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Summary

Cultivation using rain shelter is very popular in summer because rain shelter has a sim-
ple structure using less materials than any other regular greenhouse. Although it has a
main advantadge of easy construction in terms of labour, time and cost, it has some disad-
vantage of poor ventilation and rain fall inflow. Therefore, the rain shelters being able to
overcome the problems, to some extent, are necessary to propagate for practical purpose.
Three characteristic types of rain shelter were analyzed using measured and simulated en-
vironment data. Type 1 was a conventional type with an arched roof, and Type 2 and
Type 3 were improved ones which were designed to have three arched roofs and three
sawtooth like roofs with the openings for ventilation, respectively.

The distribution of inside temperature measured was relatively uniform in Type 2 and 3
by the natural ventilation through the openings of the roof compared to Type 1 which had
no openings. The relative light transmittance measured in Type 2 and 3 showed lower
than that in Type 1, which suppressed the rise of inside temperature, For more accurate
comparision, the differences between inside and outside temperatures to various wind
speeds were calculated by the model. The difference in Type 1 was the greatest at lower
wind speed below 1 m/s, that is, the highest in inside temperature, but decreased rapidly
as wind speed increased above 1 m/s. Measured temperatures generally showed the same
trends as calculated ones by the model. As a whole, the improved rain shelters(Type 2
and 3) showed better performance than the conventinal one in ventilation as well as in-

side temperature.
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Fig. 1. Cross sectiona shapes and scales of rain shelters. Dot line indicates the vents of rain shelters.

Z AAdE BESAH FEE A 939 1
d RFHeoz AdE 2= 2R AAFAY o
g 39 T4 FHeE YA & Fig 29 2ot
EE Z AJHT ZEREE LS vlmsty] f5o
Z ANde FUdRe "OEA, Ay, AuFd,
AQ, AFe 2=2& A A} ASRE
=& A7 f8td R 1.2m EolYg 2%
€& &AsA

Ko HES Hetd AHE Ix42 B¥3}R
2t)9] ZEAE ARSI Z X Y 2§
23 AT Y BESAE 2Fd Fado] ¢
£ YXE dHald 1WE FPLHE 1AHAI 2
WRe ZEAE olBsUA ZHIAG. oz
B 12% 49 FAZAHC] oYy HEA AT
Ao wg ZzUHzE 4442 £ g 2P
#7159 WMAES A7 st dAFTEA
£ AHgEdn 7 §9le E4£2 18 FU 53
2A4sd YFAE At

2. 29ol| oF FRRE U RRE BE

(1) 8713 7184

detgoz Brle BRES BHKEE 74
03, 33871 AL-ATY Bhzed 48 &
higgsh A st o EHRKE TA
8o, @71 TEHEA Aue FHAE HEE
27, BAdl A8M FHED, #71%e @7 F
53 2 #IF S4 st APk AU
g 4Pst #7179 871%F Qstel BAE 4
()~ 2ok FU-FET7H 1AL SeIH
o) AN E DT ALLE BIFE ANY
£ gou, #7177 1Al FrtstE deAd
e grbsdAL EAgeld FAHMel sto
4ol sttt ARHA BIF A%

o: Measured location

Fig. 2. Measured locations of temperature for the
distribution of inside temperature of rain
shelters.



EEEBBRIBRR (RIS FLR)

H(6)e] APl FRTp,

Q=aA./%;g—|API %Y

4P=P—P,+F, (2)
pwzc%ivz (3)
g
tl"to
P=hyszq35 4, 4
V=V Eyi (5)
2Q=2f(P)=FP)=0 (6)

714, At 8717 BH(mY), ax BT TF
A, AP 8717 &9 2B (kg/mdold,
e AP204 A (L= r=7.2 3%, 4P
<0Y AH(AARE F%F Qm*/s)& &, r=7.
2 @ttt Ve 71E¥°] (9 ¥4, P, P, € P,
= 44 @717 F4E, 73 2 Ad 4w
m7|E)oltt. BBHL T4 FTLAFC) F,
Bhe W ex 4t 2 BT Fol(h) (YRt
o2 AHdM FAHAE), EF AWHLL o
AF+E2 7 FAAE 348t g 2 re 2%
FY7HEE 2 IV Fold, A 0 ¥ wre Z
7t A, 49 R 8717 HAE vehdd

