2020410 A Z?ikmw'%%?ﬁ %51 % %10

doi;10.6041/j. issn. 1000-1298. 2020. 10. 042

SIMRRERAMRCETE KUEMAREERE DT

F O O OE RLE? ETET 3 om0 I
(1. P EgO R EFK RS A TG, JLIT 100083 5 2. Al At i i e b T 8 A 5086 %, Jb 5T 100083
3. FRIGETIT AR AR AR ST e, AR 024000)

A . I MR R A S AR, BT T — i A I KL B N s ST IS e i S8 - LR
BEARGE(TSFU R245) o MR, TSFU RGAENE R Z = K AR Q, 530 (433.0 £48.6) MJ F1(199.3 +
0.1) MJ, RGTEREREL(COP) 45K H] 2.9 F13. 1, AL = NS4 H (2.5 £0.4) CAHI(1. 1 £0.3)C, HJmii
AR BRI AT T 40.2%  HRIZBHAUMHT 45 3R G008 - XML S RS HACRRR S 2 KMLEICRE 43 B 48
FEE 0,44 Fi120 B, ] HIEIIE R Q3 (67.4 £14.9)% FN(76.1 £14.7)% , B =K QBN (14.9 +7.6) %
(17.0 £4.5)% ,COP 155 3.6 +0. 6 LA L, W&/t o K R BUR R 2] 52 m?, af i 25 K @, Fl COP 43 5l 1=
(31.7+20.3)% # 1.0 0. 7, {HIE K Q, Fl COP K45 HN 0 KK ABUR/NE 13 m’ B, IG K Q, KZ5m , Bl L =
K Q. COP LW/, PRI, WT ] TSFU 22858 V15 SR SR 9 28 PR )

SEEER . BRI, 270 B UL, AMAIR ; 25 SOR A SR 2as
RESKS, $625.1 @RS A CEHS. 1000-1298(2020)100371-08  OSID: Ses

i

Performances of Thermal Collecting and Releasing System Developed
with Fan-coil Units in Plastic Tunnel Covered with Thermal Blanket

LI Ming'? GENG Ruo' SONG Weitang'> WANG Pingzhi'® LI Han' WANG Xiuzhi’
(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. Key Laboratory of Agricultural Engineering in Structure and Environment ,

Ministry of Agriculture and Rural Affairs, Beijing 100083, China
3. Chifeng Academic of Agriculture and Animal Husbandry Science, Chifeng 024000, China)

Abstract: A plastic tunnel covered with thermal blanket ( hereafter referred to as “PTET”) is type of
plastic tunnel with large span. This facility has the advantages of low construction cost, high land
utilization efficiency and large space, compared with Chinese solar greenhouse, which was widely applied
in Northern China for vegetable production over winter. Hence, PTET has been employed as a substitute
for Chinese solar greenhouse in recent years. However, there are no passive heat storage walls in PTET.
It is necessary to supply auxiliary heating in PTET to maintain high indoor air temperature (T, ) and
meeting the requirements of the indoor vegetables. To solve the problem, a thermal collecting and
releasing system developed with fan-coil units (TSFU) was employed to avoid high cost and air pollution
caused by the application of conventional heating methods. The objective was to analyze the thermal
performances of TSFU in PTET. In this experiment, TSFU was composed of 15 fan-coil units hanging
beneath the ridge, a water tank, a water pump and several pipes. By circulating water within the system,
TSFU collected the surplus air thermal energy in daytime and released them in nighttime to heat the
PTET. According to the test, the thermal energy released at nighttime (Q,) in solar days and cloudy days
were (433.0+48.6) MJ and (199.3 +0. 1) MJ, respectively. Q, in the cloudy day was just 46. 0% of
that in the solar days, due to low T, in the daytime. As a result, T, in the nighttime of solar days and
cloudy days were elevated by (2.5 £0.4)%C and (1.1 £0.3)°C, respectively. The coefficient of
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performance ( COP) of TSFU in solar days and cloudy days were 2.9 and 3. 1, respectively. Compared

with the air heater using natural gas as the fuel, the heating cost of PTET can be decreased by 40. 2% by

employing the TSFU. Besides, a dynamical model for simulating the temperature of water in the water

tank was developed and used to analyze the factors affecting the thermal performances of TSFU. With the

simulation results, it was found that, by increasing the overall heat exchange efficiency (1) and numbers

