] ags ¢ & U

(4) dfelBB|=HE ARESHA HE AHFAY

27eEE ¥ wol 9dg E9EE 7

it Bashe WS e ot S
£ AMS & & gk

6 AefAS EFLES A ASe 9
ARIAAE FLA ARE 524 soh
b 3 olFREE Bae] F/K) w4
§2 AL 45U8eE A58
2R s Ml gaeE
ARE Ackshe Wol 7V AnAA P

I ¢ % AN

£ 7]

B a7t B 54 A28 APAKRS

A)e) AQatel FAHAeH, ol WA o
A% el £2 EIIT
128

L&A, “dNE 7l aWEd ad ¥
¥, 37123458, Vol 23, No. 5, 199,

108

pp.396~402.

. Rowe, D. M, "CRC Handbook of

THERMOELECTRICS”, CRC Press, 19%,
pp.617~619.

. Gwilliam, S. B., "Design and Test of a

Thermoelectric Air Conditioning System for
Cooling Parked Aircraft”, M. S. Thesis,
Dept. of Mech. Eng., Utah University, 1993.

. Wo, C, "Specific Cooling Load of

Refrigeration”, Preceeding of the 11th ICT,
1992, pp.136~139.

. Mathiprakasam, B. and Sutikno, T,

"Analytical Model for Predicting the
performance of Cross Flow TE Liqud
Cooler”, Preceeding of the 5th ICT, 1934,
pp. 7o~T9.

. Spikoiny, M. Ju., Appek, M. A. and Galeyv,

V. N, "Mathematical Modeling of
Nonstationary Modes for Thermoelectric
Modules and Their Computer Aided
Design”’, 1st International Forum on
Mathematical ~Modeling and Computer
Simulation of Processed in Energy Systems,
Hemisphere Publishing, New York, 1990,
pp.223~234.

. Buist, R. J, "Design and Engineering of

Thermoelectric Cooling devices”, Proceeding
of the 11th ICT, Cardiff, UK, 1991, pp.84~
B.

. Kuan, C. and Scott, B. G., "Optimal Design

of TE Air Condtioning System with
Different Flow Arrangements”, ASME HTD
Vol. 279, 1994 pp.1~19.

. Kays, W. M. and London, A. L., "Compact

Heat Exchangers”, McGraw-Hil, New
York, 1984, pp.186~213.

eff 2kof| LY X|(Solar Energy) Vol. 20, No. 1, 2000



