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Thermodynamic Efficiency of Metal Hydride Heat Pump
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Abstract . New type of metal hydride heat pump (MHHP) combined with hydrogen
compressor was constucted for cooling purpose. A model for calculating the coefficient
of performance (COP) is presented for MHHP which consisted of two different stages
(enforced and natural stage), and compared with the experimental results. A concept
of adiabatic compression work is introduced in the model on the basis of Carnot reversible
analysis and the dependence of COP on the various operational parameters is discussed.
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1,2, Metal hydride reactor of low pressure side (R-1. 2)
3.4. Metal hydride reactor of high pressure side (R-3, 4)
5,8. Heater for heat source and ouiput
7. Waler reservoir for heat source
8. Cooling reservoir for output
9,10. Chiller
11,12, Cooling water tank
14. Hydrogen compressor

13. Cooling medium tank
15,16. Hydrogen

17,18,19. Vent  20.Vaccum pump

Fig. 1. Flow chart of an enforced metal hydride
heat pump.
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Fig. 2 Ideal cycle of a thermally— driven metal hy-
dride heat pump.

4ol QY Aol PTHAE Van't Hoff2 e
G weel edos APV HHety
458 NEYLY Y5ASTE Ghnilel
o Aol o8 thedoz E¥AT,

{COP) = Q. Q= T(Tw — T)/Th (Ta — T1)

714 Th, Tm, T1E &% €9, FHEE
3 SH2EFE eI 28 Ao EAA
€ #45a8E % ey 89 ¢ d2He
AEEF, F20 A€W §& nA gond
tdrt saEeAlaade £ APzAddA w
3Gl Hl3 3%0l3t, £ AW AT=
50C A4 5% AN FAESIIG. 28"
2918} g7t FH5AE Alold] R@W
qdFe

Q = b — (hst+hy) (6V)
Q = hy + (hethy) (2)
Q@ = h + (hethe) &)
Q = h — (ht+h) (0))
o 9oy

h~hs (kcal”moD) = NYSE U AYS: F&52
e HgAEy



ol xjatEa] 4 349 A 2 & (1992 129)

hs, he, (kcal” mol) ==&
hs, he (kcal mol) =+
Halo)u},

EF oM FE5F43E N8l d9 W

Lun

3
b
B
o

= Cpy (Ta=T1) Wia
Cov (To—Ta) Wa (5

FF

1]

FHEAE U371 AAuHE

= Cp; (Ta—Ti) Wa
= Cpr (Th_Tm) Wi (6)

-4
|

olth. o 71ol A Cp(keal/Kg/ C)E E&FlL W
(kpv FA, AAA }HA b, 12 A4 5&F
2348, W7 E Jehin FHA s A, 18
7] a¢EH ALEF S BARG

olg F&F2ET Hgr) d&Fo] A9
#oha 7rgstd

FE&EFANER ¥hg71e FHY(WE
Y W Wia
¥, = Wo/ Wi ®

wh BHE FE5EL

SEECERRLEEEE
B3 wgrlos dgneFe tew 2ok

e

hy + hy = Cu (T.— TV (1+¥) W (l‘pn)

[

hs + he Cp.. (Th—Tn) (1+‘Y1) Wi (l—lh) (9)

g viEdnz

by = AHw AC, Wa a0
h = AHu AC: Wy an
hs = AHie AC Wa (12
he = AHw AC, Wi (a3

AH(kcal mol Hp)© d4€d ¥ sleolil ACE &
ol Edold AWMA &M b, 1L IYSH
AYE: 5558, 29A LA 3 dE T
F2-g- % g3vh-g & Jepdh

AFHEY AN CY WAlele o9 @&
A7t g Ech

C, Wn = Ch Wi a4
A1)~ (1) F (D~ A&t o
2oh.

Q=[AHw AC,—Cps (Ta—T) (1+¥) (1—pd] Wi (15
Q=[AH, AC,—Cpy (Tv—Tw) +¥) Q—p)l Wy (16)
Q:=[AHu ACi—Cp. (T\—T.) (1+¥) (1—w)] Wy an
Q=[AHy AC,—Cpy (Ta—T:) (1+¥) (1~ Wi (18)

3.2. ZHzg 3EHZ9 ofqX|FX|

T EE JEHZAANE F&F23EY BHS
I x| HAZNE &S TE F AN
ZAEBHAME AFFH| F4o AGdHA3)
o Z1qst7| &) 3] o]EEAES TESFE
Yot A7leM e FEF23E dgy] Wale
Tl dAEIH3E i 42 ¥ ol 7}
g o183 ANxge agg Fooh 29
3& Van't Hoff 2 Z o}t FA @4 JIEHZ 9

HPH : High pressure hydride

'y \ LPH : Low pressure hydride

Q4

P3| — '
p2l- — HPH
Q1

Pit—-oA————~—

| ) | |

] | i |

! I | !

| | ! i

! | | |

J 1 1 L - I/T

Te T Tm Ty

Fig. 3 Ideal cycle of an enforced metal hydride
heat pump.
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Fig. 4 P—V diagram for an enforced metal hyd-
ride heat pump.
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Fig. 5 Influence of t on the performance of an en-
forced metal hydride
heat pump : Tw= 70~75C; Tn= 30~32
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Fig. 6 Influence of T, on the performance of an
enforced metal hydride heat pump . T,=
5~9C; Tn= 30~32C: t = 360 sec.
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