(n) of fan-coil units to 0. 44 and 25, respectively, Q, in the solar days can be increased by (67.4 +
14.9)% and (76.1 +14.7) % , respectively, due to enhanced heat exchange rate of TSFU. Under the
above conditions, @, in the cloudy days was increased by (14.9 +7.6)% and (17.0 +4.5)% ,
respectively, as well. COP was raised over 3.6 +0.6. On the other hands, by increasing the water
volume in the tank (V) to 52 m’, @, in the cloudy days was increased by (31.7 £20.3)% , while COP

was increased by 1.0 £0.7. However, (), and COP in the solar days was not improved. Conversely, by

decreasing Vto 13 m’, (, and COP were not impacted in the solar days but decreased in the cloudy days.

In conclusion, it was feasible to employ TSFU to improve T, of PTET during winter.

Key words; plastic tunnel; fan-coil units; external thermal blanket; surplus air thermal energy;

performances of thermal collecting and releasing system

0 35l

W EAL & FRARTES Wik 32k 7= 2 Z AR
T ER R FE A R HEAT IS 24 i 2
PRI E IR A KW EEFB, BT, E8mm
TTFBe, angA XU SR MG AREER e A 55
R BRI SR bR | S AF AR R AR (=7 PR BE 15 e ™
A W), RS T I R e e 2 Rk,
FIFKBHAE HbFARE A e | 25 I RE 55 nl 2
REVEHEA TR (A1 957 e R AR RS T PRk g

SEMBERIE IR R A TR, ZRE
BN AR R H R A = N2 IR E R,
BAEE R SR, v TR R AR
AN BN TA], B 25 SRR R B AR T I3 40
o A SE e 2R G | UR A RIS 0 2 G L T K B A
s SAENAR S, b PGS 2 45 KUHLAN
RV AE T A3 A H 1, WTAE R = RS R
FIAHLS 138 IR o 28 ORIV AAAE 138 1]
TR SR ENAET — R T
RS R g, HE AT T SRR AU I BT
BTN AR SE S B R A SE He 5 G 45 ) A
IBATRE S IS B R G AR, SCHR [ 14 ] £ %t
—H 15 m® (YIRS T U B B B A A
MRS, X ARG E N TR RRAE 10C L, 3C
k[ 15 ] A MRS T 1R 0 U9 A PR At & 25 SARE, 78
AR [0 3 X 3t e AR A | A S 2 KT il
AR L B, % R G B AR FEAR 1. 9°C
[ B4 = 3. 0°C . SCHR[ 16 | FH B A1 PRI FR 52
FE KA TR IR 28 1 K | BH R4 TR0 E 73 3l 412 5
3~5CH2 ~3C, HETKREHRMNZS AR BERI
ARG R Rk —Fh E o AR 1%
RGN R Gl T8 i KL 2 A B

il

HERERK P A8AE 0 TR, BA B A AL
BROR , EIN A B T RO B TR R 26 B
2 URAFI IR G, I EAT 1T T 2758 TERE S
I FHBCR A T Ao 0

MR RIS A I R B R 8 il L7 =
PR, L 8 TR s (] K st A 3 e A
I TS T . ARk s P 2 2P SR 2
FERHIAREAC HOGIER % EAMRR K= NS
TR, 25 5 R 8] 28 N R AR B4, XY 1
JRCARIEL e 22 2 AR A IR S S, AR T 1) SR
TROHI ) BA A e 1 28 N AR, 200 e s
SEABE, T TR R A Al B BETE
FI Ta] 38 23 U 2 3 % oh , R AR B R H

BEXF bR A, A SCB T — A 5 R v g% - X
BLE KM R SRR Y 2 ORI TA R 58 (LA
IERA R A - RHLEE A R 55, Thermal collecting
and releasing system developed with fan-coil units, ]
PR TSFU R 40) . %R GLiE S 0% 4% KA LA R
H ) Ha R RE B IR AAAE & KT I, T T 1R
)2 N . ASSCRTERTSEIZ RGN T oM il K
WA SE AR BE A TSFU 28 48 25 /K it B A 1Y |
FEIIT RS & K MR AHEE R X TSFU R G4k
TBATERERY MR, it — AP AL TSFU 28 Ge S Tl
PEREIR S |

