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MATLAB simulation of one-dimensional heat transfer and
heat flux analysis of north wall in Chinese solar greenhouse

PENG Dong-ling''?. ZHANG Yi'?, FANG Hui'**, YANG Qi-chang'? *, WEI Ling-ling'*?

. Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China;

2. Agricultural Energy-saving and Waste Disposal Key Laboratory of Ministry of Agriculture, Beijing 100081, China)

Abstract To explore the changes of temperature and heat transfer characteristic in the north wall layer of the Chinese
solar greenhouse, a one-dimensional difference model for unsteady heat transfer of wall was established. By the
corresponding computer program with MATLAB, the temperature and the heat flux of any point in the wall at any time
could be obtained. The analysis showed that the simulation model could accurately estimate the temperature of soil
north wall in solar greenhouse. The effective heat storage layer existed in the inner surface of wall, which played a
positive role on indoor thermal environment of solar greenhouse. As the heat flux of the effective heat storage layer was
from the indoor to the outdoor during the day,and was from the outdoor to the indoor at night, the thickness of the layer
was determined by the direction of heat flux. The effective heat storage layer was associated with the weather, the total
thickness of wall and thermo physical properties of the wall material. The thickness of the storage layer that calculated in
certain cases was from 0. 26 to 0. 45 m. A maximum value appeared on a continuous snowy day. In addition, it
theoretically verified the existence of a thermal-stable layer inside 3 m soil wall whose heat flux was relatively constant
in the solar greenhouse.

Key words solar greenhouse; heat transfer; simulation with MATLAB; difference equation

JE b HOGIR % b S A 4 454 AR O RS R R R R Y T kA K e I e vk AR

T AN B AR Y B R P X AR B B A AR B . B A T O 0 S A I R L o A TR )

JEHUJ

H O I 28 55 1 A PRp P — BRSO TR ST BORMAIR 3 04 B O TR = 5 R 0 R 3 Uk fe . B

Wk H W 2013-11-12

RAWH. FEREARPEIESERTE (31071833); 48637121 ¥ B8 (2013AA102407)
W—AEH . AR, B LA, E-mail :565778001@qq. com

WIS . IR PFIE 6L B F it e 2 R 58 TR 9T, E-mail : yangq@ieda. org. cn



553

R HOGRE R — 48 S8 MATLAB B85 B0 70 Hr 175

S AR XA A R AT H O % 4% Bl 4 2540 1
T VEREFEAT 1 LRI AT 5 2 W« B AR R & P i i
T AR 3+ SR L PN R A B AR 5 R S A T
HaE NS . A BTN AN R JE B Y HOGIE %
R EAT R B L AR T A X RS S
BT WA BTN L B R N Y TR L
AR FEAT LB AT o B I 9 R A 1
FETT U B A AT H O T % 5 1A 1% FA R 1 A A7 A4 i
ST B AHH H T 32 B0 2 1 RS BE R BR A
FA AR HOGIE 2 5 50 OR i R RE L i T
PR 3 M7 12 1k — A0 247 5 1A 5 P ) BRI BF 5 45 70
Bro A BT S R BOE R R R &
71 77 45 P R JELAR b B O3 T i A RO SE T
Gl FE PR AL (& 215 ] CFD #R R A 41
H 6T 2 B AR IR o o 45 A R 22 4
LRSS PRI . 20 A 1 H O 5 e A A £ 7 A
PERESH . LR LIRS AR HOLIR % 5 B %
PR AR T A 1 a5 R B8 B 9 % 35k 9 A
HIA 5 R BE T R AT 78 R WLARGE .

