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Application Effect of Greenhouse Root Zone Thermal Environment
Control System with Latent Functionally Thermal Fluid

Wang Yuxin Liu Shuang Wang Pingzhi Shi Guangying
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In order to explore an energy-efficient thermal environment control model in greenhouse, the
application of thermal environment phase change control system was studied in solar greenhouse. A solar
greenhouse root zone thermal environment control system was designed and built, including the phase
change thermal unit, latent heat storage and exchange unit, root temperature control unit, circulation
pump group and circulation pipeline. The latent functionally thermal fluid was used as liquid heat
transferring medium in the heat collection, delivery and release of solar radiation. The system included
three different work modes, and the thermal performance testing project was formulated. In winter of
2014, the operation performance of the designed system and application effect on lettuce seedlings were
tested through controlled experiment of three different operation conditions, using two greenhouse models
with the same construction and root zone thermal environment control system. The results indicated that
the designed system significantly reduced the indoor air and shallow substrate temperature fluctuations in
experimental greenhouse model, and significantly lowered the everyday highest indoor temperature and
obviously increased root zone temperature of root zone substrates in winter, thus improving balance of
temperature distribution among substrate layers with different depths. During the whole winner test
process, the everyday highest indoor air temperature and the average fluctuation range of air temperature
were averagely decreased by 7.2% and 5. 1% , respectively, and the average 20 c¢cm depth root zone
temperature and the average fluctuation range were increased by 15.1% and 39.0% , respectively.

Among the three operation stages, system performances of the stage with flow rate of 3 ~4 L/min was the
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optimum one, with the most obvious increases of average temperature and average fluctuation range of

20 cm deep substrate, as well as the most significant rise in reduction percentages of temperature

differences between 5 cm deep and 20 ¢cm deep substrates. In addition, the plant height, stem diameter,

leaf area per plant and width of maximum leaf of lettuce seedlings in the model were increased by

13.4% , 11.9% , 79. 1% and 35. 3% , respectively. Overall, the effect of the system was remarkable in

sunny days. In conclusion, the phase change heat collecting system can effectively control the air the root

zone thermal environment in greenhouse and promote seedling growth of vegetables.

Key words: solar greenhouse; root zone; thermal environment; phase change thermal energy storage;

regulatory system
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Fig.2 Schematic diagrams of inner structure of
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spiral-tube heat exchanger with latent heat storage
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Fig.3 Schematic diagrams of root zone thermal

environment control system
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VORE I 2. A AR 4R BV A

KOS MR B R, &l 7 36 AR ST i
ZE AP0 T A B R S A R RO
T 5 A 2T A R 0.5 em P T AL
R R 8 AR B I A S Ry B i T AR gk B
o R S E R A R, B x B x 2737
AN B= N T 2 ey SRR R 1 T 2
2.5 HELKETZE

1 AR A% A il B SR A 10 min ARG S A
T BAEAE Dy S A SRIBCE B EAE iz 0 & 4
B 10 min fR388 BE , JFRE L T 05 22 20 M o K il S L
A ] — P A 305 32 0 5 SR 4 ) 5 40 SR B P4 B Sy A
A ST R A 1

¥ FH A Microsoft Excel 2003 R4z U6 £ 38 5%
P55 B, SR HIBAE SPSS 190 JEAT X FE 1 56 A
SEREAS T RG8 J5 2653 B, 7E 0. 05 7K F AT i3 20
0] BRZH KA 1 25 v 2 R R

F S8 aa AT M TT 0 BT, 15 50 %8 A58 28 iy ek A7
1028 Hh s S BE S AR TR 4% 95 0 0 06 i BE AT R LE
ST WA A ) I RS T A0 O T S 2 A AP T W 2
S, DUHRRR 50 2ok R v 55 B 438 A0 e 5 4 22 R 5
I RGEIRE

3 RREBEITEXSH

3.1 RFEBITHMRIMESHIILL

WEIFHAT T 2015 4F2 H 1L H(Zw)—2 A2
(5 ) X PR T80 4% 3500 70 7 285 00 i i J3E B A % EE,
R UPR. TS EREN, RG st Bt th
AT, PRS2 A 2 AL 358 P9 BE L G 45 PR BE 45 4% 3 0
3 35 TGt 2 22 e, R a AR o T DL HE R A R 45 A
SABRTIAL B2 SR RS IR %



5 8 1) EFIR & HOGIRE AR X AT A AL 5 R g it 5 Rg il 299

F1 Z2ZFRAFETIAREZBINBETHEE

Tab.1 Average temperature of different parts in two greenhouse models before system operation C
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Fig. 8 Changes of air and substrate temperature in two greenhouse models
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Fig. 9 Changes of air and substrate temperature in two greenhouse models
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Tab.2 Changes of indoor air temperature in two greenhouse

models under 15 W pumps running condition C

. X 1 L% A 58
B RIE FH RS RIE P
2015 -02 - 04 (#%) 34.2 -3.0 9.6 31.8 -3.3 8.5
2015 -02 - 05 (i) 45.9 -3.9 13.2 41.2 -4.2 11.6
2015-02-06(£2z) 40.6 -3.6 10.8 38.4 -42 9.6
2015 -02-07(F4) 29.8 -1.7 6.9 30.7 -3.0 6.3

