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Design and performance analysis of water-to-air heat pump system using
double-tube heat exchanger

Key words . Water-to-air heat pump system(& o Z7] HZ A]~8l), Double-tube heat exchanger
(o8 dwgtr]), Coefficient of performance(Ad5A14), Cooling capacity(Wdq%3),
Heating capacity (P52 ), Heat pump system design( € H 3 AJ A=l AdA)

Abstract

The water-to-air heat pump system requires relatively lower energy consumption and less
installation space. The heat exchangers used for this system are the finned-tube type for the
indoor unit and the double-tube type for the outdoor unit. Mathematical models for this
system are developed and programmed in computer. Experimental data from various condi-
tions are obtained and compared with calculated values from the computer simulation pro-
gram. Differences of cooling capacity and COP are 1.25% and 0.47%, and those of heating
capacity and COP are 0.51% and 0.13%, respectively. Simulation results are in good agree-
ment with test results. Therefore, the developed program is effectively used for the design

and the performance prediction of water-to-air heat pump system.
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Table 1 Coefficients of eqn 1 for various properties of water
Coefficients Temperature
) a b c d
Properties Range(K)
Thermal Conductivity )
6.34075E-08 [-7.42978E-05| 0.0292756 -3.19665 285~330
(W/m-K)
Density(kg/m™) 4.32827E-05 | -0.042439200( 13.466300 -392.689 285~330
Specific Heat ~0.000217391 | 0.217588000 | -72.426400 12192.4 285~315
(J/kg-K) -0.000400000 | 0.406000000 | -136.74000 19463.6 315~330
Viscosity(kg/m-s) |-3.68898E-09| 3.67434E-06!| -0.00122825 0.138249 285~330
Prandtl Number -3.21164E-05| 0.032044300 | -10.7096000 1201.92 285~330
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Table 2 Specifications of water-to-air heat pump system

Items Contents Units
Type Rotary ~
Compressor -
Displacement 28.2 cc/rev
Type Capillary Tube mm
Expansion | Length 800(C00h.ng Mode) mm
] 400(Heating Mode) mm
Device -
Internal Diamter ¢$1.9 ea
Circuit 1 -
Fin Type Louvered Fin m?
Finned-tube | Front Area 0.4032 mm
Heat Outside Tube Diameter ¢9.52 mm
Exchanger | Inside Tube Diameter ¢$8.70 ea
Circuit 5 mm
Double-tube | Outside Tube Diameter ¢$22.0 mm
Heat Inside Tube Diameter ¢15.8 mm
Exchanger |Length 4,744
Content Length | Diam(0D XID) | Units
Compressor—4-Way Valve 1,880 ¢ 9.52x¢ 8.70 mm
4-Way Valve—Double-tube Heat Exchanger 1,140 $12.70 < $11.81 mm
Pipe Double-tube Heat Exchanger—Capillary Tube 200 ¢ 9.52x¢ 8.70 mm
Capillary Tube—Finned-tube Heat Exchanger 760 ¢ 9.52x ¢ 8.70 mm
Finned-tube Heat Exchanger—4-Way Valve 2,030 $12.70x $11.81 mm
4-Wav Valve—Comnpressor 890 S12.70 % H11.81 mm
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Table 3 Effect of refrigerant pipe diameter on cooling capacity and COP
Suction Line Discharge Line
C Finned-tub 4-Way Valve—
mnf Hhe 4-Way Valve Compressor ay valve Cooling
a | Heat Exchanger Double-tube . )
—Compressor —4-Way Valve _ Capacity |COP
s | —4-WayValve Heat Exchanger (kW)
e |Diameter| Velocity |Diameter| Velocity | Diameter| Velocity [Diameter| Velocity
(mm) | (m/s) | (mm) | (m/s) | (mm) | (m/s) | (mm) | (m/s)
9.52 20.84 15.88 9.73 9.52 10.82 9.52 10.32 4.815 {2.90
9.52 20.87 15.88 9.76 9.52 10.96 12.7 5.53 4.286 12.94
3 12.7 14.03 12.7 16.05 9.52 11.68 12.7 5.93 5.365 [3.20
Table 4 Effect of refrigerant pipe diameter on heating capacity and COP
Suction Line Discharge Line
C Finned-tub 4-Way Valve— )
ined-iube 4-Way Valve Compressor Y Heating
a | Heat Exchanger Double-tube i ,
—Compressor —4-Way Valve . Capacity |COP
s| —4-Way Valve Heat Exchanger (kW)
e | Diameter| Velocity |Diameter| Velocity |Diameter| Velocity | Diameter| Velocity
(mm) | (m/s) | (mm) | (m/s) | (mm) | (m/s) | (mm) | (m/s)
1 9.52 24.03 15.88 9.43 9.52 9.86 9.52 9.42 6.030 ]3.09
12.7 14.66 15.88 9.61 9.52 10.12 9.52 9.77 6.790 13.34
3 12.7 14.58 12.7 1551 9.52 10.41 12.7 5.23 6.755 13.40
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