O MG A F 5 38 S A S B R A A SR X H O
i 2 i VAR T B2 0 A1 R R 4% V2 Bk A R B gl 2 1 3 L
AT B B . LU B HOG IR = & 2 5 IR e &
P AR P PR AN A R IR B AR A A O B AR
fES R T/
1 HFE&E

H Ot il % 55 1A 52 21 % 9 o0 JE A 5 R 2
PO 2 AR E i B . AR I A% P BRI T L
SR S BE 14 JBE M B B SR B 8~ 10 47 L i —4E S
AL HL HAF IR Z AR T 167 [ HAT K Z 5
H G L 2 35k O o B/ TR BE O 5 A A e
IAA TR 0 B RS BE A TR, ol T e BT
Ta] 14 P A 5 AN 23 X 8 A BAER 58 A R B R L i
PASH T A E 5 S 1 I B AR B O 1) B — 4 3
PR A BR 22 70 9k BEAT B AUL , S oA Tl O A B
A, I [ 12 (i) bR R s T S 25 00 T .
JEER =R RO A B R AT
L1 ATRERAENETL

AWFFE W S HOG IR % 55 0K P 38 T8 8 A DR R B
PR PN LA 3 T WA R BH 8 IR 8 T A 30 B AR P A
TR 5 220 QA S R HCR A2 A0 355 1 B A 1R 2 RN
oA Y R2 R . SRR A Pl S0 — dE R R A B R

OS85 A T B 1) ) SR AT BR AN A BT L 4
JERAE I 8] I 3% 22 0 W) B 3 B 8O A RR A B ()
ML L BER . Ax, A Ac 43 B2 18] 25 K R[]
B XN PO IR BHOTIE TE 2 i
ZHASHF S NELG—DMRGHD, BT
S EEAR /Iy o AT DA kg AH 40 7 A 18] 08 3R B2 4 A 2 2k
B, FREMRZ AP BEA LR PSS
i MR e RN

e —
Ax;

3
livg —

Dp = i X 1X1

k
Lxixi

Drp = A

@ N E S IGE L T2 R A R A I R R
W/ (m « K>, foc i Py e 3 5 I 18 5 1R P $e
B T E T ki I s 22 A8 RO
Cti— i Ave + A
o At 2
K AE HNBEMIE & T 0 AR L kg/m’ 5 ¢,
R HE AR R AL T/ (kg » KD o AR B B ST
L, XTN T s P (O BT AR I T IR 4O
LAl N P GO IR B O R
AEp = Oip + Dpp

X1X1

il
. l‘f - t?il . Al‘,;l + A]‘,‘ _
i At 2
t’.*;l — t’:‘ﬂ —
L i L i 1

Aoy P (D
= N N 2
[()J% o \ o OL OP OR o '; o %T’

A, | Av_ | A, Fax

1 AXEBEEHRETIRINS
Fig. 1 Node splitting in the wall of solar greenhouse

1.2 FZXBRFBETHBLRTABRTE

B N AR B = 2R B AR A AR
JE R 55 PN L A0 2 TR PH B I R T AN R TR R
PPk A A A ISR R T R A R

o th— ! . Az

o o0 At 2
tkitk

Ao fxlxlnL

Lo

ﬁg%ﬁxl (2)

E ke
0uC '%’%XIXIZ}”([Z — )X

(Ax),
2

&
— lLup

tk
1% 1 Lo " butl
X1+, Az

An

X1X1+ S5 X1 (3)




176 O A K R it

2014 4 55 19 &

K chchy EEIRS E AN R R
LW/ (m” « KD SELSE b Bl P A1 3% 1o K FH i B2,
W/m?,

1.3 TABEHABEANKE
N7 B (1) ~ (3) 2, AT 15 & B 2 [l 97 4548
BER AW,

K B 22 40 6 2% DL 7 R R AT S Efk . R
235 B RROE S R JC S5 A AR BT LAAE S B B
] A5 K s A A K it a] AR B BUE . o TR IESS
RIAE A TE, A BL 600 s, Ax; BL 0. 01~0.025 m, J5
T 2 A 18 1) 2R BSORE B e — A~ 0 AR ™ A o AT =%
PR R L 10 kv BT T oo ik GEOEE R SR .
B AR BAE (15 COVE R RIGRAE , 715 8K 8% (R R
JEAR , HF 10 d A 00555 0 P 5 A O B AR Ak, ST
A AH N B E 5 2 5 S THRAEAE B A
1.4 BREGNHE

