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Theoretical analysis on the heat-releasing volume differences of
back walls at different heights in solar greenhouse at night
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Abstract Aiming at the phenomenon that the heat-releasing volume of back wall at different heights in solar greenhouse
are quite different, this study first deduce the heat-releasing mechanism of the back wall formed by the outer low
temperature through greenhouse cover by using physics vector principle and the gas molecular movement theory as
foundation and then carry out the research on heat-releasing difference of different heights of the back wall in
combination with the heat-releasing mechanism and the differences of the temperature of back walls at different heights.
The results show that the horizontal component of the external low-temperature driving force increases and the density of
the horizontal component of the external low-temperature driving force in the back wall decreases with the decreasing of

the back wall height. The heat-releasing drive formed by the outer low-temperature is the function of the product of
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driving force with the driving force density,and it increases with the height of the back wall decreasing. The temperature
of the back wall decreases continuously after releasing heat. The heat-releasing volume from the back wall increases
gradually from the top to the bottom,and the heat-releasing volume from the bottom side are 2 — 3 times higher than that
from the top side. The deduced exothermic mechanism can explain the heat-releasing difference of different height back
walls,and the heat release of the back wall is a passive heat-releasing process driven by the external low temperature.
The difference of heat-releasing volume is mainly due to heat-releasing drive caused by external low temperature. The
heat-releasing volume is affected by the heat-releasing drive and the temperature of the back wall when the temperature
of the back wall is high and the heat-releasing volume in the middle of the back is also high; The heat-releasing volume

of the back wall is mainly driven by the heat-releasing drive of the back wall when the temperature of the back wall is

low.
Keywords

heat release

H OG5 5% HoA &I AR, A RE
H 4 S5 FR I L 28 [B) RS T3 310 0 % P L AR il S AE R
V) 75 B TR R L R TR N IR R A
G il R AR A K T RN R TR R AL L
1 B FEW 3% 2 R A AN R R AU DL PE Y 5
ARES TR RS A 7 T TR R PR B A T L
AEEEM.

EL A AF 58T J5 5% A R AT T 00 A0 o A, X 4
RIEAT o 2 AR 45 2 10 B AR fb 45 A B IR R R 8
THEA I KA ] Bty 1865 kJ/m* . /R
] ST R 869 kI /m*t s 7E 5 Kl 2 1T % HG
AR F 15 min $ R BAE L AR R 6B R AE AE
THEL IS R 8] R 1. 90 MJ/m? L B K 7K 1]
AR R 0. 76 MI/m*t " AR I % 2 1R E 5 IR
A RREZ 2 S A R R A R BT
KA Bt i 1,06 MJ/m? ., B K% [d] 21t
FCHE A 0,35 MJ/m* L LB #IF g I L 28 B Ak
£ N i o= Ny e o N e S 2 S o £ T B
B E A R HOH E VR R AR R TR R
BN E O 52 MR IR BT S A 2 T ) B
R R E R RN, 3 E BURE K R
S AR A IR A 208 R N B IR R L BB A
TEER R IR . B 98 KBS 5% 2 18] A O R
5 AN [ 8 A B 25 A R 3 22 AR 2 B
i iy I 5k 2% TR B 22 00 1 LY 25 R B R (R R =
IR A o A AR IR 7 1% 2 1 X 25 ) i 3 B
J B ARG 0 AR 52 ) S 355 I 38 R AT R SR F
EIE

AT FE AU LA B 2 R i R B SR S F B LIS
Sk RS A, X A G T A o A S B R
JICRALBE HEATHE T L 255 I 05 28 TR I L5 355 3 B i

solar greenhouse; back wall; heat-releasing mechanism; driving force; heat-releasing drive; passive

2y 2 75 T8 PR ER N i 5 AN TR R AR 22 Y kAT 0%
- DL O 58 38 )i B OB S fe 1 BB AR

1 RS

1.1 RWR=E

RITE IR 2% (36°11'07"NL117°06'51"E)
A A K206 JE b H OB iR = 8 oE A7, = o 5
JEEETZEE. T 0.5 m ALK 50 m, 5
9.3 m; iR I Ry B 4L A5 H, B A5 BB 55 5 5 B o 1
Bk, 4.5 m, EERYE 2.0 m, FABTE 3.5 m; K
Vi) T 2 T 7 i % Ui 0 R R DR R Sy A 7 L il
FHE PRI R T B 4 75 AL il . TR 2 o8 ok 7
A9 H 15 HEH . e TRk .
1.2 BXREREAEBZERRERSH
1.2.1 & Z & A K