(2) 22 ofg &71%F A

5 2 W72 2AXA, At PE T8
71 918j A= Newton—Rapson®¥-2 Al&3}7] z+
BT BAFe THAD. ¢ Yxbyel W
BE T A%t AV HmREY € 2R #
REELE AHEEt TolAld U W2 8]
Fe AARAT. A7l = AHEE ddy vaE
st TSR FEKEAMY AWFToie ¥
g7 2dg ol g&Anh JEAEL e ¥
o.

He=k(T—T,) Ac (7
Hg=C.XT:—T.) (8
Hs= tS(1-n(1-H A €D}
YH,= Hs+ Hc+ Hg=0 (10)

4714, Ce $3H 2 (ERBILE X HE =0.3kcal
/m*C), S& AAFHBLAFMI/m¥™), & #

Eatshol S0y d AEE(FEY B4 Ao w
24 0.5~0.65), As AU, we B EHZH /A
B (FE), ke JE8 FF L& (keal/m*hr
C), v YAFHE, r2 ARWHALE(0.1HE)]
o AERATF EGHEFL FAGAT.

Edlof AME3 2AF, MER HES FAAALY
A vled &, Zdo|, AFEo|, HupEe], ¥y ¢
nedy, 5% %4 T50~4m/s), Yrex
(28C), doA+HA LAF(2.0, 2.5, 3.0MJ/m¥/
hr), #ARA RS AAPEE(0.75, 0.7), Ay
AFE(0.1), SEE(5.0kcal/m¥/hr/C), 1B 1%
#he £=BAFY Fudd W (05)E A
Aot 71 2 AYeE AANFEL Fig 39 2
o}

( ~ Input initial values 1

Conditions of structure, climate, vent, cover and crop

| L

{i\ssume inside static pressure Pi and temp. Ti ]

Calculate vent. rate Qk of eack:n ;rent using Pi ‘

|

Use continuity of mass flow %

Calculate Pi satisfying sum of Qk eq:al 100

L Cal;:ulgte Lotalrx;(_ent. rate Qm b)rfrthe vent. ;nodel }

Ealéulaté’to-t_él vent. rate Qh by the heat balance mo&:ﬂ

Qk equals to Qh?
o

o Yes
|: Calculate Qk, Qm(=Qh) and Ti J

Fig. 3. Procedure for calculating ventilation rate and
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Table 1. Measured and calculated parameters for calculating ventilation rates of rain shelters.

Type 1 Type 2 Type 3
Floor area(m?) 54 60 60
Cover/Floor area(m?) 1.79 1.93 - 237
Volume(m®) 115.7 132.7 138.0
1 8.0,04 8.0, 0.4 8.0, 0.4
vi|2 8.0, 0.4 7.0, 2.1 10.0, 2.3
Area and e|3 - 7.0, 2.1 10.0, 2.3
height(m) nl|4 - 7.0, 2.1 10.0, 2.3
t|5 - 7.0, 2.1 8.0, 0.4
6 — 8.0, 0.4 -
1 0.8 0.8 0.8
Wind v|e2 —04 —0.4 —0.5
pressure e|3 - -04 —-0.5
coeff. nl4 - —04 —0.5
t|s - —04 —04
6 - —04 —
1 0.3 0.3 0.3
] vi|2 0.3 0.7 0.4
Discharge e|3 0.3 0.7 0.4
coeff. n|a 0.3 0.7 0.4
t|5 - 0.7 0.3
6 — 0.3 - o
2 ol gz e Ad doluA g2, FAWAL A28
A S5z 3Y% gol F4ol 4 ALE BM
1 MR ERRE Y ASm EE  BMel wAsd 22t dest do
s Type 25 o Hehol wstel @H fEel @

