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Fig. 1 Side view of greenhouse structure before transformation
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Fig. 3 Side view of greenhouse structure after phase change heat storage transformation

L1.4 fEqUEF

PDE-KT < # %4 ic AL, B /RIEW#% T
BARARAFLE, U FEAFHRE S BRE
PR3k | HER AR B Sk o AR R Rk
VLR T . —30~70 °CL, ¥R 0.5 °C. 4
BR 0.1 °C BN .020~99% . MR £+3 20,
SYHEER 1905 6 HR 3 YT . 0~ 200 000 Ix. HEH
BE+3%,

1.2 KEH*E

TR T 2017 FEMR X G RN L4
34°15", R4 108°04)) # AT, I E WK FHAE TGN,
KA . PRI 2 BEANERIAEE S A —
] BB ERTEE, NE P BREHTE
SR ; 55— R IR = FRUZ % IR K A
H[a]— 23—, AR HEA TAE AR B S R et , VO
YERRTRE . IHAREZE X R = AR R %
WRSHHITIE .

2 M EE = 55 IR E RS S 5
AR, SR EHHE 3 NREEN &, B0
EREWNEST L, BT 1.5 m &k, E4b
Vi) s TR TR LTI A5 5 A B =X IR HBTH 1. 5 m ey
fb, ZIRETF 3 H 1 H IR E &S EEEE. 5
PEiC RN 10 min, XA R (3 H 26 H) .
HRGH19 B FRGH 13 &S TRIEE

PR EIRSF S HEATIE
1.3 BiESH
R Excel BRI RIRIEATAL BI04 .

2 HBRE5SW
2.1 ARERXRSEHTHRXRBEANNEEETL
2.1.1 WRREEM

Hi & 4 WA, BRI R 464 F 0 TR 54
BERRENOLHBELHEER . BE5EIR
JeIREA L B, FIREEERTHHE

— {IAF &4 Phase change heat storage

—e— 4N IR Outdoor control
70 000 — Z= NXTHR Indoor control

—— 55K Active lightin
£ 60000 F AR ghting
Z 50000 ¢
E 40000 f
5 30000 -
= 20000 |
i
= 10000
'gé
B 0 :
P O O O Qo o o O o O O o O O <
100008 R3S RS AT S AS A3 S S A
O = o O D Al O e Ny — )
S o0 Do DO = -, - — = ISR
152 Time

4 FREEZEHARBEEXR(2017-03-26) L HBERATH
Fig. 4 Light intensity daily variation of different
greenhouses in typical sunny day({2017-03-26)



564

it B B Z2 59

PREER 19 440 Ix, X HRIR = B9 R BRI R
13 243 Ix, ML XTHRIEE & 6 197 lx, ROEER
B 46.8%.
2.1.2 BHARKSLM

HE 5 o] IEH AR T, M IRIEE
WNEDEHEEEI BT EHROEERE. Fat
VR 5 X BE R 2= A S 38 0k BB 5 4 1) S 2 430,
1443 Ix, 5XMIBE ML, FRABETGHY
1 000 IxMy Y HRSR T, MAEHRRENFEHHE
SREEZ M1 689 Ix, SXTIB=EM L T EER,

— H7EEH Phase change heat storage
16 000 [~ '?%X‘J”Uu Outdoor control

14000 - —*—-'?VEIX‘TUH Indoor control
% —— FF KL Active lighting
T 12000
<
£ 10000 |
=
g 8 000
&b L
= 6 000
B 4000 -
bl
& 2000
20000 pewesssrwens -
[ I e B o B o T o 2 = TR v B o B e TR o S v B o B o 2 = I = R
2000 02 0 e a9 0o e e e a
Q — o T o > & © N D e &N~ A
o0 O 0 O 0 O H = o~ = = — ol el
%) Time

H 5 AEIBEHBEFXR(2017-03-19) RBEEATL
Fig. 5 Light intensity daily variation of different
greenhouses in typical cloudy day (2017-03-19)

2.2 AEAXRSEEETHREBERNSET

2.2.1 BERRAEMN

HH I 6 ], AL R AT, IR (07:00—
17:000, ERIGIR T E NEP B & T X R
=, AT IR 10,8 C. MHAERRESIR
BRIEFXBESE, BEX2FFARAHB, KK

— MPEE B Phase change heat storage
—— '?%X'Jl 1§ Outdoor control
450 = '?VEIX‘JL”” Indoor control
40.0 | —— EBNRL Active lighting
350
300
250 1

20.0

150

100

50 \*TM

6 ARIRZHIEERX(2017-03-26) S BHER
Fig. 6 Temperature daily variation of different

{52 Temperature/°C

greenhouses in typical sunny day (2017-03-26)

(21:00—¥K H 05:00) , E3IR NI = FIAE AR E #
BESBENS X RIRE, HAHZE %ﬁw&%—ﬁ?&
i » 50 BRI A F 2200 IR S s 1B HLX HE
Emih#y 3.5 C,
2.2.2 BRRR&M