56 B AAG d RR R AG TR R AN R
(TORYBEAR ] Ty AR TR E 2 R (T |l =
B o B T ) A SR 5 TR N A ) AR R
KJg T, BEAR. T /DT 05 55 R TR B (T5) | T R
BECT,) P % 25 A3 i X 3 e 30 5 05 05 2 1 L Ml
T AT AR A 4 s S Bl T L b T 5 R S R RC
Wi T, T, BEAK, 5 5% . 1 8 #0im: ) Ji5 8% ¢ 10 L b vl
T BN SR 5 R B R & N 5 B T UL L B
POZFESN FARIRAE N g s i, T B, i it
HEHEHECS R ER L, T, B IRES 555K
2T b THT P9 6T 0 40 PRI 25 8K, JE L b B R
I T KR/ 5 5% et i, &
S WO AOR =R 1, EARE . T, MRS
2. BRI ERICAERM RETIAETA
PR, L 2 OO A AR VR R B9 5 5 L SR
T % 25 AR AU AE I e A



114 bR R R R

2019 4 55 24 &

L 1T SR

Heat release through cover

b
Back wall

T
T, JEREEH ? "
|:> Heat release from 1A

back wall Heat release from soil
T, f

T, R Es R T, Rk
Sy b TR IR

T, is temperature outside greenhouse. Ty is air temperature of

AR Ty R ndm R m i . T,

Bl
B

greenhouse. T3 is temperature of surface of back wall. T, is
temperature of ground.
Bl WEOBXREEZERAMATEE
Fig. 1 Schematic diagram of heat release through

cover in solar greenhouse at night
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C is the curve formed between the cross section perpendicular to
the back wall and the cover of experimental greenhouse. o is at any
point in the coverage. [ is the tangent of the cover at o point. aab is
perpendicular to span. F is the driving force of thermal insulation
internal temperature gradient on the production of greenhouse gas
molecules. F, is horizontal component of F. F, is vertical component
of F. 2" is the driving point of F, on the back wall. y' is the driving
point of F, on the ground. « is the angle between F and F,.
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Fig. 2 Orthogonal decomposition of external

driving forces in solar greenhouse
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Fig. 4 Variations of the proportion of heat release driving

on the back wall at night solar greenhouse

1.3 A&t

WS TR 2 S H R 10 P8 30 mo &b, 7E S B
FEESHT 0.1 m (Py). 1.1 m (P,).2.1m (Py),
3.1 m (P 4.1 m (Py) b4y 50 15 B IR B AL A8 A
FRUER o IR 3 A2 SR AR A T AR B W S i R T R A
BWE S5 o, i AL AR W 0 IR EE 4 B
Ty ~T; e , AR I 2 ) 2400 % B 4 il Hy ~
H; #/R.

Pi~Ps gl g% I BEAZ IR AR R PR AR o

Ti~Ts J# W s0RE  Hyo~ Hs 2% 00 s JA 00 2% 1

P, — P; are test points, * are temperature sensors, | are heat
flow plates.

T, —Ts are temperature of test points. H; — H; are heat flow

density of test points.
Bs5s BREZMMUIESR~EE

Fig. 5 Schematic diagram of test points of solar greenhouse

D) ZASBIF AR 0 a5 i 38 7 1 Aok S A M) i
JEE AR 3 TN S ) R O 5 D O i B A
B A5G o BN TR v R R 25 S O IR B 25 R X
Je i AN ) e JBE A i 22 S AT 0 T

2) 1 B 0 400 1) 25 — it J3E A s {91t 58 L 3 5R 4%
0 2 3 7S 491 G RE IR £ B 22 3 SR I 22 % 0 A
IR OR T 0T A% I A AR AT X

3 AT iR JBE AN AR B R JTNT-C 23

TR BRI A IR AR AR R AR SR
FENLE —20~85 Cs i E £0.5 C, % &0 ik
0.2 CHRESFHFR 0.1 C, MRRBASEL: 1
WAL 0~2 000 W/m” i EETE Bl —50~150 °C
5%,

5 1 fa] &y 2015-12-15—2016-01-28, #(¥Eic
SFENEER T 18:00 F5 2 R SR 0600, [H) fF B
] 47 5 min, DURE/NEIN A2 (4 12 A 5008 09 BB AR
IZ B 2032 D A5 ) IR R I B 5 DL 13 A AR
1) B4 Ry 12 R T 3k

TR0 JU1 [ I 38 ML EE 22 BIAR K, A IR 50 3 ) o5 g
(2. 4 °C,2015-12-23) FIFR AKX & (— 13, 94 “C.,
2016-01-23) Ji5 4% ik B A A G 647 504
1.4 BB

