Protected Horticulture and Plant Factory, Vol. 25, No. 4:270-276, December (2016)

DOI http://dx.doi.org/10.12791/KSBEC.2016.25.4.270

pISSN 2288-0992
elSSN 2288-100X

Saisiec0l fEF U 20 ME WY SN 24

- ussEl - AEY

SRS} A AP AT L

Analysis of Heat Transfer Characteristics in Response to Water Flow Rate
and Temperature in Greenhouses with Water Curtain System
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Abstract.

This study analysed overall heat transfer coefficient, heat transmission, and rate of indoor air heating

provided by water curtain in order to determine the heat transfer characteristic of double-layered greenhouse
equipped with a water curtain system. The air temperatures between the inner and outer layers were determined by
the water flow rate and inlet water temperature. Higher water flow rate and inlet water temperature resulted in the
increased overall heat transfer coefficient between indoor greenhouse air and water curtain. However, it was found that
with higher levels of water flow rate and inlet water temperature, indoor overall heat transfer coefficient was converged
about 10W-m™-°C"!. The low correlation of overall heat transfer coefficient between water curtain and air within double
layers was likely because the combination of greenhouse shape, wind speed and outdoor air temperature as well as
water curtain affected the heat transfer characteristics. As water flow rate and inlet water temperature increased, the heat
transferred into the greenhouse by water curtain also tend to rise. However it was demonstrated that the rate of heat
transmission from water curtain into greenhouse with water curtain system using underground water was accounted for
22% to 28% for total heat lost by water curtain. The results of this study which quantify heat transfer coefficient and net
heat transfer from water curtain may be a good reference for economical design of water curtain system.

Additional key words : energy balance, heat insulating effect, heat transmission, heating effect, underground water

M

rh

AL 3317 AR 2R WHilolw B slal oFg
Zog Tkl AES Al = Qe Aol gt o]
2 98 24 RIS urPdee] AEASol
A== 2HHojoksla TS o] 83 7] I
fAE ZTIska ok Ty 246N AlMeEe FX
o} HEA = e 2 gdo] e ekl AAoltk(Xu
5, 2014). $2Uele] A9 4o whiEAo] A )
2] LAMA L] 30% AEE AR 5 Wi Z
848 3] STk o, &4 WimvE Al
o] 7gn9] 30~40%= XASkaL o] FrFGl Het
] )32 ATHMAFRA, 2015; RDA, 2008, 2014). ©]d]
g} 220] Heds mole Aol WHIE Zo]7] ¢

HAHQN tioke g H71E Tt Arinze 5, 1986; Zhang

o

£

r

*Corresponding author: khgweon@korea.kr
Received September 28, 2016; Revised November 9, 2016;
Accepted November 11, 2016

270

5, 1996; Teitel 5 2009).

FiHAMlE AF 993 25 Ak AgkE H
dehe- gEH| Adie] B2 YAe ok ke
e de og 1980 dt] Zoll ol =HENU
THRDA, 2007, 2008). 3] Fukedle 201419
6,381had] |23 om UIBEE s B]Isk2o)A
AREE AL JATHMAFRA, 2015). FHAiA 2Rl 74t
of ofsl WEE= dEe] tifte] 249 E&Hs
A=t AFSEER Wirdo] ofd RegFaoR
FH3L JTHRDA, 2007, 2008). ololl we} ZF7kA]
TA|2E FAATE ] B 9 AR Ee] o
3lo] F2 o] Folx] Sith(Kim 5 2015; Lee 5, 2007;
Park 5, 1988; Yun & 1988). 12|\} oA WEg
= g dRe 249 7k ogEe Ao YT
A3l 9Jem, Walker (1979)%} Walker 5(1982) o]z
gk ute] kg 7S flate] b SAEERAES
AQKIAIL, MAF (1998)2] Aollr= A8 3)H4S
ol g3l FHfER WE FHAGAFE AESIY. 1
Hu} olggt A= B AP0 o]EA4 A4S B3

4 Mz 12

Protected Horticulture and Plant Factory, Vol. 25, No. 4, 2016



g

Fosters] £ % 20 WE B

F2 FHiROm, Aol s WA Sl B
I e e = EIE
}E PHF ATE Fohis] oleidirh

B Ae Fuieds] ang 54 32
TR G B oSS LelN Fufs 37
oo mE £ oNE Agut dunred B
o] WskE vlm RN, T el T
FFGY LA ALEs Qg ug NEE ¥

Aoiet.

