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Effects of regenerator and cooler on the cooling performance of a
vuilleumier cycle heat pump
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Abstract

An experimental study has been carried out lo investigate the effects of the combination
of the different wire mesh number in a regenerator and the tube number in a cooler on the
cooling performance of a Vuilleumier cycle heat pump. Effects of operating conditions, such
as charging pressure, operating speed, and heat input, on the cooling performance are also
studied. The experimental results obtained indicate that the cooling performance could be 1im
proved with the proper combination of different wire meshes in a regenerator. More tubes in
a cooler are desirable for better cooling performance. It 1s also found that the cooling capaci-
ty is enhanced, whereas COP is reduced with an increase in the heuter tube temperature and
the revolution speed. Both the cooling capacity and COP are incercased with a higher charg
Ing pressure.
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Fig.1 Experimental setup for the present study
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Table 1 Specification of the present VM heat pump

<ol @

Combination of wire

main part description specification
type tubular type
L.D. of tube 4 mm
heater length of tube 150 mm
heat transfer length 100 mm
number of tube 24
type shell and tube type
1.D. of tube 2 mm
cooler length of tube 114 mm
heat transfer length 110 mm
number of tube 150, 200
type shell and tube type
1.D. of tube 2 mm
hot side radiator length of tube 154 mm
heat transfer length 150 mm
number of tube 120
type shell and tube type
1.D. of tube 2 mm
cold side radiator length of tube 114 mm
heat transfer length 110 mm
number of tube 150
type wire mesh
0.D. of regenerator 148 mm
hot side regenerator 1.D. regenerator 84 mm
length of regenerator 40 mm
Filler factor 0.28
type wire mesh
0.D. of regenerator 148 mm
I.D. regenerator 84 mm
cold side regenerator length of regenerator 30 mm
Filler factor 0.28

(120), (60, 120, 200),

mesh (200, 120, 60)
material stainless steel
) : diameter 80 mm
hot side piston
length 150 mm
welght 1200 g
material engineering plastic
) - diameter 100 mm
cold side piston length 900 mn
welght 500 g
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Table 2 Experimental conditions for the prototype VM cycle heat pump
. ) mesh number tube
. charging heater tube operating
experiment of number
pressure temperautre speed )
number - regenerator of
P[MPa] Il K Qfrpm |
WN cooler
1* 2 573 sell-operating | (120-120-120) 150
2 2 573 self-operating | (120-120-120) 200
3 2 573 self-operating | (60-120-200) 150
4 2 573 self-operating | (200-120-60) 150
5 2.5 573 self-operating | (120-120-120) 150
6 3 573 self-operating | (120-120-120) 150
7 2 573 350 (120-120-120) 150
8 2 573 450 (120-120-120) 150
9 2 573 600 (120-120-120) 150
10 2 623 self-operating | (120-120-120) 150
11 2 673 self-operating | (120-120-120) 150
12 2 723 sell-operating | (120-120-120) 150

* : reference condition
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Table 3 Effects of tube number in a cooler on cooling performace
tube number ; 150 tube number : 200
charging self-operating Q self-operating Q
pressure speed [V\;] COP speed [V\;] COP
Pc[MPa] Q sl‘"[ Fpm] Q a.»lr[rpmJ
2.0 231~245 55 0.24 183~202 61 0.27

B3 AMEE 29 f2uHe] e 2] o Table 4 Effects of regenerator types on

Hol| o] 2 Bl BErlae] hEddo) ﬂ’] cooling performance
EA o) wAs o utgpa] 2 AqtelAl=
o sell-operating
A 9 exz=mofi BF -,-ra]{ A NE A ] combination of ] QWi | cop
9|8 w=o g v4yvt 1209 Fdoznt F44d wire mesh Qsp[ee ) W '
seill. TPIM
= AB ALl o247 60, 120 ¥ -
;2‘0130mm4q e ﬂ" }_ga;}jlm]o :l%‘M qe  [aeAOWRel-m) [l 55 | 02
A =2 % © i
0 FHE%L%;;T‘ RSN so0el wf [P BOINED 120200 224245 6 | 028
= - ZiEL0. ’ ’
= wady) 2k type COWN200-120-60) 205- 219 58| 026
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MaA 2ol Uns Ao R Wk Eny = Hrlol M= A sl e Zaadghel o),
duh webd AAdAFe BEr e wEias VMg 2o §-lsjd ol gk VMelg]Le] 1
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