H Matlab {44 25088 s FH Matlab 44 Xl
SO B B 1) £ A2 Ak R AT B U G s T Matlab #04F
Xof FACIAL %% B B AT ) ) AR Ak 1 AT RO L JF X LS
PRECHAT RS I B85 45 5 R B A2 AL P00 R BORD A AL
9% JE AR A AL G PR X AN TR A5 7 7 48] T R R Y
PO PEAT I FH Matlab B0 b A5 H0G % 5 A4
{85 i B Z (B 0 56 R AT B LA SR 5 SR g 0L 6
PR ES i RR B T H S R O

2 HERESH

2.1 HEEEHEEERARENRREE
2.1.1 RIBKGHE A @R Ef R E R
8] 69 T AL

2015-12-23 74 [A] Ji5 355 3% ThD 45 D A 3R 32 L 00t 2%
JEAR AL & 6 TR .

D) J5 55 B A & 5 A I AT IR BE B U R AR
(B 6Ca)) ;i) T, >T, >T, >T,>T;, K
Wi T, FREHFE/NT T,~T; T FBE#EZR,23:00 LU
J§ T, >T5.4:00 LG T, >T, . %) T, >T,>T,>
T,>T;,

2) T [1) % I o5 ke B o 22 ) AR K (L 6 (b)) Tl #A
Wi H, /N H, .H,, X+ H,.H,.22.00 LLJ§ H,
KT H, .H, . %48 H,>H,>H,>H;,

MBI Hy /NF H,  Hy s 2 T R
T, /INF T, T, W ;22.00-23.00 R4 T, <
T, fH H B4 KT H X2 T Py 5052 B
KT Py s 52 B 09 K B 38 Y 5 4: 00 Z i
R&E T, —BH/NT T, H, M\ 22:00 ZJ5 50 IR
KT H, X W2 T Py sz 88 SR s KT P,



%7 SRAR A . HOCIR % A RS B A [ TR 22 R R LR A3 T 117
161 (a) =z 16 (b)
® Z o +
S I5F % %14_°:*gg0+* s+t o+ 4
é M o é * + * o o *
Euaf - UL oo e A B R
Oi roe < + L ™ *
=] * % 5 = 10f
& 13 * .09 ® a .
5 * ® 3 E gl
& . * o, L) ;
®o12p *ox & 6f
11+ {&E 4L
+T of, xT, - T, =T, e +H oH, =H_ -H »H,
10 S S S ST | T
17:00 19:00 21:00 23:00 1:00 3:00 5:00 7:00 17:00 19:00 21:00 23:00 1:00 3:00 5:00 7:00
I8} ZI| Time I %] Time
E6 RERSHNEERESMNREE (a)MAREE(D)HWETL
Fig. 6 Temperature and heat flow density variations of the test points

on the back wall of greenhouse at high temperature night
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Table 1 The functional relationship between temperature of

test points and time at high temperature night

DY EURENTE 4

Fitting function

B 75 fot

Test point Norm of residuals

P, y=0.0162>—0. 4z+15 0.23
P, y=0.0222>—0.562+16 0.24
P, y=0.0252>—0. 632+16 0.23
P, y=0.0202>—0.522+15 0.23
P; y=0.0232>—0.582+15 0.28
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Table 2 The functional relationship between heat flow

density of test points and time at high temperature night

NS ) B 2B
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Test Norm of
) Fitting function

point residuals

P, y=—0.000 86x*+0. 042" —0. 642" + 1. 11
4. 1x+4.9
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2.3x+5.4
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2x+3.3
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Note:In functions.y denotes temperature,x denotes time. Table

3 is same.
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Note:In functions,y denotes heat flow density,x denotes time.

Table 4 is same.
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on the back wall of greenhouse at low temperature night
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Table 3 The functional relationship between temperature

of test points and time at low temperature night
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Norm of
Test point Fitting function
residuals
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P; y=0.007 8x* —0.32x+6.2 0.13
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Table 4 The functional relationship between heat flow

density of test points and time at low temperature night

. . B 2518
LU A pR %L
Norm of
Test point Fitting function
residuals
P, y=0.000 392" —0.009 8x° — 1.70
0.000 872" +1.4x+20
P, y=—0.000 372" +0.022° — 2.68
0.312* +2x+13
P, y=0.000 83x*—0.016x" + 1.75
0.036x*+0.83x+12
P, y=—0.000 432" +0.022° — 0.95
0.312*+2x+9.1
P; y=0.000 93x' —0. 022" + 1.54
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Table 5 The integral value of test points at
low and high temperature night Y
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Fig. 8 Relationships between integral value of heat flow density and height of the

back wall at high temperature night and low temperature night
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