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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the effect of expander and the internal heat exchanger is investigated in transcritical
Received 22 August 2017 carbon dioxide direct-expansion geothermal heat pump. In this regard, a comparison is performed
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‘Available Online 18 November 2017 between four cycles. The four cycles are: (1) the cycle with expansion valve, (2) the cycle with

expander, (3) the cycle with expansion valve and internal heat exchanger, (4) the cycle with expander
and internal heat exchanger. The present numerical model has been investigated performance analysis

Keywords:

Ge)éthermd Heat Pump of the four cycles under study in different operating conditions in two district cases. The first study

Direct Expansion includes a specific heating load, and the second study is a constant evaporator loop length (ELL). Then

gafbog Dioxide model evaluates characteristics including coefficient of performance (COP), evaporator loop length and
xpander

heating capacity of the four cycles under study. To examine the performance of the four cycles, a
parametric study is performed to investigate the effect of different parameters such as difference
between soil temperature and evaporator outlet temperature, water inlet temperature, water mass flow
rate, gas cooler length. The results indicate that COP associated with the expander cycle is always
higher than the values related to the expansion valve cycle. The use of internal heat exchanger in a cycle
including an expansion valve always leads to a slight increase in COP. An internal heat exchanger has
negligible effect on COP in the cycle with an expander but reduces the evaporator loop length.

Internal Heat Exchanger
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Fig. 2 (a) T-S diagram of transcritical carbon dioxide heat pump cycle
without internal heat exchanger [5]. (b) T-S diagram of transcritical
carbon dioxide heat pump cycle with internal heat exchanger [5].

S 398 S amS 60 Sl ey S 9551 - oo Jlogei @) 2 JSB
6° Sl ey S 55T - oo Jlosas 0) 5] (J5ls )l Jae oo
(5] (15 > Jome b (Sl 398 0,5 9|

11 o)leis 17 0993 1396 yoin (purde Suille wise

A 5 00T i Job 5 eaniS S 4 (6945 o (o>

(ol 905 S 9 s T % -2
5 SemST (6 s blunsl (2lo)F (a0) (S ooy cadlllas ol 5o
BRI PV IPWISUIPY NFLA | ES S SR LI S - PR W N A %)
s Bl oS anj > oy S o Sile 1 U5
ol 00l 00ls ioles S anSTl g0

5 oS e g bluwl ;b 5l cos 3 4 1b g 1-a b JSi o
o3l (52528168 it blucil (olo)S ey ()l caey S
o IS SAS it e ppaS ol Soms ol sloailgs sl o
1 S5 5 6 sblan ai8bin (ianj Jom) 20255 i 5 Ll
53 O el 0038 5 blail 1i 350l couiS lavaie 998 o0 0dlin
Sy s 3 o (L alali) 03,5 (oo jgm eI 3)ly el gLl 1 &5 Jl>
Sy (2 i) wmd g0 > i Gl 39 Sl 4 0 s g eS|
Sl oy Gyl G5l a3l 0gd 0 I uiS S 5)lg 2 alads o
Olrz Sls) 55 Jore S I eaS S og e a3 IS O (ale S
i il 8 55 T 5 I3 Ayl 3 80 45 slaisS & ol il
GRlS 9 yee jLid g Led G5 oS KB 5l 0 jaee 5l e 0)l0 Ol
ploul i el oals bads Sl Getle Sl jeim aSIl o WS o oy
Sl o el o & oattS laete b BLl 18 g 5] g 5o

Water Water ‘:"]'" ‘g"l"
Inlet Gas Cooler Outlet alet Gas Cooler utlet
3 3
2 2
[ | !_‘7 Expander Compressor | \.
Compressor | | \ | C | \
| | | N\ (
Expansion Valve \ L /
Tl i 1
4 4
Ground Surface Ground Surface
Ground Heat Exchanger Ground Heat Exchanger
(Evaporator) g (Evaporator)
a b
Water Water Water Water
Inlet Gas Cooler Outlet Inlet Gas Cooler Outlet
L2 - [
4 Internal Heat 2 Internal Heat 2
o Exchanger Exchanger
: o <]
= e o \
A ] g
z H ~— e
E H oo/ H
I 6 1

St

Ground Surface Ground Surface

Ground Heat Exchanger
(Evaporator)

Ground Heat Exchanger
(Evaporator)

Fig. 1 (a) Geothermal heat pump cycle with an expansion valve. (b)
Geothermal heat pump cycle with an expander. (c) Geothermal heat
pump cycle with an expansion valve and an internal heat exchanger. (d)
Geothermal heat pump cycle with an expander and an internal heat
exchanger.
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