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A Third-order analysis of VM heat pumps
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Abstract

A third-order simulation model of VM heat pumps has been developed. This model allows

consideration of the major losses such as heat conduction losses through regenerators and

displacers, pumping losses and wall-to-gas heat transfer losses in working volumes, in

addition to the heat exchanger and regenerator losses. The working volume was divided into

12 control volumes and conservation equations of mass and energy were applied to each con-

trol volume. Pressure drop was constdered in regenerators only. Thermodynamic behavior of

working fluid in a VM heat pump was investigated and effects of major losses on the per-

formance of a VM heat pump were shown.
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Table 1 Specification and reference operating

conditions

oX
i
&

Table 2 Simulation results at reference opera-

ting condition

Hot |Warm,|Warm,| Cold

Unit | . . ) .
Side | Side | Side | Side

Hot | Warm, | Warm. | Cold

Unit | . ) v .
Side | Side | Side | Side

Working Volume

Bore [em]] 8.0 10.0
Stroke [em]| 4.2 4.2
Appendix Gap fem]| 0.1 0.1
Speed [rpm]| 700
Mean Pressure [bar]| 40

Phase Angle [deg]f 90
Displacer Length  |{cm]]| 12 16
Heat Exchanger

Wall Temperature | [K] | 873 | 328 | 323 | 278
Inner Tube Diameter | [em]| 0.6 | 0.2 02 | 02
Tube Length [em]] 20 15 11 11

Number of Tubes 24 | 120 | 150 [ 150
Regenerator
Porosity 0.7 0.7
Length [em]| 4 15
0.4

Working Volume
[10 *m?*]

0 90 180 270 360

Crank Angle[ Degree]

Fig.3 Working Volumes vs. crank angle
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Table 3 Effects of various losses on perform-

ance

Heat Exchenger Feat Trensler e[ W)
Hot [Warm,{Warm,| Cold

COP, | COP,

Basic Model 852 | —497 |—2135[1678| 2.76 | 1.76

Table 4 Comparison of 3rd-order analysis
results with the results of 2nd-order

analysis and adiabatic analysis

Foat zxchange: Hee: Transer Rl W
Hot |Warm, | Warm,| Cold

COP, | COP,

Wall to Gas
Heat Transfer 842 | —489 [-209011647| 2.73 | 1.74
at Working Volume

Regenerator ‘

_ 915 | —558 [-2129|1668| 2.64 | 1.64
Conduction
Displacer ‘

, 902 | —527 | -2150}1669) 2.66 | 1.66
Conduction

Pumping loss 788 | —415 |- 1919}14%4] 2.70 | 1.72

Il }
& @ 2ol AEA A Mo @y o

Internal losses 934 | —525 1193914741 2.40 | 1.44

Internal losses
+Shutlle 1773 - 1358 — 1824|1359 1.71 | 0.73
+Wall Conduction
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