A E N MR K PR IR, Y08 o
SCINARAT . AN R R BH e R R — T DR 4 Y
AR GORHA 2 . H R R PR BE IR JC T NS
SRR = AR . K BH R R B A TT D
WS R O A B B A R S PR I 2
SRR T LR FH S I 1 A B e R PR AR )= T R
R K A% T X BH G T BCR AT T

PEHH G = S A = AR Z L 24 hol 1
A JE 1 pR 8 W] LA MATLAB A1 cftool T H4H
VAT B i e AU G A S A B ) ) B G A
(B 25 K AR A AT DL AR A AR 1) = AR

2 BRENITE

SR R T i mT DL A% A s 2 B ik A 2 T
FPS A A TR o PR DI 1) A A 43 A il Ak At
FERHE 0 A B AL s s S A, R
JEE /0N B4 355 B 7 Al e BsF T DA 1) 3R ST (DU AR ) 22
53 1 AR B AR A% 5 45 A ) T) B ) A T A K
W, RIEEEMEERA A POE RGEDH
5 TR 5 R Y A

dt ‘ th—rt

‘1? =X 57— =2

dx " Az (5)

3 HRAMEITIE
3.

1 HFHEBREIE
YW U B R R R ME B BE . T 2012-12—

AO‘ _’_M_’_hl l‘(k) — /1()‘ tf = ‘Mtéfl +h,1t§ +AT7‘)'81
Az, 2Nt X0 1 92
_ A/\xl o+ [A/\Jﬂ _‘_A/\i_'_pi(~,(A\T,2,-fA1T+Ar;)# 7:7;}‘% _ p,c,v(AléA]TJr AJ[,-){¢,71 0
i1 i1 i )
A Ay AT, o O BT . Ax,S,
Az, + <AI,, + 2Ar + hZ )tnfl - ZAZ' (R + hz t/Z + 2

2013-01 FEIN AR £ZEHi (118°44'E,36°52' N) i 3¢
B AR AT IS . a0 R AR VUL L Ak rE AL
I sk 0% K BE 100, 0 m, FIEFE 10. 2 m. B &
4.3 m, REENTFI 1.0 m. K ILEE XG5 N
LI5S T 4.0m, FE 1.8 m. /& 3.1 m,
Ji 3 PN T 240 em JE B % 3% R 10 om JEE 1 TR B
+- R A A AL B AR BE T E ML R 2. 0 m
1) 58 T 5 5 e AN 2R TE 5 em JEE A 7K V8 T I A o
b Ab B8, R SR TSR A SR ST R A R 45 A L 1 (W) A a5
B R & 0 B CEVA B . 1050 1A 4] SR A H 30 45 75 #L
BRI B, 08:30 B4, 16:00 ., HGRE
PR TG o I A it > AR e v B R AT R S KL =N
T AL

T2 0 A5 A A AR AT 7R IR B D e
PG 5.0 m &b GiETFIR 2 b 3 oK 368 08 15 B SN 22 454
XPRSG ) BE AP BE  1L 5 m (G 35 RS O
U 2R 3.0 m) (14 J5 35t 2 T8 ) 358 PN T LA 3 E DU
FEATR]EEEE A B4 T BB B 4. R = 9 A
A R — 755 B Ak AT B AE R 4 2 P A AR AN
[ testol75 T3 daic st A0 & Jf i 5 dls . EE
DA TR — g P AT 035 T A 1A A B o R
P QTS-4 4 KAzt 4 B B C A I 3 IF 10 s £k
i Bl R T Agilent34970A U ds & £ AL, 4
10 s REE 1R,

BB TP A 1% R A T S 500 -+ g 1k
21 824 kg/m’® I ERL 1. 423 W/ (m « K)IHY,
FEHEHHCT 010 J/ (kg « K)o XU RE h =
8.7 W/(m” « K),h,=23 W/(m* « K)* | & 5|
Z RIS AW 5 B DL R 5 A A AR
D2 4 S A DR 28 X A5 94 A I e TR A T R N A 0
B 1 K PR R SRR 0.8,

