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Development of replaceable phase change heat storage
and release system and its influence on the thermal
environment of solar greenhouse

WANG Derui, WANG Yuxin", CHANG Xuemiao, WANG Qingfeng, WANG Pingzhi
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract In view of the indoor low temperature of solar greenhouse at night in winter in northern China, and
the problem that it is difficult to replace the phase change materials in the phase change system if the
material phase change temperature does not match the actual production needs of the greenhouse in most
phase change systems, an alternative phase change heat storage system is developed, and two types of
phase change materials suitable for the night heating of solar greenhouse in winter in northern China are
identified. The physical properties of phase change materials are measured by differential scanning
calorimetry (DSC). A controlled experiment was conducted to study the effect of an alternative phase
change heat storage system on the night heating of a solar greenhouse in Beijing in winter and on the

growth of tomato. The results showed as follows: 1) The melting point and freezing point of butyl stearate
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were 15.77 and 18.38 C, and the melting point and freezing point of pentadecane were 8. 47 and 8.72 C,
respectively. The latent heat temperatures of transformation during melting and solidification of butyl
stearate were 111.6 and 111.5 J/g, respectively, and temperatures during melting and solidification of
pentadecane are 135.8 and 138.7 J/g, respectively. 2) Compared with the control greenhouse, the
minimum night temperature and maximum night average temperature of the test greenhouse are increased
by 1.7 and 1.9 T, respectively; 3) The minimum soil temperatures at 10 and 15 cm below the surface of
the test greenhouse at night was 0. 8 and 0. 3 °C higher than that of the control greenhouse on average; The
average soil temperatures was 0.7 and 0.3 C higher, respectively. 4) On the cloudy and snowy days,
when the solar radiation could not be received and the indoor temperature was at the lowest, the
temperature of the test greenhouse was the maximum 0.8 C higher than that of the control greenhouse,
and the average 0.5 T higher; 5) In addition, compared with those in the control greenhouse the plant
height, stem diameter and leaf area of tomatoes in the test greenhouse were increased by 1.9%, 1.5% and
3.9%, respectively. The phase change system can effectively increase the night temperature of the test

greenhouse in winter, and the thermal environment of the test greenhouse is more conducive to the growth

2024 4F 55 29 %

of tomato plants.

Keywords solar greenhouse; phase change materials; temperature; tomato
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Fig. 9 Test and compare indoor and outdoor temperature of greenhouse under typical weather
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Tablel Comparison of tomato growth indexes between test and control greenhouse

Bk 5 /cm Plant height

ZEf /mm Stem thickness

1 #1/cm? Leaf area

Ejﬁ e Xt 1 R X RS e X} %
Test greenhouse  Control greenhouse  Test greenhouse  Control greenhouse  Test greenhouse Control greenhouse
01-18 123.7+13.1a 120.8+11. 2a 12.57+0.7a 12.32=+0.6b 17.04+1.9a 16.3+2. 3a
02-08  154.74+9.2a 158.3+10.8b 14.73+0. 5a 14.45+0. 6b 21.0+1.6a 20.6+2.7b
02-28 178.3+8.1a 175.0£8.9b 15.84+0. 5a 15.61+0.5b 25.0%2.5a 24.142.3b

E < AT B0 J5 AN RN B 3 7 W i 28 [R) — I 400 1R) — 8 s 22 5 25 ( P<0.05)
Note: Different lowercase letters after the peer data indicate that the two greenhouses have significant differences in the same index during the

same period (P<C0.05).



55 10

PR AR TR e ORI AR B O R e T R B H O IR = AR BT R 313

AR FR G A RIS AT N H OB IR E T B i AT AR b R AT
—E AR VR o 3 W b, R 0 IR P 7 b 2R
G b N R O 5 e S T B L S T = A O
T BIHL0.25.0.28.0. 23 mm. 02-28 ] 2 i,
T 0 T 5 A o 25 R R MR = e 1. 500, R I
Tk 25 R85 T R A om 2R . AE o AR K
T 30 Y 3 2 a6 R R 38 T AR S R T B
02-28 1 50 i == v 2 P 4 it i ALk 25. 02 em?, [
X E = 0.95 em® 2 FF 13,900, BAWIAHAE R
ge N AR HE T A A

