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Thermal Design of a Cooling Coil for Building Air Conditioning

Nae-Hyun Kim", Ho-Won Byun'
]Depaltment of Mechanical System Engineering, University of Incheon
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Abstract The surface of the cooling coil becomes dry, wet or partially wet depending on the operating condition.
Thus, a proper design of the cooling coil should include a heat transfer analysis on dry, wet or partially wet surfaces.
In this study, an elementary model, which analyzes the cooling on an elementaty basis, is proposed. Comparison of
the predictions of the model with experimental data of the cooling coil revealed that heat transfer rates were predicted
within 10.1%, airside pressure drop within 11.1% and sensible heat ratio within 5.7%. The model was used to
investigate the effect of water circuitory on cooling coil performance.

Keywords : Cooling coil; Dry; Elementary model; Partially wet; Thermal performance; Wet

1. M2 FiR APS Ste] dojxint

zb -3 daghr)e] 5715 Al teiM s B

AEG 71z W 2de 520907 1 A7) 8o u3-5]. shAuk giyie] o= 7}
E 2k S 2R, WA 2k 9ol wel AEY, 5 A8 Tx)E s A7) e FEE Aee o
®Y Ee ARl gave] FAET nE WeR wdld g8 FaEde-s] AgE 32714 oA
d& AR AASY] fleiMe AEud 29, SE 3 dadld i@ e S8 H2E50] Wang et
A el oid A sl Aasith A% al[9]9) Liu et al[10]& 4% (De=16.6mm) o2 A
W FEY A2 dur|S st AR OR B Ay 9. dusty]e st A 9 FEd A9E
AR T (1) ST A SR NS Sl falsith AW A4S 49 olslolNe D5t 9l
e dudrlE v Ao vhra v Al Ao mAE JFe vuFe nuslh AW 4%
ARHRJMA FHAIAE A $ 24 v hA el el o] Afo] HW jolAlE Do) Zvto) el #4135 7HAs
A3 S FAsks Aol Bos2]. ofF M ok 8 SRS A9 BE A 57104
T AEdd sane] e e v EAAFE U o mxe 9IS A% 4SS Bustith Kim et al
2] ofof szt o= daghy] Algo] gk AR B (11, 12]1% 917 159 mmE AHEE o] W7 dwsh

B

Corresponding Author : Nae-Hyun Kim (Incheon Univ.)

Tel: +82-32-835-8420 email: knh0001@jincheon.ac.kr

Received June 10, 2015 Revised August 21, 2015
Accepted October 8, 2015 Published October 31, 2015

6445



A 71E8 8] =2 A Al6d A10E, 2015

h=3 =
Fgsto] Wrmdel &3 27 A Al wAle
FHS ARSI ¥ B A8 228 draYe
AA B A sl AR ¢ lE Aol
2, D|&aXHH 2=

Fig. 19 w]2A%] Rl A }%D} ulA AAL 1
e A 17)9 BrE TR
A W AL v AollA ?ét}

Qi :e(mcp)min(j—;z,i - ]171;4,1',) (1)

7|1 QE mAaAH] AL (W), e FEE
i (kgs), ¢, = 119 (keK), 7,5 %

), 7, 97 & 2% (Kelth 4uf dud] (&
F-E3hHe] FEEE olgl9) e-NTU Aol A FFT}
[13].

e=—s - — @

1 NTU " {_-R- NTU  NTU

(’I’;'ZC )min
R=—""= A3)
(mcp)max
NTU= .LA 4)
(mcp)min
1 1 t 1
TA A R hA ©)

rr

& (Wm'K), 7,5 9 &8, h,
371 AGASF (Wm'K), 4,5 871%F Ag dz
H

771] (m), k’C AEE (W/mK), Am%

&

6446

ma’ ];1.,1" la,i
= Lo
mm > ]—;v,i
]—:1,0’ ia,o
Fig. 1. Elementary model of a fin-and-tube heat

exchanger
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Fig. 2. Wave fin geometry tested by Kim et al. [10, 11]
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Fig. 3. j and f factors of the wave fin-and-tube heat
exchangers tested by Kim et al. [10, 11]

Table 1. Constants of j and f polynomials
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Fig. 4. Geometry of the cooling coil tested at KRAAC
(unit: mm).
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Table 2. Measurements and predictions of thermal

performance of cooling coils
Air/
watelr item measure-ment  prediction %error
velocity
(m/s)
QudW) 4152 3949 5.4
Quens/Quir 0.93 0.78 57
Quated W) 4375 3940 11.0
0.5/0.5 AP;(Pa) 6.9 7.0 -0.14
APyyee(Pa) 3.0 2.89 38
Quiriwel(W) 4152 4000 3.7
Quens/Quirivet 0.93 0.68 26.9
QuiW) 6652 6510 22
Quens/Quir 1.0 0.86 42
Quated W) 6979 9510 72
1.00.5 APi(Pa) 193 220 123
APyyee(Pa) 3.0 2.89 38
Quirwet( W) 6652 6596 0.8
Quens/Quirvet 1.0 0.69 31.0 L L S B N
QuiW) 8704 8280 5.1 (b) half circuit
Quens/Quir 1.0 0.95 0
Quatel( W) 9133 8280 103 /_\\\_///
1.50.5 APyi(Pa) 373 420 -11.1 (!
APyyee(Pa) 3.0 2.89 38 Q< e
Quiriwel(W) 8704 8297 47
Quens/Quirivet 1.0 0.71 29.0 ;,C
Qui(W) 10529 9960 57 -
Quens/Quir 1.0 1.0 - Q“ I
Quated( W) 10886 9960 9.4 _ @
2.00.5 APi(Pa) 60.3 67.0 -10.0 fw A7
APyye(Pa) 3.0 2.89 38 = @P
Quinwe(W) 10529 10074 43 A28
QundQuirver 10 0.72 28.0 C
QW) 11461 10710 7.0 AT
Qs Qi 10 093 - @h -
Quated( W) 12111 10710 13.1 o
2.0/1.0 APi(Pa) 60.3 67.0 -10.0 ©><- - Q
APyuePa) 11.0 10.5 48 .
Quiriwel(W) 11461 11213 22 mer e
Quens/Quirivet 1.0 0.65 35.0

