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Abstract

In winter, the insulation technology accounts for the most energy consumption in the operation
process of facility agriculture, and energy cost is the main cost of greenhouse operation. This pa-
per starts from the present situation of greenhouse energy saving technologies in solar green-
houses in Xinjiang. At its root, the application research of greenhouse energy saving technology
can be divided into two major aspects: one is optimizing the design of solar greenhouse structure
to improve lighting and heat storage performance; and the other is transforming the maintenance
structure and improving the thermal insulation facilities to reduce heat loss. Based on the tech-
nologies and equipment which are promoted, applied and researched in Xinjiang, this paper
summarizes the development and research status quo of energy saving technology in solar
greenhouses in Xinjiang, and looks at the future development of energy saving and environment
protection technologies in solar greenhouses in Xinjiang.

Keywords

Solar Greenhouse, Energy Saving, Greenhouse Warming, Insulation

FEMX HARZETREARSHE

T, DR, EHEY, 4 R, DHYEY

DR AR B AU T, B S AT
SRR AL TR SR TRBORIR TG, B S EARST

Email: sxI52526_shzu@sina.com, *xjmcw2010@sina.com

Woks . 201748 H 300 FAHEM: 20174F9H 100 &4 HIH: 20174F9H 14H
IR .

NEFI R VI, Sk, R, ARF, SR B X FDGERE T REEOR 57k RALEE, 2017, 7(6):
404-411. DOI: 10.12677/hjas.2017.76052


http://www.hanspub.org/journal/hjas
https://doi.org/10.12677/hjas.2017.76052
https://doi.org/10.12677/hjas.2017.76052
http://www.hanspub.org

EUANTIIE

HE

ZZREBEHARRBIERIWIZITE RS RRAERREFT, RERARZBTRREZRA, NHEBXH
HEEANBREZNEZTRIARBIVRE K, BETTREARKSATFRMEAR LR, EB5 AN
AN, —RBEMSRESHMART, BERE. ERMER, —REUEET SMNESEEERRE R,
BORERR . WITRIEERAET S AT T RISR AR E MR, Wi R ETTREAR KR BB
BUREEAT TR, SRR B R E WA RERARK R RHT T RE.

K
BXEZ, Wi BEHME, RE

Copyright © 2017 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 51§

Wt A & —TURERE = Mk, A A 2R P FERE TN 35%ZE TR = IR,  REFE D o = 2k 7= 9
) 15%~40%, AEFEE IR SIBAT A KB B8R40 [1]. BEA RERBLR H Bk, Biifo L i R R Z BIR K
by, JEAERTRETI AR E T, 7 DORETIE B AL R e IR D R AERE L
RN, bR R R AR Y B IRCHET T SR H AR PTRR SR R A A E R

A S AR = W RREAT 7 OREFE AL LAE, S T REXT SR 2 Fh 2R, (R R BRI 4308 2 AT :
(1) FOGIREEMIALB, REFE. ERMERE: () i HOGIR = Bl 45 F A ot 1 5 AR i, Ik
DIREHUR2]. BrEEHAL T RROKRE, AZTRIER, AR IS RRRT, A2 ZR U M it
TR E PR IR, AR IR REFE T A T IR E A A B B AN S . B a4 A A AN SR
BRR S EE e XOAE, FikS a7 XA AR . BreE B arE HOGIER = Re 7 kT 7 ORE Fi A
BEAT AN [F) DR 15 e BOR AR P B PR, SRSk U I iR 35715 BB 40 A1 5 BORBIE 7 S AR ILAE LR LA
J5 T
2. HARERHESHESHIRIT

H i a5 0 B 2 B 42 5 Ui 25 A VR IR SR G I ) R 8 5 A ORI P R, kT sz e (E A 7 i B R
ZUr e, HGREMNERSHSEREZH R BDRAN B RGN = . R ERIRIA&
T B 78 0 2% R AN T M EE A7 B . SROBRT . 38 5 XU R 78 40 ) St A | AR 2 1, AR T 2 0 3 AR
MUEAT oA W B Ah B RS PR, M — N RA A HUR = ARG T, WA B 5 A TN L
ARG, AR IbEE ., FE SRR BRI X AT A E T