3.8

A FE B X H OB IR & oA AR F O R s
I A AR B S AN UG C I % S R A 7 A HfE
DA 455 AH AE 28 G5 P9 B AH A8 A4 R ) 1 JF T —
ol m] R e =AY A AR B IR T ML S [ b X A R R
TR A T AR A R R AR S DLk 0
HOGIR % & R R AR T o B0 — [ A0 A2
LR X TR B 25, JC 2% R 3IE 7 i) B A
AW 5 36 T 2 Fh A A5 B A 22 BE 0% A AR A ORERS TR
i

ASBIF 5 i 1 H R AR R TR AT ke 2 Rl T
3 A6 I & =] H Gl 5 0 0 A0 28 bk 15T
AR 4 AR 8 B IR 48 01 T H O IR = R AT X
PRI, 45 SR F

1k 56 & 1 9 (2023-01-15—02-28, 45 d) , #H
75 F R FR e AT 43 ) A v AR TR e IR E 5
PIREL1.7F11.9°C,

2150 JE P, R AR O R G AT 4y ) B v
(8] b & T 10 A1 15 cm 4b A9 B A% 1 5838 & 0. 8 I
0.3°Cs#em V3 LR 0. 7F10.3°C,

ITEFERWE R GELA R KT RERAR KA
TR B AR G B R4 THR AR o RS
JEAE TC F OR PR R 5 L % IR AR B R,
AHAR 2 G0 b Al 47 2 A, U6 T 2 AT L v IR =
B 0.8 °CL 1 0.5 °C,

42 ZE MR B B 4 R, U0 TR = N B O AR
SRR L AR B IR A i B 1996 . 1. 5% Al
3.9% , vh W AH 2 25 A R 4 0 Y I R = N AR
B 22 WA T A AR AR

5 b AR R T AH AR R RS
A A [ I B R A i R A O T SR B R A Y

B HAZ RGP E Ty i, H 5 T B A A2
FARE, X IH IR 5 2 T R 17 2 i, (H b A7 BRI 42
TR s FEFLGES LT 2 i TR — 2
RARZZ B RE B FH 2 LA 5 28 G0 O SR BABE T 5 — 2 o
o BAT T T ARG BT B AR AR BORE . A R AT L
B AR ) (CFDD SRR R A AZ R G178 HOLR
AL BB, i B AR G B A T A Y B

S %X Reference

[1] #Hi=&, DR, Mkm, BE~, IXE, RN ALBREHGEREEH
HHEMSHI]. EBZTEXREER . RAUBFM, 2008, 26(5) :
449-453
YangRQ, MaC W, LiuSL, ZhouZ C, Liu W X, Wu S. The imitation
analysis of heat preservation and capability of the wall of solar greenhouse
[J]. Journal of Shanghai Jiao Tong University : Agricultural Science,
2008, 26(5): 449-453(in Chinese)

[2] RE2, FEEB, 246, KRR, BLEE. @B2W . EATHRILHBRARXE
EWEEARHEESIK[I]. KPREFIR, 2023, 44(9): 264-272
WuZ X, TangJ C, Liang W, SongJ S, Gong W Z, Bao E C. Screening
and testing of suitable phase change materials for solar greenhouses in
northern Jiangsu[J]. Acta Energiae Solaris Sinica, 2023, 44(9) : 264-
272 (in Chinese)

[3] ZhangL, Xu P, MaoJ C, Tang X, LiZ W, ShiJ G. A low cost seasonal
solar soil heat storage system for greenhouse heating: Design and pilot
study[J]. Applied Energy, 2015, 156: 213-222

[4] 3Ki—om. AEMBSHEEMERARIMI]. LT MFHARAE, 2009
Zhang R Y. Phase Change Materials and Phase Change Energy Storage
Technology[ M ]. Beijing: Science Press, 2009 (in Chinese)

[5] EZB, E=¢, Kl BAF, TFE, BiE. SRETHERAARE
ERABRERHEAKRI]. KFREEFR, 2022, 43(12): 104-111
Wang D Q, Zhuang Y F, Zhang D D, ChengJ Y, Wang P Z, Zhao S M.
Application effect of graded phase-change heat storage and release system
in solar greenhouse [J]. Acta Energiae Solaris Sinica, 2022, 43 (12) :
104-111 Cin Chinese)