HE 7 oA, MR R AT A SRR R
SRR, KR o BRE, E3REEER
ARG HEIREBEEATRBZERNERI
AR, HABHEESRFEWREN 17.0 C. b
WREERE 1.7 C,

— P Phase change heat storage
—— '?%X'Jl i Outdoor control
—— =N X‘T UH Indoor control

20.0 —— HEEJJ *x J'(: Active lighting

i Temperature/'C

L L L L L L
[ R I I T = = R = I o R B e B R o = I T =]
[ T = R R = R =T o T = B s B = S o B T = R
< = o F v > & O ™o 0 W0 Oy = A
[ e = e e R e e B o~

B7 AREEHBPR(2017-03-19)KEHE
Fig. 7 Temperature daily variation of different
greenhouses in typical cloudy day (2017-03-19)

2.2.3 B/BRREL&M

FHE 8 B Al JLRIE R T MEEHEER
RERE TR REE, HAERKE(21:00—KH
05:00) , % B = e AR R 10.5 °C,FHEE R
111 C;MAEERIRERMER 12.0 COEHRAE
12,9 C, R b3 IR =ER L 1.5 CTHLS C,
FERRESH BREM IO B 2R,

180

160

o 140t e

% 1§8 M“ﬁﬁu Wﬂﬁﬁ \\%‘M":Iil

< ur

3 80k N7, Phase change heat storage

g~ e Z AN R Outdoor control

£ 60f *?Vj‘]}@”ﬁ Indoor control

B o40F — EFRE Active lighting -

13 ,A"‘ ‘\!

= ot ees® ,
00 ._.“'._x'."....\‘.\.'...
L2888 3288888geE

E s8I Es 2o n ey
%] Time

] 8 FREBEAMER(2017-03-13)SEAEH
Fig. 8 Temperature daily variation of different

greenhouses in typical snowy day (2017-03-13)



60 t 5 B Z

3SAHC(H

2.3 FEAXRSEGHTHXRZENEETL
2.3.1 BERRRZRM

& 9w, BLAURE R, HR(07:00—
17:00), X HIRE A ERBE . F3RMLIRE
Y B SE PB4 1R 60. 3%6.45. 3%.30. 0%, &
SIREBEEHR AR R, RE KT EINBE,
I ROLEERMEEE N 19. 020, HAEBFHIE =
2 33. 0%, X FRIRE RAKIBE Jy 42. 0%, 7RIH]
(21:00—¥K H 05:00) , % BIE = AR E PR E .
FEREEE IR EFMESH A 92.3%,
85.5%0.80.7%, S R B EH KB E N
85. 0% A E MR E N 87. 0%, M HBIRE &
KIBEN 95. 0%, EHRCBRERMMEEHER
Eb % BB 10. 53% 0 8. 42% .,

K75 &34 Phase change heal storage
~w FEHITHR Outdoor control
g Z N XTHR Indoor control
100.0 e EEI I Active lighting
90.0
80.0 %
70.0
60.0
50.0
40.0
30.0
200
10.0

{52 Humidity/%

00:00

01:30

03:00
04:30 +
06:00
07:30
22:30

B9 AEBEHRBEEXR(2017-03-26)EEBAEK
Fig. 9 Humidity daily variation of different
greenhouses in typical sunny day (2017-03-26)

2.3.2 BARRKESKM

A 10 Bl FEMBAR KT BERNE
KA FE T A, W IR E A EEREE . F 5
KOG IR = 7R AR B A 4 Bk 96.6%4.
93. 8%0.89. 220 , HKUK AR X BR IR = % v Y E T
KE]97. 0%, MAHAZ RIREMESHRAREN
BB R 93. 7% A 89. 3%, 5% HRAR HL4)
BIFRAR T 3. 40% 01 7. 94 %,
2.3.3 FRRALM

& 11 a7, A AR R &4 F, 00 00—
08:30 Al , EAMBER K, EH 95% LA b, ixX 2
R RS PEBE/NRT . 08:30 LUJG . EAMBE
2RI 7E 09:30—18.: 30 B, ¥ B MK T
80 %, Bk AT ik 59 %, B AR F &R B IR = g
BE. 19:00 FEINBERIE T, KB E 80%
P EERRE ., FRREET, W RIREREE

— *ﬁﬂzﬁﬁt Phase change heat storage
- ZE AN IE Outdoor control
- Z X Indoor control
100.0 - FEFIF Active lighting
o 9508
j\i‘ Rl koA kA
S ssof Lt o
g b
= L
=z 80.0 \
o750 Ay
E 700+t §
650 L . . .
O Qo o o O Q9 © o o 9 o < o <o <O
S H S A S A dSHSAeSASA S A
[ e T S = B s = S S o I o S BT ST o N e I A |
o O © O o O O = = = — = - - o~ ol
IF%)] Time
B 10 AREZHBIER(2017-03-19)BEAZTK
Fig. 10 Humidity daily variation of different
greenhouses in typical cloudy day (2017-03-19)
e FEHN IR Outdoor control
—— ZNXN Indoor control
—e— EFFL Active lighting
—+— MIZZZE U Phase change heat storage
100.0 ¢
95.0 |
i R ririring
90.0
£ 850f
£ 800}
Z 750
E ok
2 700}
W O650F
I 600
550
50-0 1 1 L 1 1 1
[ R B T = = i i - B e R e e = = R )
o oo © o o o O on O oo O o o o0 O o
S = 0 F W NS S AN N B W = A
S o5 S5 S &8 & S - 4224502 PN
I %) Time