g
©
r
ol
B

e o

1. ME241 SEAIS

Ao ARESE 242 A DA AT @Y SRR &
Aol $IxgE SE olFHIds~Z, & 8m, o]
40m, A5£0] 3.6moth 248 JHFo7 123% BF
0.lmm FA9] PEEECZ IE3NL. ¥ @IE
EZRAN e 2904 sttt Al ARgg 2
A|Z=Hl2 Fig. 1014 He nle} o] ko 2 ARE3t A
SrE 7RAAX(RTRYE)E ol8st] AFES o
THA] AL8Shke 8k FEARIo R Frds 7R
AR, SRR WHE o]83le] JTPE -t
FUT AT 15 3P Ui 8ulRol AXxste] Fato]
2% B 4 Aeoll 12 AXHEE S

Tl Vlean Hs 93 A3 20159
129 319%E 20169 3Y3A7IA] =331t} 94
2Hle 9% SAIRE 9 d o AR JFEEES
3199ar, Blalel] o]g3lk tlojHE Ik JES
aslslr] flsle] 2% SAIRE 9] A oA A &
A3t dole e ARSI T3 A 2ERS AA]
ARESRE P oRE FHA| 7ol Gl gt 4
2g 7hsshe Ae® HAEal JthMoon 5, 2012).
mEbA] £ AXe AF7IRE T oRE HA o]

o

(a) Water curtain system

Fig. 1. Photographic view of experimental greenhouse.
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Fig. 2. Schematic diagram of energy balance of water curtain system.
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Table 1. Water flow rate per unit area, specific heat and temperature for experiment.

. m CP TW-IN TW-OU'I‘ TIN TB TOU'I‘
Experiment 2 . 1o o o o o o
P (L'm™s™) (- kg'oCch) 0 C) °C) O O
A 0.00144 4192 13.5 7.3 8.0 1.3 -0.8
0.00224 4192 14.3 9.0 8.7 2.5 -14
C 0.00269 4192 14.7 94 9.3 2.4 -1.9
D 0.00261 4192 12.8 8.6 8.4 23 -1.6
E 0.00271 4192 16.3 10.1 10.3 2.7 -2.0
F 0.00266 4192 19.8 114 10.2 2.9 -3.5
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Fig. 3. Comparison of overall heat transfer coefficients (Uy.in (D)
and Uy.p (m)) by heat transmission of water curtain. Water flow
rate per unit area (L-m>s™): A 0.00144; B 0.00224; C 0.00269.
Inlet water temperature (°C): A 13.5; B 14.3; C 14.7.

0.00224L-m>s'2 0.0008L-m?>s' 713l @} Uy
9} Uppes 42 12, 0.62W-m2°C! F7lsion, 41t
o] 0.00144914 0.00269L-m>s' 2 0.00125L-m>s’!
Z71e e 42 327, 0.95W-m>°C! 7Y &
o] S71eel wet Upn 7k 23S 53

= N

SHAl BAal, S7EEE 345 ARe AS ERIE 4

AT HHH Uype S7H50] Auidoz 2R A3
< B2k

Fig. 45 3952°] Uyn® Uygel IXE 938 T

Wl f8td Faa2el WE Upndt Uwsel WSS
el Flolth o] S 0.00261~0.00271L-m s
&2 vEE AT 200~208L-0.1ha?min) BE BIS3SH
A9l Upn® Uype 3F520] i 12.8°CY o
Z¥z} 545, 3.82W-m>°C!, IE5Lo] i 16.3°CY
) Z}z} 8.73, 4.44W-m2°C!, FF50] T 19.8°C
A o Z}z} 10.06, 3.26W-m>°C'oE Jehdtl FE
o] 12.8°CAA 163°CE ol Wl Uy
328Wm2°C", UypE 0.62W-m?>°C' Z71313eH, &
5ol 12.8°CollA  19.8°CE =obd wE Uy

Ao -A 25, M252 M4 20164

Fig. 4. Comparison of overall heat transfer coefficients (Uw.n (O0)
and Uy (m)) by heat transmission of water curtain. Water flow
rate per unit area (L-m>s"): D 0.00261; E 0.00271; F 0.00266.
Inlet water temperature (°C): D 12.8; E 16.3; F 19.8.
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Table 2. Heat flux transferred into greenhouse and outside by water curtain.

Experiment (WQIYIQ) (W~[frmc-‘) (\%@2) (w~lrjn\-v2"B°c-‘) (\3};;?2)
A 37.6 3.44 8.2 3.27 29.7
B 50.0 4.64 13.9 3.89 35.9
C 59.8 6.71 18.5 4.21 40.8
D 455 5.45 12.5 3.82 323
E 71.2 8.73 25.5 4.44 46.4
F 93.5 10.06 53.8 3.26 41.2
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