R3I BWERRETEFHTREEREXREEREESZW

Tab.3 Changes of substrate temperature in two greenhouse models under 15 W pumps running condition C

5 cm IR

20 cm TR BEF

H 3 X ML 2 g & X ML 2 i &
4] A 2 4] A -1 4] A -2 4] A -4
2015 —02 - 04 26. 1 -1.4 9.1 20.3 -1.1 7.7 2.5 0.0 1.3 3.7 0.5 2.2
2015 —02 - 05 34.9 -1.9 120 28. 1 -1.5 10. 3 3.8 0.5 2.4 5.0 0.7 3.0
2015 —02 - 06 31.0 -1.3 10. 8 24.9 -1.1 9.2 5.3 2.5 3.9 5.3 1.8 3.8
2015 —02 - 07 23.7 1.4 8.0 20. 6 0.6 7.1 10. 1 4.3 6.6 7.0 3.9 5.1
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x4 IOWERRRETERGTREREREEATSEETH
Tab.4 Changes of indoor air temperature in two greenhouse

models under 30 W pumps running condition C

X M & 5 i %
i ik VY & R P
2015-02-09(h5) 40.8 -4.7 10.6 37.2 -5.5 9.3
2015-02-10(H5) 455 -3.8 12.1 42.4 -4.4 11.1
2015-02—11(H5) 49.9 -1.8 16.3 44.9 -2.4 14.5
2015-02—12(H%) 46.8 -2.4 13.4 42.1 -3.3 12.3

H )

x5 OWIERRE

W T PR, R s iTBr B, i KA T,
5 em PRJEAL TR I 5 B H P K R R IR ==
FEIREAR 1. 9°C 520 em P AL, 150 il % i H R
Y BE X R % TR 0. 8°C

55502 AB BB, 60 W 1E 3 9 45 17 45 14
AR AN [ R E R 0 A S ¥ 7, 9 Ho i
Ko id 25 20 em PR AR FE 5 Pl R H T O R G
=, UL R GE n] 52 LB 1 ¢ HI S A T ROR  BE

TEHETREERAXREEREETH

Tab.5 Changes of substrate temperature in two greenhouse models under 30 W pumps running condition C

5 em R 20 em IS
H 9 X M R = X M I i
e Ak FH 45 Ak FH 45 Ak FH 45 Ak P
2015 - 02 - 09 35.6 -2.4  1L5 26.9 -1.9 9.5 6.5 4.0 5.5 7.1 3.8 5.8
2015 -02 - 10 39.8 -1.4 129 30.7 -0.9 110 7.3 4.8 6.2 8.0 4.6 6.6
2015 -02 - 11 4.1 0.7 16.7 32.7 1.0 13.9 8.9 5.8 7.5 9.9 6.0 8.2
2015-02-12  42.5 0.4 14.8 31.2 0.8 12.9 9.4 7.2 8.5 10.5 7.4 9.2

Fz6 OWRBRREITRUGTHEERBRENTSEETN
Tab.6 Changes of indoor air temperature in two greenhouse

models under 60 W pumps running condition C

X} i
B AR P R RIE T
2015 -02 - 13 (i) 42.4 -3.4 12.6 38.6 -4.5 10.8

R

2015 -02 - 14 () 37.3
2015-02-16(£ =) 451 -2.1 16.4 40.9

-1.4 12.0 351 -2.3 11.1
-2.4 15.3

RT 60WERRIE

AR IR E R
4.3 ZFZAEEBETHEEREANEHEEKE

HiEtRH
4.3. 1 XF SR AR SR AT Rk R 2R Y R )

QU SANERNL /S RIES A PO A N I (U
KL Fros, AT 2 A 3 H Wi 2 B 80 vb 4 i Y bk
BOEHY LR EER ., RAREEMPE,2 A7
H a9 Ul 2 400 1A Ak e R SRS A S OR L M e T

THREGETREEEREREEREBEETL

Tab.7 Changes of substrate temperature in two greenhouse models under 60 W pumps running condition C

5 em R 20 ecm BB
H i PO TIES IR = X R 2 IR =
e A% 1 e A% 1 e A% 1 e A% iy
2015-02-13 38.8 -0.6 13.9 29.4 -0.1 11.7 9.0 6.8 8.1 9.8 7.1 8.9
2015-02-14 34. 4 0.8 13.2 27.4 1.3 11.6 8.3 6.6 7.8 9.6 6.9 8.6
2015-02-16 40.7 -0.5 15.8 31.0 0.5 13.2 7.4 4.1 5.5 13.6 4.5 8.1
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Fig. 10 Comparison of seedling height changes of lettuce
in two models
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Comparison of stem diameter changes of lettuce

Fig. 11

in two models
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Fig. 12 Comparison of seedling leaf growth changes

of lettuce in two models
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Comparison of seedling leaf size changes of

lettuce in two models
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