[6] Meng F K, Chu Q. Heat storage and release performance experiment of
externally hung phase change solar greenhouse in severe cold regions of
Northeast China-Taking Fuxin City as an example[J]. Journal of Energy
Storage, 2023, 58: 106411

[7] Z=ER. EBTREEAMBEZHRZTESMK(D]. SEKRF. HERL
XF#, 2020
Li Y R. Design and testing of phase change wallboard for greenhouse
applications [D]. Urumgqi: Xinjiang Agricultural University, 2020 (in
Chinese)

[8] BFHE. HABREBHEAEAHEEMBNANEEB(D]. K&F: EHR
Wk, 2023
Zhao M F. Development and application of composite phase change
materials for solar greenhouse walls[D]. Changchun: Jilin Agricultural
University, 2023 (in Chinese)

[9] Benli H, Durmus A. Performance analysis of a latent heat storage system
with phase change material for new designed solar collectors in
greenhouse heating[J]. Solar Energy, 2009, 83(12): 2109-2119

[10] Berroug F, Lakhal E K, El Omari M, Faraji M, El Qarnia H. Thermal



314 IS [ N SR S 2024 4F 55 29 %

performance of a greenhouse with a phase change material north wall[J]. [15] TH . HEHEEEEHMEMHNHEEEEMAR(D]. Fi: LREHRX
Energy and Buildings, 2011, 43(11): 3027-3035 #2022

[11] Wu Y P, Wang T. Preparation and characterization of hydrated salts/ Ding C. Study on preparation and properties of composite energy storage
silica composite as shape-stabilized phase change material via sol - gel materials for phase change wallboard [D]. Jinan: Shandong Jianzhu
process[ J]. Thermochimica Acta, 2014, 591: 10-15 University, 2022 (in Chinese)

[12] AWM. BRE—+XE/ BREEAEHEAMBARID]. /RE. WiLRL [16] DafE, BE, BAF, #R. BREEXMAERAFARRNERS
KE, 2022 HLI). R TREA, 2017, 37(22): 10-15
Hu L N. Study on paraffin-hexadecylamine/ceramsite composite phase Ma C W, Zhao S M, Cheng ] Y, Xu W W. Energy efficiency analysis of
change thermal storage material [D]. Baoding: Hebei Agricultural solar energy heat utilization technology in solar greenhouse [J].
University, 2022 (in Chinese) Agricultural Engineering Technology, 2017, 37(22): 10-15(in Chinese)

[13] A%. BXEEEARTEEMBOTAREID]. A& LERLKAZE, 2017 (17] FEH, REE, WRE, WL, Hl. TEANBLENEREK

BRMABEHRMEI]. IHRREFRZE, 2022, 50012): 173-180
LiJF, Song M Y, Xu M M, Gao L H, Xie Y. Influences of different

Zhou Y. Study on composite phase change thermal insulation material in

solar greenhouse [D]. Taigu: Shanxi Agricultural University, 2017 (in

Chinese) organic fertilizer treatments on growth, yield and quality of tomato[J].
(14] THET. HEERAHMAMEREARESRMEAID]. 5. BlLRH Jiangsu Agricultural Sciences, 2022, 50(12): 173-180 (in Chinese)
R AZ . 2013 [18] Blanco F F, Folegatti M V. A new method for estimating the leaf area

index of cucumber and tomato plants[J]. Horticultura Brasileira, 2003,

21(4): 666-669

Wang H L. Development of phase change materials and application in

solar greenhouses[D]. Yangling: Northwest A & F University, 2013 (in
Chinese) %:'T{C éﬁ! iﬁ’— 5‘('] i@;ﬁ\

FE—AEFE N EUEE P EARA R A 122 24F R A Lol —SF e . BEENHR
b A= W) FRIE 5 BE VR T AR L BT ST, 5 7 1) A AHZE A RHE B IR P& S s i . B &5 E %
AR EREETH Jbatli AARAESTH &4 130,

BWAEZ®E N £T0 M R . BRI YIRS S IR TR T 05T, B R 2 A W
YR E |, % 238 30 20 AR, 2 g a2 A (D Pel 25 TR 5 R B0 AR ) (I8 14 J32 y k 280 b 5 % U
DA EAT




