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Parameters Optimization of Greenhouse Air-cooled Condenser Heat
Collection and Release System by Response Surface Method
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Abstract; To maximize the performance of the air-cooled condenser heat collection and release system,
with the goal of improving heat transfer rate and COP, three key influencing factors, i. e. , the air and
circulating water temperature difference (air and water temperature difference) , water flow velocity and
air velocity were selected as independent variables, and the best control parameters were obtained through
the three-factor three-level response surface method (RSM). The results showed that under the condition
of constant water flow velocity and air velocity, heat transfer rate and COP were increased linearly with
the increase of air and water temperature difference. Under the condition that the air and water
temperature difference was constant, the heat transfer rate was increased with the increase of the water
flow velocity or air velocity, but the COP tended to increase first and then decrease. Further, the RSM
was used to draw the significance order of the three factors on heat transfer rate as descending order was
as follows: water flow velocity, air velocity, and air and water temperature difference, the significance
order of the three factors on COP as descending order was as follows; air velocity, water flow velocity,
and air and water temperature difference. The optimal control parameters of the system were: air velocity
of 1.91 m/s, water flow velocity of 1. 23 m/s, and air and water temperature difference of 5. 8°C , under
this operating condition, the heat transfer rate was 5. 88 kW, and the COP was 4. 9. Therefore, it was
feasible to use the RSM to optimize the parameters of the greenhouse heat collection and release system.
This study provided an optimization method of the operating parameters for the efficient and energy-saving
operation of this type of heat collection and release system. The full play of the performance of the air-
cooled condenser heat collection and release system provided data support.
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Fig. 1 Schematic of air-cooled condenser heat collection
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and release system
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Tab.2 Uncertainty calculation data and results
(95% confidence level )

FEHLE,  HE/

KR/ R/ K/

5
C (m-s™") (mes™') (kW-h) kW
1 25.6  0.42 1.55 1.24 — —
2 257 0.48 1. 46 1.24 — —
3 256 0.37 1.42 1.28 — —
4 25.8 0.50 1.42 1.34 — —
5 25.9  0.47 1.42 1.35 — —
6 259 0.48 — — — —
7 25.9  0.44 — — — —
8 25.9  0.59 — — — —
9 25.9  0.41 — — — —
Uy, 0.02 0.010 0.015 0.016 — —
Ug 0.46 0.006 0. 001 0. 044 — —
U/% 1.8 2.5 1.2 3.6 12.0 12.6
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Fig.2 Heat transfer rate and COP under different

water and air temperature differences
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Fig.3 Variation curve of air and water temperature
difference in CSG with air-cooled condenser heat

collection and release system
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U= il
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0.25X,X, +1.25X,X, +0. 095X -
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*3 EXAWEHTEER

Tab.3 Design and results of response surface analysis

[e=) X, X, X, Y, /kW Y,
1 -1 -1 0 1.13 2.2
2 1 -1 0 10. 69 3.5
3 -1 1 0 6.06 4.2
4 1 1 0 2.02 7.4
5 -1 0 -1 4.74 1.1
6 1 0 -1 8.55 2.6
7 -1 0 1 3.21 5.0
8 1 0 1 2.72 7.6
9 0 -1 -1 5. 84 1.5
10 0 1 -1 7.71 1.9
11 0 -1 1 5.11 2.1
12 0 1 1 6.50 5.1
13 0 0 0 6.06 5.4
14 0 0 0 1.18 5.6
15 0 0 0 2.12 5.7
16 0 0 0 6.17 4.4
17 0 0 0 2. 60 6.0

P i 5 VERE RBCL PR R A RSN
Y, = =0.611T, -T,1 =2.39 +4. 710, +
0.7017, =T, lw +0. 1417, = T, lv, +2. 20wv, +
0.0241T, - T,1% - 1. 240* =2. 05> +0.27  (12)

Y,=-0.70IT, - T,| +3.62w +4.29v  +
0.3917, - T, 1w +0. 151, =T, lv, +1. l4wv, +
0.04 1T, -T,1° =3.390° =1.7302 -0.77  (13)

M [0 TR — IR AR 5 25 T A SR WLk 4 5, A
P <0.01, Ui DB AU P i S PR e R AR & B
X, RAI P >0.05, EHAE H22E5 R RIS
BRI E B RN 0.963 6 F110.915 8, KM
M) 10 1L B4 28 AL AT 96. 36% 1 91. 58 % K IR T Fir #E AR
S, TR AT SR T AR DG . FR LT I, %
B R  REIER s e v, Y, 5 X, X, X, ZI[H]
I, AT LIRS 0 i R0 S0 25

T4 RARBEEAEETEN
Tab.4 Analysis of variance ( ANOVA ) of heat transfer

rate regression model

miH SFTM HBE B F P
X, 12.53 1 12.53 20.15 <0.01*
X, 46.91 1 46.91 75.46  <0.01*
X, 31.48 1 31.48  50.64  <0.01*
X, X, 2.96 1 2.96 4.76 0.07
XX, 0.26 1 0.26 0.41 0.54
X, X, 6.27 1 6.27 10. 09 0.02"
X2 0.04 1 0.04 0.06 0.81
X2 0.90 1 0.90 1.45 0.27
X3 13.48 1 13.48  21.69  <0.01*
HELRY 115.19 9 12. 80 20. 59 <0.01™
PR 2.55 3 0.85 1.89 0.27
Gk 4.35 7 0.62
Bz 1. 80 4 0.45
JER= s 119. 54 16
R? 0.963 6

e FRMEE(P<0.01), * FREFE(P<0.05), R,

5 MERHOEERRTESNW
Tab.5 Analysis of variance (ANOVA) of COP

regression model

Wi H SEE O AmE s F I
X, 9.25 1 9.25 11. 68 0.01"
X, 10. 81 1 10. 81 13.66  <0.01*
X, 20.16 1 20.16  25.47  <0.01*
XX, 0.90 1 0.90 1. 14 0.32
XX, 0. 30 1 0.30 0.38 0.56
X, X, 1. 69 1 1. 69 2. 14 0.19
X3 0.11 1 0.11 0.14 0.71
X3 6.68 1 6. 68 8.45 0.02*
X3 9. 60 1 9. 60 12. 13 0.01"
LAY 60. 29 9 6.70 8.46 <0.01*
JAUI 4.05 3 1.35 3.63 0.12
i 5.54 7 0.79
iR 2 1.49 4 0.37
e 65.83 16
R? 0.9158
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Fig.6 Response surface diagrams of interaction influence between factors
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