(D) Hotm =T A Mt

YERF H R = 0 BEARIAEE 1 R 32 BORIE T K FHER ST, SR 32 K B B s &5 B2, KRR
A 5 P R BN AR AR, IR PR A R T ) H ' T W =R T 42 52 O O A 5 O/ S R A
IEL[3] [4]. DRIE, ZEORAE HOGIR % R A8k, Stz — =20k B OGIR % AT 32 ] ok
AR KPR RS, PR RE 2= e HDOGIR =8, BRI AM y, Wl 1 Fios.
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R E T RE . A BOAE RIS, LSRRI H D' 5 AT 4522 10 AR PR A8 S e 0 e K
NLIRGFEAE, T T — P T XBE H G 2 f e 3 0 ) R T A TSR

Ve = 2 ZZ arctan
n

Hr: y o —— BRI RS
O— i & F I 2 A A5
¢——H el & BT Ab Hh 2
() E=EFEIELEWSH T

sin@cososinw

sin @sin ¢ cos o cosw—sin @sin o cos ¢

Q)

FORIE FDGIR R R Z R Bt AL, A2 — R IR EE H OR3P AR BH RERE = ROH
MUK N BB AR e RREIMA S KES DDOUR @RS BEEE
BERROCMGERIERE, XS HCZ MR T A2 H, D9 OR1E A K 0 e = 3R A5 1

JCHRAINE R L | B HDOGIR E RS R i HCR R B R TR

FA B IR [3] [4]

B X BA KK BRGIZE R KBRS S SR AR R Uk R, R0 R by AREE S H S
WHS R A EF RO, Bt & SR aEt X i DGR E B0 828, ik 1 s,

3. REEPERRBER

H Ot % B 450 R B A] RE 2 AOMRMSOR BHARRE TR s P, ik R IRHAC ) AV RE FE 28 1) 22 18
TG CAER e DGR = BRI, BB RH AR IR = N AR [ S 1 RE 70 (B ORI PR RE), SCEAT — 5 Bl AT

A RE ) (R M BE) o
(1) = PR & A A

Table 1. Recommended values of solar greenhouse structural parameters in Xinjiang region

%= 1. ESWX AXREEHSHERFE
E{CTE2 4 JuaBth X R AR X ZRiRHh X
W= J7 50 Span (L/m) IER PG 8°~10° IER PG 8°~10° IEF R 8°~10°
P51 Length (I/m) 7~8 8~10 8~10
4 1= High ridge (H/m) 4~45 4~45 4~4.5
J5 1 Height of wall (h/m) 2-25 2-25 2-2.5
JE W BT ¥ Height of Rear roof (M/m) 1.5~2.5 1.5~2.5 1.5~2.5
J& R T Back roof angle (6/°) KT 42 KT 40 KT 42
RIS Z A Front roof angle (6/°) RANTF 32 AANF 30 AT 32
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Figure 1. Schematic diagram of azimuth in solar greenhouse
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BB N H SR E B Sz —, RHGREEE W B A, 25 =R RREE H 2
W BEREARE I — AN EEEER RIS DIH —EHdEE, B ARNEENEE, #h
AR . BEARETIE AR, B BRI = N AR ) AME R B RE DRI R IR RE, B — R A7 A
BNRE/IRIEIATERE, 0 INEESZE APRHLR[S] [6] [7]. VROVERARES HDGIR S ik BB 4 PN
HAMNBRE NG EYELF, REREI)E BERRLF, ORI RERELE, B, TORIR + ek EE
S JOU B AR R R 3 A SR P R PG R el M T s T A B OR AR Al S A

TEBT 8 HOGIR = AR IR AR S H R S 45 JB/T10286-2001 ( HIGIR=S544) Hhiakts
B AR (R 85 BRI 4E 3 2544 IR PR A BEE (R f8) 2[RI T LA, BB R FRATR T 2 A A5
PR ARBEAE (R E) 400 2 K T B05E TR PR AP (R (H), Brim s I E A RO + RARREW,

s 2 frs.
MR 2 AR ZH S Bl 45 A R B BT B A (), B HU BN SE H O IR %= B A AR I B I3 2,
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Figure 2. Design of the back wall in greenhouse
E 2. BREEEEERT

Z]

