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Numerical Analysis for the Heat and Material Balance in

the Heat Exchanger with Heat Pump
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Abstract : The air conditioner is a technology that cross-exchanges air inside and outside the building and
improves the energy efficiency of the building. In addition, a technology for connecting a heat pump has
been proposed to improve the temperature exchange efficiency of an air conditioner. In this study, the air
conditioner system was divided into a model to which no heat pump was applied and a model to which
a heat pump was applied; in addition, a numerical analysis model was constructed using the
Peng-Robinson equation and the IDEAL equation. In the case of the applied environment, the results of
the relative humidity of 35%, 40% and 45% were compared, and it was confirmed that there was a
difference of about two degrees depending on the state equation used. In this analysis, the General (A)

mode and Bypass (B) mode of the air conditioner process were analyzed using the Peng-Robinson state

equation.

Key Words : Peng-Robinson, Ideal gas equation, Supply air, Relative humidity, Air handling unit
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Fig. 1 System configuration of heat exchanger

Table 1 Parameter of boundary conditions

Conditions Value
Room Temperature (C) 27
Outer Temperature (C) 35
Relative Humidity (%) 35, 40, 45, 50, 55
Pressure (kPa) 100
Flow Rate (m*/h) 200
Operating Mode General/Bypass
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Fig. 2 Design of the heat exchanger with the

operation mode A and B

Table 2 Configuration of unit operation

: Unit . .
Equipment Operation Specification
Main Heat | Heat Fixed temperature in
Exchanger | Exchanger | cold-side outlet
Evaporator Heat Fixed vapor fraction

P Exchanger | in cold-side outlet
Condenser Heat Fixed vapor fraction

Exchanger | in cold-side outlet
Compressor | Compressor | Fixed pressure ratio
Expansion Valve Fixed out pressure
Valve
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Table 3 Computed temperature for supply-air by
each EOS and RH%

Method
RE% Peng-Rob IDEAL
0
35% 8T 6T
40% 11T 9T
45% 14C 11C
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gz AAsle A dugh] 34 JEFPZY
Ae AFstA AA Azde ZTAHALAE SAEH
A Aot & EFPZ Fr|e $F7]E A
37 YA dusr] RES AFEF o] ofy
g 3|E] RES AMESt EXE 54, X 7Y
BES oS 49 9 4 2dEE 4Esta &
TFAol A o] g3 AA7} o] Fojx o} i}

SIERZ o] THr)et $&719 F7] & =1
< RI134A YujE ol&atioH, dE7Es &=
7] Agoz 345 th aAAAY ¢, )
o FEFE 30 kg/hrZ TAHIY YHE 4 barE I
Ao 4EF7) AGL 100% Z1AR FFss
AA R Z7] 2L 12 135ty ggi =4S
A8l om, Table 49} 2t ¢EF719 =1L
SHERY ¢=r] 2dS AAEAL, EE o
g AAzRACRE AdHuE 42 AT VR B
49 M8 9 28 2HL 100%=E 7S =



A - Y M-

Table 4 Boundary conditions for coolant

o|M7| - Z2H

Table 5 Boundary conditions for process air

Value return-air outdoor-air
Temperature, C 10 Temperature, C 27 35
Pressure, kPa 400 Pressure, kPa 100 100
Vapor fraction 1 Total flow m*/hr 200 213
Total flow, kg/hr 30 H,O frac 0.0077 0.0122
R134A fraction 1 Air frac 0.9923 0.9878
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Table 6 The result of calculated performance for

heat exchanger

A HESZT|

Table 8 The result of calculated performance for

expansion valve

Value Value
Calculated heat duty, kW 1.2417 Outlet pressure, kPa 400
Required exchanger area (m?) 0.0884349 Pressure drop, Pa 1.2e+06
Corrected LMTD , C 16.5187 Outlet temperature, C 9.03274
Outlet vapor fraction 0.38422
Table 7 The result of calculated performance for In Out
Mole flow, kmol/hr 0.294027 | 0.294027
condenser
Mass flow, kg/hr 30 30
Inlet Outlet Enthalpy, kW 743251 | -74.3251
Hot stream OA SA-1
Temperature, C 35 32.0704
Table 9 The result of calculated performance for
Cold stream RA EA-1
o evaporator
Temperature, C 27 30
Heat duty, kW 0.194533 Inlet Outlet
Hot stream SA-1 SA-2
cgulE e Wade 2o FAT AgHes = Temperature, C 32.0843 19.243
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Table 10 The result of calculated performance for

compressor
Isentropic Duty, W 241.429
Heat Capacity Ratio 1.15973
Inlet Outlet
Flow rate, m’/hr 1.56158 0.380802
Compressibility factor | 0.905484 0.74449
Mole flow, kmol/hr 0.294027 0.294027
Mass flow, kg/hr 30 30
Enthalpy, kW -73.3248 -73.0834
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Table 11 The capacity and COP of main device for

operating mode A

RH (%) 35 40 45 50
HEX. W | 1945 | 1945 | 194.6 | 194.7
Cond. W | 1242 | 1242 | 1242 | 1242
Eva. W | 1000.3 | 1000.3 | 1000.3 | 1000.3
Comp. W | 2414 | 2414 | 2414 | 2414
COP | 5.14 | 514 | 514 | 514

Table 12 The capacity and COP of main device for

operating mode B

RH (%) 35 40 45 50
Cond. W | 10952 | 1241.7 | 1241.7 | 1241.7
Eva. W | 878.6 | 1000.3 | 1000.3 | 1000.3
Comp. W | 2214 | 2414 | 2414 | 2414
COP | 495 | 514 | 514 | 514
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