Fig. 5. Waterside circuits considered in this study
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Table 3. Thermal analysis of cooling coils having Table 4. Thermal analysis of cooling coils having
different tube side circuits (effect of water different tube side circuits (effect of water
inlet temperature) velocity)

Twi . full half quarter Viater .

(°C) ttem circuit circuit circuit (ms) item full half quarter
QW) 26678 23088(0.87)* 18716(0.7) QW) 13067 12387(095)" 11004(0.84)
Quens/Quir 0.72 0.79 0.86 Quas Qe 10 10 10

5 APyi(Pa) 76.3 76.2 760 0.5 AP,i(Pa) 7591 75.86 75.74
APyare(Pa) 33 6.09 122 APyee(Pa) 330 5.95 9.52
Tuo(°C) 9.2 124 16.9 Tuo(°C) 15.1 16.95 20.02
Qui(W) 19594 17624(0.9) 14894(0.76) Qur(W) 15242 14725(0.97) 13308(0.87)
Quens/Quir 0.82 0.88 0.91 Quens/Quir 0.93 0.94 0.98

9 APyi(Pa) 76.2 76.0 759 1.0 AP,i(Pa) 75.99 75.95 75.89
APye(Pa) 33 6.09 122 APyyee(P2) 10.07 2175 34.80
Tuo(°C) 12.1 14.5 18.5 Tuo(°C) 1422 1536 17.24
Qi(W) 11221 10623(0.95) 9432(0.84) Qui(W) 15964 15635(0.98) 14880(0.93)
Quens/Quie 1.0 1.0 10 Quen/Quir 0.92 0.92 0.93

15 APyi(Pa) 76.0 758 721 L5 AP,(Pa) 76.02 76.00 75.95
APyye(Pa) 33 6.09 122 APye(P2) 19.95 40.55 64.88
Tuo(°C) 16.8 184 210 Tuo(°C) 13.87 14.66 16.16

*denotes the ratio of heat transfer rate compared with that of the
full circuit

+ half circuit®} quarter circuit®] full circuit & =Fe]
87 ~ 95%, 70 ~ 84%US JMIE}. o] Fig. 59 YE
Aol full circuit®] & = 3|27} tiFFlel Hst
o] half circuit¥} quarter 01rcu1t-4 3 2= e} Ha)
F7F A o E full circuit®] F+E%7F half
circuit®] 4} quarter circuit® T} 7] wiFolt} X T}
o] 2+ Table 3¢ YE} 915%9] full circuitell A half

circuit, quarter circuit®. = Z4rE 7 & 2571 SV
ot wEbA 3719F W 2EAF As] wEew

dddn. i =5 e circuite| Al half
circuit, quarter circuit®Z Z4E HA3] Frle=d
ol 8lz29] Zolsk LolA| Wt}

Table 4= & v%% 0.5 m/soﬂ/ﬂ 1.5 m/isE Z7HNA

ét 2.0 m/s, O‘?L 7]
7l 43Tt o] A=
do] S713E 2o

H
2 & 5k ol YT fEo] FHALE

*denotes the ratio of heat transfer rate compared with that of the
full circuit

Table 5. Thermal analysis of cooling coils having
different tube side circuits (effect of air

velocity)
Viir
item full half quarter
(m/s)
Qai(W) 9098 8643(0.95)* 7803(0.86)
Qsens/Qair 0.86 0.93 0.94
1.0 AP,i(Pa) 23.87 23.81 23.77
APyyer(Pa) 3.30 5.95 9.52
Tyo(°C) 14.46 15.71 17.99
Quir(W) 13067 12282(0.94) 11004(0.84)
Qsens/Qair 1.0 1.0 1.0
2.0 AP,i(Pa) 75.91 75.86 75.74
APyer(Pa) 3.30 5.95 9.54
Tyo(°C) 15.1 16.95 20.02
Qair(W) 16542 15333(0.93) 13028(0.79)
Qsens/Qair 1.0 1.0 1.0
3.0 AP,i(Pa) 148.5 148.35 148.10
APyuier(Pa) 3.30 5.96 9.55
Tyo(°C) 15.64 17.88 21.32

*denotes the ratio of heat transfer rate compared with that of the
full circuit

o] i 2EAL FThete] Gl ks, dE
Hl= 7hadtes Aoz Aggt), ¥3k Table 4% half
circuit?} quarter circuit®] full circuit L] 95 ~
98%, 85 ~ 93% U< 104%3}.
Table 55 37 F%< 1.0 m/sollA 3.0 m/sZ S7HA
AL wel Aol # UF & 2% 5°C, B F52
0.5 nvs, Y7 719 2HFE= 27°C/19.5°CE FU3H
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