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Operating Performance of Metal Hydride Heat Pump for Cooling
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Abstract . The operational characteristics of a metal hydride heat pump system are strongly
dependent onr the amound of hydrogen gas transferred by hydriding and dehydriding reactions
between the reactors under dynamic conditions. A new metal hydride heat pump combined
with hydrogen compressor was constructed and the dependency of its operating conditions
on such as cycle time, amount of hydrogen to be transferred between two reacting metal
hydride reactors, operating temperature, and heat transmission characteristics of the reactors
was investigated to find the optimum operating efficiency. These conditions were also evalua-
ted in connection with the cooling output and hydrogen compressor connected to the system
in order to enhance the total efficiency.

1. A = 238 Lol F£49 o)FE WAE Alo)EE T
d3td AL Ee 12§ dE Ao EFZ
HZ FETLEE o] &3 S LA 2 - g dFolth 53 FF& AUAY F2E o]
AT7t SEHZE FAoZ s AgFoln) e F5528E JEFPZE M 4830 F
FETFLEE oL EFYREE FE5A3E EEHE 2okFe FUEA HI7A H g d
o) A4, Batgo] $urdle g FAEAL T7F ol FoA ol ol A A A3 UG
o] &8t RO2H o] wEe 7tPAo] EIL W € Eue ok 28y SHEAM AFEH AR
S0 mags o] Aot} ol dg ol &% Aladlel HAHHI} o]FojXm -
HFETFALE EFETE 25 F oY 55 ALY FHoRE FAPGHAH L M7 9

—21 -



FHEHL - BT R K - REEED

qA 3FF9 FEFAHES ol 8T ALl E
o W AFE Bauxi oy 2 op 7
FAAE7E ALY F40 55 FAHE
do 7| A ste AT g A= B
a7 givh B dFolA FHF3 JEEZEs Y4
AR FEE FaPF7IS ZFAA, F429
BAcHE 4ol e ZAcE JEF=
(EMHHP)olt}. 4384 249 588 ¥
718 o] g8l gote Yo FEH —15CY
WEde dsdog HAHRES Ao, o
Mzl Bog A2 A7 st FAZH
E #Rz AMid FTHFa3EY 54 2 A
o] ZAIZt T Y ZAxo] JEF L AFd
tAe g JEFOEZN A5 25%1-4 43 ¢
A ERE gotdtn, ofgE F
ol A A8 B5E2 nlz)—‘é °éf%

2z At

el e whgr], & neE W
S 7%, AGE ukg 7| gAbolodl £ AR A
HAo] NE BYE VMEHEE ZPANA A&ES
go] 7H%3EE AT, =3 oo EHHAYL
FagErleg 2gHARd o 27HA ZEFH
(2834 £ ABARY 2 E 7HEstEs
A3k A

£44&E718 JABRAA 2FAIe BS F
AE AuEdA ngRkgriz ZAHoR
olEHn, ThE e wgre FYAtel oA
FE2TE 5ogtt 28 19 #44FVIE AR
Ao BaA Ao YL E €Y
gd BAAE RFa Yo 2xxde n2d
gex T,=358K, H7/IWELE T,=308K, ¥E
WA ex T,=248Kelth AEHAE D Tl e

oL

TEMPERATURE (K)
352 332 312 202 272 252 232

Tw(308K)
[ HIGH PRESSURE gD
| HYDRIDE

)

1 L COMPRESSO 'S‘o,%
~ 1f o,
£ , 0@ 9 T(248K)
< RECOVER %o} ;
2 Tw(358K) PROCEle Yo !
= L
@ c S A
2 OUTPUT |
o PROCESS |

1

0.t

LOW PRESSURE

HYDRIDE
i i 1 1 i n 1 P T S T n i L
26 3.0 3.4 38 72
1000/T (1/K)

Fig. 1 Operating cycle of an EMHHP in the cooling
mode ; hydrogen compression in the reco-
very process.
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Fig. 2 Operating principle of an EMHHP.
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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)

5,6. Heater for heat source and output
7. Water reservoir for heat source

8. Cooling reservoir for output
9,10. Chiller
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11,12, Cooling water tank-

13. Cooling medium tank
14. Hydrogen compressor
15,16. Hydrogen

17,18,19. Vent
20.Vaccum pump

Fig. 3 Flow chart of an enforced metal hydride

heat pump.
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Fig. 4 Reactor in detail -

9. Inlel of hydrogen
10,11. OQutlet anax inlet of heat media
12,13 Drain

1, shell 3 2, module 3

3, filter 3 4, spacer : 6 and 7, side plate 3

8, reactor cap ;> 9,

hydrogen line ; 10, gas-

ket s N—1, inlet of hydrogen: N—2 and

3, inlet and outlet of heat media ;

N—4,

drain of heat media s N-—35, gas plate.

Table 1. Characteristics of the hydrogen compres-

SOr.

Specification

Type

Suction pressure, atm.
Discharging pressure, atm.

Suction gas temperatue, C

Discharging gas tempera-
ture, C

Discharging quantity,
N1/min.

Leaking quantity
Required power, kw

Motor power, kw

Interlock

Two stage reciprocating
type with water cooling

1.0
20

85
Normal temperature

300

Complete sealing by mag-
netic coupling

0.73(adiabatic efficiency="70
%)
5.5

Suction side - less than 09
atm.

Injection side - more than
23 atm.

Flow rate of cooling water
- less than 21/min.

Table 2. summary of the system design condition.

compressor compressor
in output in recovery
process process

Output(Qu), kw 1.9 4

Temperature, K

Heat source(T) 363 253

Heat sink(T,,) 293 a3

Output(Ty) 258 253

Cycle time, sec.

Reaction time(r,) 300 300

Retention time(t) 60 60

Output of alloy,

W/kg-alloy 39 53

Total wt. of

hydride, kg 47.8 5.6

Kind of hydride

High pressure side  Mm™*NigAkys- Mm* Nis 7MnosFens—
Cooas Aly1Coos

Low pressure side  Lalm® *Nisavmozs- Lm™ *NiggsAlogs—
AlysConzo Coom

Avzilable hydrogen

content(AC), [H/

M]

High pressure side 0.56 0.8

Low pressure side 0.48 0.87

* Mn : Mischmetal is a mixture of rare earth elements.
**Lm . Lanthanum rich mischmetal which contains more than 45%
Lanthanum.
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Fig. 5 Hydrogen gas flow patterns in an EMHHP :
compression in the recovery process - cu-
rve A and B, integrated flow rate of the unit
A and B: curve a and b, flow rate of the
unit A and B.
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Fig. 6 Hydrgen flow rate of the unit A and B in
the recovery process - hydrogen compres-
sion in the revovery process ; curve A and
B, integrated flow rate of the unit A and
B: curve a and b, flow rate of the unit
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Fig. 7 Hydrogen flow rate of the unit A and in

the output process - hydrogen compression
in the recovery process ; curve A and B,
integrated flow rate of the unit A and B:
curve a and b, flow rate of the unit A and
B.
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Fig. 8 Hydeogen flow rate in the four reactor du-
ring a cyclic process . hydrogen compres-
sion in the recovery process ; curve A and
a, output process - curve B and b, recovery
process.
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Fig. 9 Temperature profile of the inlet and outlet

in reactor : hydogen compression in the re-
covery process s curve a and a’, inlet and
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Fig. 10 Amount of heat transferred in reactor :
hydrogen compression in the recovery pro-
cess s curve a, reactor 15 curve b, reactor
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