Table 2. Combined thermal resistance of brick masonry wall + external thermal insulation materials

2. MRS + SMRIERBAMRIA S HEEm K/W)

TRIEA R R 024m  024m  024m  037m  037m  037m 0.5m 0.5m 0.5m
T A 5 R Mitek AR R RiREE ZHlik bR RibRY LG

I 0.276 0.296 0.414 0.425 0.457 0.638 0.575 0.617 0.862

5 em A LIR 1.363 1.383 1.501 1512 1.544 1.725 1.662 1.704 1.949
6 cm I LRI 1.58 1.6 1.718 1.729 1.761 1.942 1.879 1.921 2.166
8 cm R LMK 2.015 2.035 2.153 2.164 2.196 2.377 2314 2.356 2.601
10 em K Z AR 2.45 2.47 2.588 2.599 2.631 2.812 2.749 2.791 3.036
12 em R LIHIR 2.885 2.905 3.023 3.034 3.066 3.247 3.184 3.226 3.471
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Tk 2 A 45 W B A B AR K T B 2R PR PR AR, ARPESR 2 HOGIR SR R E T H Sk (1)
PABRAE AT DA Y, B R G R 45 R AS R 2 T BB AR 1.1 m® K/W ISR 0.5 m KRG AT 0.5 m Jp
BREAEAEAMERE EASLEA | 0.37 m 2 LG, BAAMITE I 0.24 m AERMA + 0.12 m {RIEBG AR #4
P TSI m T 037 m FERIR + 0.1 m [RAREAE, (HURTE HOGIR = 4 & B A v e il 2 F AT e — 11
BRAPRE, ASBEBLAE— R I8 SR R AR i AR, 75 D0 2 PR = s N R R B, 3 O AR
FE,

) BEFREMH

J& J2 T ) B AR AR T 52 B S AR AR SR AABE, AR )5 J2 1T 114 B (K A LA T B R B A e 1Y 5 J=2 T
BHAJE, 558 5 1R F G R A 5008 ACSEHIX: 0.2 m BRI RN ISR (18 kg/m’),
SEHNIX: 0.12 m BN I ORI AR (18 kg/m®), ZARSEHLIX: 0.15 m J5E XD J& O iR AR (18 kg/m’).

(3) I T ORI 78 55 44 K}

H i = AT R & IR = 4R 1 2 EGAE,  HIREHURME R BN 75%0L b, AR E SR
(17356 PR AN T R LR UL T B D S M A R[] DRI 11 R IR 1 B A 5 M I 5 P UL P8E B 75 01 2 R gk
AT IR R b, i KRR BE BRI R AR R & B AR AR K TE B i — MR E 2 R, R IR B
PR A 2R E WA R AR AR REVR T 20 o T8I XA [RIAA 0 00 R 78 554 B A% S I RE L AR A R BRI AT
RER G AT o e SR FH 28 = 41 I CRUR A (B bR+ — 2 1 o+ B B b ) R AT IR, ORI A A £ R
HBIEEPERE 1.295 W/(m?- C)BME F =4FJ5 1 2.386 W/(m*-C), RIEALMABPEIT T 1.091 W/(m? C).
TR AE IR E AR, BT WNANZEZ B BRMEL K Bahh s m 5, rEgitiae. BimtszaEh
RESBE T R, SEURRM L RERE TR .

I ORI 7R 55 M RHR IR I RE MR 5 2R G b, 456 0T 98 55 AN [R] R AU RE A, 3 A T R XA A 1)
RIRE AR, ZREVERERIFIRBIKEIRZ YA + 1.0 ecm B + IREMEY, ERERRECY
0.928 W/(m™C, #4544 ik 5] 89.28%; HUEB K MEfE AN B MR AP B T +0.5em BE + KR
Wit TR HEE =R + 1.0 cm B + 2 EFiKKIEHE + it E S HEH09]. 1t
ML X B BOE FA M AR R B i tE RS . AR TR KO BB R AET 2.0 kg/m’ (IR, FE3RA
FRIBHLIX R ML RE AP ME RE R LT, B EAMKT 0.9 kg/m® (IR R 10] [11].

