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Fig.1 Structure of dehumidifying and cooling system for
greenhouse
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Table 1  Arrangement of multi-factor orthogonal experiment
RIS WHIR AO0) ENEURE aes)  gnsci s wrore T IR g or o
1 12) 1(1.764) 1(31-32) 1(32-33) 1(68-72) 1(32)
2 1 1 1 1 2(77-80) 2(40)
3 1 1 2(36-37) 2(37-39) 1 1
4 1 1 2 2 2 2
5 1 2(2.94) 1 2 1 1
6 1 2 1 2 2 2
7 1 2 2 1 1 1
8 1 2 2 1 2 2
9 2(3.478) 1 1 1 1 2
10 2 1 1 1 2 1
11 2 1 2 2 1 2
12 2 1 2 2 2 1
13 2 2 2 2 1 2
14 2 2 2 2 2 1
15 2 2 1 1 1 2
16 2 2 1 1 2 1
F2 ZEAREXABLER
Table 2 Result of multi-factor orthogonal experiment
e F 4 Fx4 B Z=% D =5 C E 25%] 4% BxC BxE DxC DxE %5 Wai e
AR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 /% JE/C
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 63 26
2 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 68 26.6
3 1 1 1 2 2 2 2 1 1 1 1 2 2 2 2 62 294
4 1 1 1 2 2 2 2 2 2 2 2 1 1 1 1 67 30.2
5 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2 62 25.8
6 1 2 2 1 1 2 2 2 2 1 1 2 2 1 2 64 26.2
7 1 2 2 2 2 1 1 1 1 2 2 2 2 1 1 63 29.4
8 1 2 2 2 2 1 1 2 2 1 1 1 1 2 2 68 304
9 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 62 25.6
10 2 1 2 1 2 1 2 2 1 2 1 2 1 2 1 67 26.4
11 2 1 2 2 1 2 1 1 2 1 2 2 1 2 1 64 29.6
12 2 1 2 2 1 2 1 2 1 2 1 1 2 1 2 66 30
13 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 61 25.6
14 2 2 1 1 2 2 1 2 1 1 2 2 1 1 2 68 26.8
15 2 2 1 2 1 1 2 1 2 2 1 2 1 1 2 65 29.8
16 2 2 1 2 1 1 2 2 1 1 2 1 2 2 1 66 30
K 517 519 520 515 518 522 521 500 515 519 519 512 522 520 517
K> 519 517 516 521 518 514 515 536 521 517 517 524 514 516 519
R 2 -2 -4 6 0 -8 -6 36 6 -2 -2 12 -8 -4 2
S; 0.25 0.25 1 225 0 4 225 81 225 0.25 0.25 9 4 1 0.25

T KRR LACPZH, KRR 2 KPR, R ERWE, S=RY/16: A Foni 3k, B ik 0%,

C R SRR, DR
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Table 3 Variance analysis
J7 KR PR 1 i BRI F 18 B I A
A 0.25 1 0.25 0.36
B 225 1 225 3.27 W
C 81 1 81 117.82 LaTES
D 4 1 4 5.82 BB
E 2.25 1 2.25 3.27 B Foor(14)=212
F 0.25 1 0.25 0.36 Fou(1,4)=4.54
FxA 1 1 1 1.45 Foos(l,4y=1.81
BxC 9 1 9 13.09 B
BXE 4 1 4 5.82 B
DxC 1 1 1 145
DxE 0.25 1 0.25 0.36
AR5 110.25 11 10.02 14.57
W 2.75 4 0.6875
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Table4 Table of main influencing factors