1 #MEEFE

1.1 SMRIEIR IS KA

RIS FHAMR IR RO T NS AR XTI E R
W 4E (118.9°E,41.7°N) , A W4 E [, K76 K
140 m A &5 4.5 m, 50 KM L 5% R FH 2 4 0% g
T, A A0 == T A A T, A KT b T AR
FEA 5 8 m 6 m, J= [ A 2 Rk B A AR T



410 3

(HOE + KM o KWEE T 05 58 W HE R Bk
2 m FYSEAE BEHEST ARG R R 2. 6 m, L SR
PR 6 KA HR TRI B T, PE AR SRk X, 4 1
SR R X, 06 DX Xk R XA ok 43 48 B 5 oE 4 —
£SO T TN TS TR L 1 i | 1 N LR
Yy, R HEVE R, b0 = TR T s 2R R A
RAS, AR 2= A, a2 TR 30 B 4 T
FIE A B B 43514 08 :30—09 :30 F116:00—16 .30,
M N AIRE S I, T R 0 J== TS g X
17 HARE X,

1.2 TSFU 4% 5517

TSFU RG R 45 KL & Aok K 2R
AR A, ZRFELT 15 AR K
Pl #c4. 0 m BRI MEERE T, B5R%
P RKHL B S AN 42 P LA A R E AR
0.4 m H AT 120 W B RHL, & HoKHA F K
BIPGALI A 2R 31 m® B K Y K A iR AR
26 m', WOQIS —20 2.2 % %K & o) KR
2.2 kW, 820 20 m, ZAAEFEHUKI N, LR
P38 3 B4R A 50 mm () PVC 45 AR HEZK A
KT G,

fEHE, M E NS (T,) k5] 20 ~22°C, H I
IR (T, ) # 4°CHE, TSFU 24803 3l , 187K 7 FXUL
[FIRHZETT , 3RS A o A 7K i 28 % 28 - KWL, OF
WIS PN 28 S i SR TR [ K rp Rl
LM SRR A E KT Y T, KT 20°C, 5%
T,~T,/NT 4CH, RG] A5 L ER, TERE,
27 KT 10C, H T, T, KT 4°CH}, TSFU 24805
Bl KM RXAL R B2 A7, 38 96 8 E 7K
IR, FIFHERVS 25— KUHLKE 35 7K ith i) 4 2 B 0 28
WK, %5 T, T 13csk 7, T, /T 2C
i, RG] 158 1,

1.3 MWiXAFR

KW T, A T, A s i A B =Rl 1 iR,
MR R PH % R A% 28 A R SR A
PERRET, Hodr, 7, F1 T, {8 B Ptio0 264 e BH )
(MRS - 50 ~200°C, M EREE R £0.1C) , E
AMIRR T SHT20 BUGES R 18 08 J3E % B il it (0]
Bl —40 ~125°C K5 +0.3C) , E NS K FH4E
HRPE R YGC — TBQ A BH B4 S A s i (i
PUR RHEA BRA A IR EE 0 ~2 000 W/m®
KiEEN +3 W/m®)

RIS T A A E S A BT ]2 10 min,
$£2020 4£1 A 16 H 08:30—18 H 08:30 Jy HL7Y iifs
K, 2020 4E 1 18 H 08:30—20 H 08:30 W
AL K,

2 A5 MBI SEEL 218 25 - WWLE R R Gtk Be i 373
AJKRMA @ SIREMA m KEHAERREI A
<
g
9 .
‘:i | 9/fj = 4 =
. m
| I‘T%% 2m | 8m J
(a) SLHHE
N
f] 35m @
Vot [ . . . . ;
gi <. . . ;cé
0 [ 24m J o 23m J, 23m g, 23m . 23m |, 24m | <«
le 140'm i
(b) R

BT SRR IR M2 H B s A
Fig.1 Sketch maps and measurement points in

plastic tunnel covered with thermal blanket
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