2016 4, HERFEOIT T — P B R R, 7587 SR AL ARL 2 B AV AU A T 5 B 78 LU B
SHG B HEAT A AV S BRI, XA AR A A A Bk e R A, HR TR AT LA AU BT S
OB IO RIBIE, PLRRECREE, BHIPRE. 335, PLeib ks B — s,

4. B HARETREARENBONA

(1) FIEBRINE RS

FENE ARGt E LR B A PR 5 5 P RE 2 R A AT BT — KR B A R S,
Wi 3 pioR, %RV HGR SRS EIKIT, UK BT RE M E R SR, A KR KGR
I AR RSORBA RS, [EIINRE e S AEAE /KB, RO R K P I /KR ri R O, DU S DY
BN, NAZKRE BRG] DURR = N AR E ST 5.4°C, AREEMIIR RIBER S 1.6C, #%
RYE I KT R T LA ] 4.9~5.6 MI/m?, 65R T HOGIR = ME ARG 112].

(2) E-HEA KRR B A “ =87 S hEk

R A B2 B AU AT T2 AT 5 A6 5 Tl K 2 A AE A5 78 Ll Bt e Mk S 56 B o e 1 - 32X
RPHBEAHAR B “ =57 dEM AR H GRS TR ER RIS L, Wil 4 FioR, 1% RG00] SEIl 3 Fids
HEa, BRI SRR - KPR & AV, IR AR, B . RGRI IR Tk K2
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Figure 3. Active storage-release heating system (Xishan test base)

3. ERERAMERG (A LR EM)

Figure 4. Application site of the “triple” structural wall system of the main-passive solar phase change heat storage

4. E-HHXKPAEBETER “ZF” SURKERNE AT

WER I R R 2 dhin 2 S ENS, SEEEEHESE, LRAMRE- s REREERG, BER
BE IR AR B 1A K B REE A AR (R = Bl A 2 R B TE AR B AR, SO T IR SR A & R
FHAHAS R0 1 2 A AHAR & HO BRI Tl = e R R, DA 3N & iy S0 il = e Bl ik 8 3R T 2
KB BRI AE e J1[13] [14].

2015 4F 12 HAHAR IR % 58 iR = LU ROaEe 45 AR W], AR IR == 5 N 2 R E W s T iR = .
HRER KR ZEHR 5.6°C, W, HTHZMERAE S E KGR TT, BEAK R RN EEE D, i
ETRERIREE, BOKE 4.5°C, TR 3.1°C. ER s nT LA R0 5mB% 7R (105 et . AN S HUE
W, BT HE ) 88.84%, HUHGH R4 Tt 178.08%, T4 ZhHE 7R 10 & BRI T 47.26%,
wE 5 Fiso

2016 DA AEY) i 2 £ ZORIEEY), X 39 3 & G R A0 d i 2= e 7o) b ke, ki gl Rk
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Bl: sl UK REAHAS & VR =R R = MR L & 1.2°C, KR 6.0°C, 1EMIbRe . 2 L4k
RoREEmTEHERE, MWK 6 PR,

F- P UK B AR & A “ =57 ShM AR R B A ERERLL, , IR N R T ARARE ARL, A
ML rbE R RO v S E A IO R, AR T s = A 15].
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Figure 5. Comparison of temperature and heat storage-release between main-passive phase-change heat storage greenhouse
and common greenhouse
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Figure 6. Comparison of growth status of tomato between main-passive phase change heat storage greenhouse and common
greenhouse tomato
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5. MEBAXBRETRERARKRE

SRR AL X & FOGIR = A R MEEAE 11 A AT JE TH IR 2 IREE 3 AR, HRERIE 77 02
RIS, BEORIEFER E K. BB EZOS TR RINER, 2016 55— 19 5 [H 5K &
EREEE . TASES. B IAORARSE M Z SR AT DR A SRR 20 vk, [ESSReEN AR 1 € “+ =" "
ARG AR %) (BK[2016]74 %), =T RESOR ORI E2FREM IR E 2 E, &
HRARK, MR SRR A, B TR A i AR A8 AR = S RV SRR, R T e R
IR A BAREER b, B BIRATTAL,  FRARE OSSR 53 LT Be DR AT R 2R 77 X8 AT B A 7 42 S
JURIH, R TR i T REFEFE RO KT B R It .
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