Zi(X)) BRNZSEE/C OSSR/ % D ¥R E/C E VBT R %
Zu(-1) 31 70 32 32
Zx(1) 36 78 38 40
Z(0) 335 74 35 36
A 2.5 4 3 4
i A Xi=1/2.5(B-33.5) X=1/4(C-74) X:=1/3(D-35) Xo=1/4(E-36)
5 L
Table 5 Result of experiment
USass Xo Xu(B) X(0) X3(D) XuE) XX XiXa st H P AR % AT PR C
1 1 1(36) 1(78) 1(38) 1(40) 1 1 1 66 30
2 1 1 1 -1(32) 1 1 1 1 66 29.8
3 1 1 -1(70) 1 -1(32) 1 1 1 65 29.6
4 1 1 1 -1 -1 1 1 1 60 29
5 1 -131) 1 1 -1 1 1 1 72 27
6 1 1 1 -1 -1 1 1 1 70 26.8
7 1 1 -1 1 1 1 1 -1 64 262
8 1 1 1 1 1 -1 1 1 62 25.6
9 0(33.5) 0(74) 0(35) 0(36) 0 0 0 64 28
10 0 0 0 0 0 0 0 63 27.8
11 0 0 0 0 0 0 0 65 282
K 525 257 274 267 258 260 260 263
K 0 268 251 258 265 265 265 262
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R Xo Xi(B) X(C) X3(D) X(E) XX, XXy &l H SR/ % A H O/ C
B; 525 -11 23 9 -5 -5 -5 1
b, 65.625 -1.375 2.875 1.125 -0.625 -0.625 -0.625 0.125
o) 34453.12 15.12 66.125 10.125 3.125 3.125 3.125 0.125
T Ky FOREZ 1 KPR, K RoRE 3 2 K TP, B=K\-Ky, bR ITa 25, O mm bl I5 .
Fz6 HESNE
Table6 Variance analysis
SEITAI R BRI F1H BE I FHE
B (HEAZ L) 15.125 1 15.125 121 BB
C (S AR 66.125 1 66.125 529 LaTES Foos(1,1)=161
D CHHERED 10.125 1 10.125 81 EdTES 1;(;12(5}11{;259;28
E CAOWIRED 10.125 1 10.125 81 e R
BxC (X HNZETD) 3.125 1 3.125 25 —
. . Fo05(6,1)=234
BxE (A HKHZI) 3.125 1 3.125 25 — i Fo.(6,1)=58.200
SSR ([R5 71 107.750 6 17.958 143.664 LT F.5(6,1)=8.980
SSE (R 22>FJ5 AD) 0.125 1
SST (A& 57F- 77T 107.875 7
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Table 7 Test for dehumidifying model under CaCl, liquid spraying

WO VA oo I A H I 2SR % e o

R ORE . . § R/ C . 2806117 25/ %% R 25/ %
Wi RO SR % VL R T % S ARz R 75 1% AHXTIRZE%

1 1(30) 1(70) 1(32) 1(32) 62 63 1 1.61

2 1 1 1 2 62 64 2 32

3 1 2(78) 2(38) 1 71 72 1 1.41

4 1 2 2 2(40) 70 71 1 1.41

5 2(35) 1 2 1 65 66 1 1.5

6 2 1 2 2 60 61 1 1.67

7 2 2 1 1 65 67 2 3.08

8 2 2 1 2 64 64 0 0
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Anaysis of influencing factors of dehumidifying and cooling system with
moisture absorbent spraying for greenhouse

Chen Chuanyan?, Zhao Chunging**, Zhang Jiyuan?, Ding Shufang?, Xu Jun?
(1. Hubei Water Resources Technical College, Wuhan 430070,China; 2. College of Engineering and Technology, Huazhong Agricultural
University , Wuhan 430070, China)

Abstract: In order to solve the cooling problem for greenhouse in the humid and hot area in summer, liquid
dehumidifying and cooling system with CaCl, liquid was proposed. Under the condition that the dehumidifying and
cooling system was operated in greenhouse, the experimental target about the relative humidity of the air on the spray
room exit was determined, and the factors affecting on the experimental indexes were analyzed, such as inlet air flow,
liquid desiccant flow concentration and temperature, inlet air temperature and humidity and so on. By the single factor
and multi-factor orthogonal experiment, when the system was operating, the significant factors included desiccant
concentration and temperature, inlet air temperature and humidity. Through the regression analysis, the mathematical
model of spraying and dehumidifying with CaCl, was established and verified, and the maximum relative error of model
was less than 5%. This paper provides a reference for greenhouse cooling under high temperature and high humidity
condition in summer in the South China.

Key words: greenhouses, cooling systems, CaCl,, dehumidifying, liquid desiccant



