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Prediction of outlet air conditions on fin tube cooling coils

under highly moist inlet air conditions
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Abstract

The objective of this research is to study on the prediction of outlet air conditions such as
specific humidity and dry-bulb temperature in wavy finned tube cooling coil. Heat transfer analysis of
the cooling coil model is base on logarithmic mean enthalpy difference(LMED) method. To validate
this model, the predicted outlet air conditions must be compared with experimental data. The cooling
coil was tested under inlet air conditions which dry-bulb temperature from 27°C to 40'C, relative
humidity from 50% to 100%, and frontal air velocity from 1 m/s to 3m/s; in summary, the result of
predicted outlet air dry-bulb temperature yields values with discrepancy ranging from -1.40% to
10.40% and Mean Absolute Error(MAE) of 3.49%; furthermore, the discrepancy of the predicted value
of outlet air specific humidity ranges from -10.89% to-0.27% and MAE of 5.26%.

Keywords: cooling coils; logarithmic mean enthalpy difference(LMED); air condition; wavy fin
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30 T
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] AMBSUNYE AN
~ -1.40 % o
O 257
g% 20 1 A surface area [m’]
Q m
g 5 b/ parameter defined in Equation 3
[0 — )
~ 1 MAE=3.49% Cp specific heat at constant pressure
10 A
] [kJ / kg - °C]
5 T T T T T T T T T T T T T o .
b slope of saturated specific enthalpy line

5 10 15 20 25 30 35 40

Experimental t,, (C) evaluated at mean water film

< o ~ temperature [kJ /kg-°C
JUN 4 NMIYNUNEUNYNVRIDINIATIDDN(t,,) P W ike -l

D diameter [m]
0.040 f friction factor
. 0.27% F correction factor
: 2
30.030 A A G air mass flux[kg /s -m”]
f% | £ )2 h enthalpy [kJ/kg,,] , heat transfer
) ¢ -10.89% . )
¥ 0.020 - coefficient [kW / m* - °C]
< | he, convective heat transfer coefficient for
2 outside surface of the cooling coil
£ 0.010 1 MAE= 5.26% ,
[kW | m*-°C]
hoy heat transfer coefficient defined in
0.000 Equation & [0 )ik
1on
0.000  0.010  0.020 0.030  0.040 quation 4 [(kW/m™)/ (k] [kgaa)]
Experimental o, (kg,/kgy,) Ah,,  log-mean enthalpy difference[k] / kg ,]
5UT 5 nsvhweaududinzaes Jn dimensionless heat transfer
21NFAV189N(@,,) k thermal conductivity [kW/m-°C]
Le Lewis number [dimensionless]
5.45UNan15nnag 7 mass flow rate [kg/s]
N15ANYINUNAUBLUUI1809UDIABERTIAIY P tube pitch [m]
dudslinszuiunmsnisanglauanuseunelaanig Pr Prandlt number
Aaen WetA1guniiuarA1ANTUIUNIEYDY 0 heat transfer rate [kW]
97In1AvI9eNTlAAINNISHUUIIaRIN LU BUITIBURY p radius [m]
HAIINNITNARDINUIN bUUTIA0IUTAIIUULUEN Re  Reynolds number
ﬂ@u‘mﬂgﬂiuwﬁ%’]u’]EJﬂﬂ']'Jgfz)’]ﬂ’]ﬂ‘U’]E]'e]ﬂ R_H relaﬂve hum|d|ty [%]
t temperature [°C ]
6.NAANTINUTENIA U,, overall heat transfer coefficient
HIIIUYBYBUARL ANLIANITUATOYINYNAINY (kW [ m®) (kT kg )]
UMINYINEYBULAY NATUAYUNIIA1UNUITY v air velocity [m/s]

WONNUVBVOUAN NATVIIAINTIUATOING AR

2 s a o I T 7 Yy thickness [m]
FAINTIUAIARNT UN1INYIAYVOULNU NLDBLND
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oy
a air
av average
D diameter
Dc collar diameter
da dry air
e evaporator, cooling coil
f fin
fr frontal
g dry air
i inlet, inside
/ longitudinal
t transverse
m mean value, measurement
max maximum
0 overall, outlet, outer
p pipe, tube, prediction
r chilled water
s saturate
w wet surface, water film, water
aNWININ

0 fin thickness [m]
w specific humidity, humidity ratio

(kg / kg4, ]

fin efficiency [dimensionless]
p density [kg/m®]
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