BEPL 2 A5 2013-01-05 CHE ) 5% 14 i B Il
B2, REAUL 5 S0 Y 55 A A A% 0 IR B A AL L
Kl 3, Xt ERELE 1,



H Ot % 5 A — 4 S 310 MATLAB 85 PO 2087

177

VR /°C Temperature

|
——
wn o

R

m E

BERERRETW

Fig. 2 Change of simulated temperature in

B2 Ht

the wall of solar greenhouse

[N

2

g
g
<
=
g
<
F
&
Py
#
iE]

—x— S K5

—o— S, BERG N 0.1 m
—— S, BERG N KI0.2 m
—=— S, BERG N KI0.3 m

—e— 1A RN

—e— |5 ARG N K101 m
—a— {5 BERE N 1102 m
—— 5 B N 1103 m

l(’i—n—a—ramx—a—n—n—n-ha—u—mmﬁﬁ
g

w

-

@

S o

= or

= 5|

]

o 2

2z &> B D -

0 V VIV VIV v v
) T Y Y
S oo oo 9o 9SS
S d € ¥ S A g 8 xS A D
S © S S 3S = = ~ = — A a3

5} %] Time

—a— 2 BRI 1.5 m
—o— 2, BN 2.0 m
—o— 23, Bl A 2.5 m

©

—a— |5 FERS NI 1.5 m
— 5L FERS N 2.0 m
—— L RS N R102.5 m

& 3
Fig. 3

1R EE/°C. Temperalure

{RJE/°C Temperature

2013 4F 1 A 5 HBAUUBT 45 04 Ji 4 45 i 1L JEE 119
AR B S R A — B 7 A R 2 A DA
A D) FT Ik B9 S IE H G IR 2 5 B IE A5 L iR
R — YRR, U SRR I R T 1] A AR 2
I BETT I ) 3 20 THIE S G AR I R A T R
AR TR0 S5 1A B4 ) P 2 R L 38 3 A B4 52
HSEBR AR AN ZE B T R 2 HUBORHE B2 i
SR A0 B 1 O 5% T R T AR R R R Y
ST o3 %o e A AR s A2 UL BE E XY 0
DAL 2 AR A AN 32T . D LRSS 5%+ Bk 1 it i
W AEAE AR BN 2 2] A 2848 . 5) T AL AT B A5 A
BRI AP R R, L5 m M 2.0 m

I 3R 2 ORI 3 2 R AE T Il b A S i
25 N A5 UM E L 3 I A A i e

I8} ZI| Time
—— L BERE N A0.4 m ——— S BEEY PN A 1010.4 m
—a— P FERE N RIM0.5 m —a— S, B N 261605 m
—e— | H FERS N 1.0 m - —o— S, BRSP4 1611.0 m

I} ZI| Time

—a— PO PR N R 2.7 m —a— S, BERS N A102.7 m
—o— 5 BERE N RII2.9 m  —o— S, BERY% N 46 1A12.9 m
—e— P15 RN RIH3.0 m —o— S, BEY N A 1H3.0 m

)

BRBE T REENEERLES ST ER T

Comparison between simulated values and measured values in the soil wall of solar greenhouse



178 O A K R it

2014 4 55 19 &

x1 EEENDRESHR

Table 1 Error analysis on the north
wall measuring points

JBERE/m ERgEITIRE/+C RKiRE/C R/ C

Thickness MAE Eoix JO.
0 1.4 4.1 0.5
0.1 0.5 1.1 0.1
0.2 0.5 0.9 0.1
0.3 0.2 0.3 0.1
0.4 0.4 0.7 0.1
0.5 0.2 0.4 0.1
1.0 2.0 2.2 1.7
1.5 4.4 4.3 4.5
2.0 3.9 4.2 4.6
2.5 0.3 0.7 0.0
2.7 0.9 1.3 0.3
2.9 0.8 1.3 0.3
3.0 1.2 3.6 0.1
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Fig. 4 Changes of simulated heat flux in the wall of solar greenhouse
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