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Study on the Performance of Fuel Cell Driven Compound
Source Heat Pump System to a Large Community Building

Donghwa Jeong*, Jaeki Byun, Youngdon Choi**, Sunghwan Cho

In the present study, performances of fuel cell driven compound source hybrid heat pump system applied to a
large community building are simulated. Among several renewable energy sources, ground, river, sea, and waste water sources
are chosen as available alternative energies. The performance and energy cost are varied with the hybrid heat pump sources.
The system design and operation process appropriate for the surrounding circumstance guarantee the high benefit of the heat

pump system applied to a large community building. Th system is driven by fuel cell system instead of the late-night electricity
due to the advantages of the low energy cost and waste heat with high temperature.
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Nomenclature

C, : HE [JkgK] P : pressure [kPa]
COP : coefficient of performance Dp: Z2l2E 7 [m]
h : enthalpy [kJ/kg] D, : ZolXZ 2F [m]
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Fig. 2 Heat pump cycle.
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Table 2. Properties of the element of ground heat exchanger

Fig. 3 Transformation of a square domain to an equivalent
concentric domain.

Wall Wall

Material Soil Water Grout {Bentoite)
p (kg/m’) 2,000 1,000 1,800
Cp (J/kg-K) 1842 4,220 837
K (W/m-K) 1.5 0.566 0.79
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Fig. 4 Grid of computational domain.
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Fig. 9 Variation of mean ground temperatures for ground and air
compound sources heat pump system (Munmak).
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Fig. 10 Variation of mean ground temperature for ground and air
compound sources heat pump system during 5 years (HP
operation using ground source : 20 hours).
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Fig. 11 Variation of mean ground temperature for ground and air
compound sources heat pump system during 5 years (HP
operation using ground source : 12 hours).

4,2 A59ug7|9 €ug &% W

oF Ao] Azt 2)2dwsdty) 3t 72 Bol&(bore hole)
o) dWg LS oRTR AAste] HAbelAd-g 4343t At
ol &Y F=HE AL 7

2719 27142880 YR Irke A& & 4 Aok oA
8 Community A& XEY s|E

7] YA AFEndr| Axulg-E Eole Aol 7MY
Z83]tt, Table 45 AFGud7|9 AAHEE Eol7] A
3 Hojge] dus §S 7

2 Z7MAA AAHEE Yerd Adfolth, Koo Eugt

30 | Aol X

27 Time using ground source DDDDDDDDDDD
29 o p.m.24~am.4(4hours) O o,
224 e p.m.22~am.6(8hours) o O
214 & p.m.20~a.m.8(12hours) D” oO0000es,,
2] * pm.18~am.10(16hours) ;= ® %o,
. 0
8 9o o et MMM 'o.‘
g 18 Gy e AA AAA
5 (2 C00Onomnaonod 0 27 Lok A
= 174 e, * Keg A
© s, * A % A
o D, O, ° * * A
g 16K Ln Vegg o O * * n
E 1515,  %0eseqqeees®™ O oo
)
(L BN I "
14 « AAA A * *
134 *, AN s ** *1
*x *
124 &
*** ****
114 H e gegedohAK
10 v T T T T T T T T
0 50 100 150 200 250 300 350
Day

Fig. 12 Variation of mean ground temperature with respect to
operation time of heat pump system (4RT/hole).

Table 4. Heating and cooling COPs with respect to operation
time of heat pump system (4RT/hole)
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source (4hours) (8hours) (12hours) (16hours}
Heating

cop 387 3.73 3.59 3.41
Cooling 366 4,08 448 488
COP ’ ’ ) ’
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Fig. 13 Variation of ground temperature for the ground and air
compound sources heat pump system during January (2RT/hole).
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Fig. 14 Variation of ground temperature for the ground and air
compound sources heat pump system during January (4RT/hole).
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Table 5. Comparison of COP hetween night electricity driven
and fuel cell driven heat pump systems {Munmak)

. Night
Heating electricity 373 391 439 461
COP
Fuel cell 5.23 5.41 5.89 6.11
Cooling COP 408 .77 833 6.66
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