(1) AEYed 2282 54
Fig. 4= 37}x A d e 59 Jddo] oigh
=7he] L2 E§ vehd Aojt}h Type L—‘Z— 4
3

EES 2T X2 KEol §17] @& ¥

717§ B8 Ad@VI dojut: AR E & F
don YAR 2T E¥T FUF Hoz Yeyt
o AW E7 B Aol HlEtd e olfE Al
qdd 2 do] g2 Type 29 =AY A7}



EMEEBBRBRE(FSE B9

4iidoz 537 WRolth Type 3& A
£3¢ B 48 T/ AABslel st
F2%dY 2% 87178 BH wAUE A

&
g 4 Utk o9 e BR K
o] oFgt ZH2(0.5m/s A

Bxoz dvd FAT

iR E dwpd F
) 293 Ze) FX
do] wAlsE Aoz yeldoh

wRelE E<o] 0.lm/s o3l wupgo]l A
22 gt oz #FHAR, vy rexx
ax 7] Wi #rle Ad dojux gk
uetd ZZEX SAEZ A F¥ EF A9
B3t AgS vERR, Eol7t ¥3 @77 |
Hol Addoz Z Type 39 Zgo A3e F
Z1%F AEE 44 & YU ydde A
= Ad FdP BFXE Yt d@NHoz =
ddol Z Aldd #E7ir Fd F&£E FH 05~
1.0m/s, ©k7F 0.1~0.2m/s& e Y}

=

o

o|

24 ~

14 X\_/\/(

50 L~ TN

N

00 05 10 15 20 25 30 35 40 45 50 55 gy
Type 3

Fig. 4. Cross sectional distributions of inside tem-

perature in the daytime.
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Table 2. Comparision of the inside air, crop and cover temperatures under the maximum condition with 28.3
C of outside temp. and 2.79MJ/m?*/hr of solar irradiation at 13:00, and the minimum condition

with 20.7°C of outside temp. and 0. OMJ/mz/hr of solar irradiation at 06:00.

- Maximum condition Minimum condition
" inside crop | cover inside crop cover
Type 1 ' 36.9 32.3 408 19.9 19.9 19.9
Type 2 34.3 31.6 46.1 19.8 19.2 18.5
Type 3 33.9 30.9 46.4 19.3 18.7 18.7
2. 2do 2F NAREE 4 HBRE Ald o] MEE ol&3ld Ad HEE #UH ¢
Hess AUz ¥M3E Fao 712 280C, AAMHF
(1) A% BFxH e Jorj2st 2 871% 2.0, 2.5, 3.0MJ/m?hr, ¥4 0, 1, 2, 3m/sQ H$
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Table 3. Comparision of ventilation rate{Q:m?®/s) and inside temperature(T:°C) according to various wind

of Ad¥ed
ot

speeds(m/s) and solar irradiations(MJ/m?/hr) under 28°C of outside temperature.

Solar Wind Type 1 T i Type 2 Type 3
irradiation speed Q1 » :fli Q2 T2 Q3 __—“A T3
o 0 2.20 35.28 8.02 31.00 777 30.75
2.0 1 5.59 31.61 11.62 30.13 11.98 29.89
2 11.17 29.97 17.58 29.45 19.75 29.19
3 16.75 29.35 23.62 29.09 28.50 28.84
0 239 36.61 8.66 3150 | 840 | 31.22
2.5 1 5.59 32.51 12.15 30.57 12.40 30.28
2 11.18 30.46 18.02 29.77 20.00 29.47
3 16.76 29.69 23.64 29.36 28.77 290.25
’ 0 2.56 37.86 9.22 31.97 895 131.66
3.0 1 5.60 33.41 12.58 30.99 12.78 30.67
2 11.18 30.95 18.41 30.08 20.22 29.75
o 3 16.76 3003 | 2368 | 29.64 28.77 29.25
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