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Abstract

This paper presents the study of mathematical model for cooling coil in split-type air
conditioner to predict the properties of air passing through the evaporator. The mathematical model
focused on the energy balance and mass balance of refrigerant and air flow in order to predict crucial
parameters affecting the performance of cooling coils in split-type air conditioner such as temperature
and humidity. This is useful in design of cooling coils more efficiently. The results of a prediction were
compared with the experimental results to validate the accuracy of a model. It was found that the
deviation for exit air temperature is within 11.5% and for exit air humidity is within 7.5%.
Keywords: Mathematical model/Heat and Mass transfer/Cooling coil
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2.1.1 Superheated Zone (SH)
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coefficient wagAn hg 1uA air-side heat transfer

coefficient mua1nulaen

dep = Cr (trei - trs) (5)

tatpo = taeo * 9sh /Cq (6)

2.1.2 Two-phase Zone (TP)
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2. Wet two-phase surface (WTP)
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WOE WOE TACE TACE

run MR Pe MAE WIE TAEE EXP MOD EXP MOD
kg/s kPa kg/s kg/kg °C kg/kg kg/kg °C °C
1 0.026 433 0.135 0.019 285 0.014 0.015 19 19.93

2 0.026 452 0.135 0.02 295 0.014 0.016 20 20.82

3 0.024 378 0.135 0.013 217 0.01 0.011 16 15.09

4 0.023 369 0.135 0.014 244 0.009 0.012 153 15.87

5 0.022 430 0.135 0.016 293 0.013 0.013 19.7 17.62

6 0.022 430 0.135 0.016 317 0.013 0.013 19.6 17.54

7 0.019 375 0.115 0.012 26.6 0.009 0.010 145 14.50

8 0.018 348 0.115 0.012 20.7 0.009 0.010 121 1397

9 0.02 388 0.132 0.013 26.3 0.01 0.011 15.5 15.06

10 0.025 423 0.135 0.018 273 0.013 0.014 183 19.20
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A1519% 2 ¥1A1 Root mean square error (RMS)

WOE WOE TAOE TAOE
run EXP MOD EXP MOD
ke/kg ke/kg °C °C
1 0.014 0.015 19 19.93
2 0.014 0.016 20 20.82
3 0.01 0.011 16 15.09
4 0.009 0.012 15.3 15.87
5 0.013 0.013 19.7 17.62
6 0.013 0.013 19.6 17.54
7 0.009 0.010 14.5 14.50
8 0.009 0.010 12.1 13.97
9 0.01 0.011 15.5 15.06
10 0.013 0.014 18.3 19.20
(RMS)error 7.57 115
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A. = total air-side evaporator area (m?)

Ay = total inside evaporator tube area (m?)

A, = total outside evaporator tube area (mz)
Ay = two-phase section of evaporator area (m?)
C = capacity rate ratio = Cri/Crnax

C, = air capacity rate (kW/K)

Crnin = smaller capacity rate (kW/K)

Crax = greater capacity rate (kW/K)

C, = refrigerant capacity rate (kW/K)

fqtp = dry two-phase fraction

fi, = two-phase fraction

fup = wet two-phase fraction

h, = enthalpy of air (kJ/kg)

h.q = enthalpy of air at temperature, t,q (kJ/kg)
haswm = enthalpy of saturated air evaluated at
mean water film temperature (kJ/kg)

hatwo = enthalpy of air at two-phase outlet
(kJ/ke)

Le = Lewis number [dimensionless]

NTU = number of transfer units

NTUg, = number of transfer units of the
superheating region

NTUy, = number of transfer units of the two-
phase region

Pe = Pressure inlet evaporator (kPa)

Oy = heat transfer rate of two-phase section
(kw)

SH = Superheat vapor

TP= two-phase surface

tag = air temperature at the location where
dehumidification just begins (°C)

typi = air temperature at two-phase inlet (K)
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tapo = air temperature at two-phase outlet (K)
Uy, = overall heat transfer coefficient for the
two-phasesurface (KW/m>/K)

W = humidity ratio

Weum = humidity ratio of saturated air evaluated
at mean waterfilm temperature (kg/kg.da.)

€ = effectiveness of heat exchange

&, = effectiveness of superheating section
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&€, = effectiveness of two-phase section

MR = refrigerant mass flow rate (kg/s)

MAE = Evaporator air mass flow rate (kg/s)

WIE = Evaporator inlet air humidity ratio (kg/kg)
WOE = Evaporator outlet air humidity ratio
(kg/ke)

TAOE= Evaporator outlet air temperature (°C)
TAIE= Evaporator inlet air temperature (°C)