11 FRBZARBER(2017-03-13)BEHEH
Fig. 11 Humidity daily variation of different
greenhouses in typical snowy day (2017-03-13)

B B EE N 95. 6% . BB Rl 3E 97. 0%,
HWR A ZERRE, KRB E R 92.1%,
BRI 93. 020, B i o R IEIRE, B IRl
SERR R R 90. 5%, B S B R 91. 0%, 2 MR
R =S MR R A FFEKT 4.1%
6.2%.

3 HZig

WA RAEMT , EoREBER N BEE
AEEEN 6 197 Ix ZAKDOLERE. BRI
B, MEAR B R E SRR s v X BB R
23.5C, ARMEXRTJLITEE LS 2C, B
REBRIRZE AL IR Z A K H O
EE TR EE 8% ~11% , A K 1% K6t M w]
FEARK 3% ~8%,



%6 49 t 5 E Z 61

8] EZ AR HH . SRR R 8 H G
523k ERIRAERETLT]. HEARITE, 2009,30(2) 1 191-194.
By -y AE A e h 3P TR JRIpN
(1] R REA O 7000 TR TN g OO AR SRR R
H 3, 2015-07-09(001). WD RHUALHFF, 2015,37(7) : 181-186.

(2] k. SAMEOR TR LA i sy (1], i o) SRR PR (R W HGRERS A
AR 2016 (5) 40 43, AT, Aol TR, 2014, 30(1) : 129-137.

[37 SKECAL A% JR A SR ARG 257l o 0 1T 15 R Eiﬁ%’éﬁ'ﬁgﬁfﬂfﬁﬁf S QA
(7. HEBE3E, 2015(7) :1-5. J1 A TERFEARGREEZ, ):44-45,

[4] Sl SESCH, B9 4 4. i F G 2 4 M A BT 5230 EI? &ﬁ%;;f‘fs ;‘f;“ifi%ii?ﬁﬁﬁ%%ma%
U A [isj B A5 A . L A L BI04
[5] BeF}, B, 20, %, Hr iR FAUE X B RE AR ZEEI, 5 RGN ;

. . oI, 2l TR 2R ,2010,26(2) : 263-267.
TREHATHTLT ] RAULBTSE, 2011,33(1) :88-91. N o A L s
(6] U A BUBSHE 3 B Ria ogw ) TR R E T REE R
FNBIFE 4T [T, PEALR MBI R 222 W CHRBE D, L : - TR e :

2013412 105116, Sis%#a 5. A, F T PR RERE B 1 59 7
(7] %, A5 10, 55, PO FOGRE R gy o) T T BUE T, SRR wE

i ) 2 ’ ’ 3 = .
AR R A A7 B S PRI, PiAb e 2ed 2003, 12 DRRCRVERLTL AR TR, 2016,32(20):209-216
(2):105-108.

Performance Analysis of Solar Greenhouse After Active Lighting and
Phase Change Heat Storage Technological Transformation

WANG Chenchen' ,BAO Encai’ , LIU Lu',ZOU Zhirong' , KANG Dong” , ZHOU Haiyuan’
(1. College of Horticulture, Northwest A&F University/Agriculture Ministry Key Laboratory of Protected Horticultural
Engineering in Northwest, Yangling, Shaanxi 712100; 2. Yangling Puzhao Agricultural Science and Technology Co. Ltd. ,
Yangling , Shaanxi 712100)

Abstract: In order to solve the problem of insufficient indoor lighting and low temperature during the
cold season in the solar greenhouse, the two traditional solar greenhouses of Tangjiacun in Yangling
district had been carried out active lighting and phase change heat storage technology transformation.
The changes of environmental parameters such as temperature, humidity and light under different
weather conditions were studied, and the untreated solar greenhouse was used as the control. The
results showed that the active lighting greenhouse in sunny day could improve the indoor light
intensity of about 6 197 lx compared with the control greenhouse, increase lighting rate by 46. 8%,
increased the average temperature of 2. 7 °C and reduced the greenhouse nighttime humidity 10. 53%.
In cloudy or snowy days it could reduce the nighttime humidity by 7. 94%. The phase change heat
storage greenhouse in sunny night could be higher the temperature 3.5 ‘C than control,decreased the
relative humidity 8. 42%. In cloudy and snowy days the temperature it was about 2 °C higher than the
control,and the humidity was 3. 40% lower than the control. Therefore, greenhouse which had been
through the two kinds of technological transformation had a good effect of heat preservation and heat
storage,and these two technologies would provide an effective way for the upgrading of traditional
solar greenhouse in the future.

Keywords: solar greenhouse;active lighting; phase change material; heat storage



