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Prediction and Control of Temperature Environment
Inside the Glasshouse

By
Satoshi Iwakiri

National Research Center for Disaster Prevention, Tokyo
Abstract

Microclimatic environment in the glass- or vinylhouse is experimentally studied
for deducing empirical formulae in relation to meteorological conditions outside the
house and to architectural parameters of the house. The data of heat balance are
used to determine sensible heat transfer coefficient by which the temperature
regime inside the house is expressed. Stationary and non-stationary models are
examined for the prediction of temperature regime inside the house. Climatological
studies on heat balance are also made for elucidating the applicability of the
methods controlling the temperature regime in the house, in relation to the
geographical and annual variations of agroclimatic elements in Japan.

The total of net radiation for daylight hours inside the house increases in
proportion to the daily total of short-wave radiation outside or inside the house,
and these relations are approximated. The value of heating coefficient characterizing
the heat or radiation balance inside the house is 0.03 and this value is smaller than
those obtained for cultivated and uncultivated lands.

Heat balance analysis and temperature observations of the vinylhouse mulched
by polystyrol plate (3 c¢m thick) show that the intensity of soil heat flux at the
floor plays an important role in the development of temperature regime inside the
house, and that more accurate evaluation of soil heat flux is necessary for
determining the heat balance characteristics of the house.

Three mathematical approaches, namely, the analytical model of temperature
change, the stationary models with and without consideration of ventilation and the
non-stationary model are examined for the prediction of temperature regime inside
the house. Assuming the reasonable values of meteorological and architectural
parameters, these approaches are made to the relationship between the temperature
regime and parameters such as net radiation, ventilation rate, heat transfer
coefficient, dryness and so on. Numerical experiments show that the above-
mentioned approaches give plausible results as to the temperature regime inside the
house.

An empirical relation for predicting the cooling degree-hour at temperatures
above an arbitrary critical temperature is obtained by processing the data of diurnal
change of air temperature inside the glasshouse. Cooling load of the glasshouse for
summer season is determined by the heat balance method. In the soil-air heat
exchange method, the length of the underground pipe, which is necessary for
cooling of the inside temperature, varies with materials of the pipe and with
temperature differences in temperatures of air and soil.
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1. 05
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AT 0.53

% T (2.8)

TIT R NEFASE ly/day. RIEHISHHSBOBEINCE L % - TAMIZHIM L, 300 ly/day T4 2.5
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Tz H T SN REE, £& L THRES SUITHERE TO4 B L ME L & 45, BRI IZEE L
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R OB & a5,

26 ILRENT VA L7, HADRBBRTEP4~10CORMIZE 2 D125 L, NERROET
FEIZ5 ~12°COFPIZH D b TR TFEAKE . NEREMETE T & SRBOBTE T, L0OH
fRix, 2E¥DOXThobTILHITES.

oRs C. (2.7)
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HEE AL B 230N TRMIZE T 22HMEESEY, BITHIDEVGEESEICE52 b5
EARRURO MR & - 3 6EF OB SIS e A A L 4 5 TH Y, Wb & FREE { COEBEERE 1T
KEVAH, 2L LEO@E TIREEEEIZIZEALEE L, HERE (130 en@ 3) 12< 5RTENRERIZ 1 ~
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49~57%% A TWA. bhbhAzr 50~60 %O, fiELD DS (HEIDEVY, ChbDERDT
ZEEIE T L —AAN Y ET I ADLREIZIREONRETHASD.
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B cEALTCEwEEZENS,

(3) ENMiNHBE ENLEHNSE S,/ R,)

Ubing (1961) 1%, R, &, SO B&EFEIZ DV TORGERE RO T WS A, EERIITME OREFR A &
{Zehah, 2oMOEROLLICES  SOMEBAOBENFKEVWOT, HEENE RICZZATH
BT ANNENTHEEHZENS,

B2ASIRENTVA LI, (R E ,SEDMMELEbHTEL, BEORFEII>ENDLIIHS
hxhs,

. 8,=—8+0.87 ,R. ly/day. (2.16)

ZOMFE T A NHMES EOREE ICHHT S 2 LA TES,

Ny AREELERGTE R, SHEGTE S oREAERL 2B kE, WFEOL (( S/, R,) &
IR ECTRINEL, ZhdhhbNAMAL AL B LAIKR Z £ /0v7 AT, RERED
R E S ERMATO i O IA, HAMZIERLTVwAZLERL T340 L8605,

(4) Heating coefficient OHH

HIAELZEOL I BN E TR A5 v 2400, A2 T MMz & & & 5 B uihst
WA OME & 4 2 LIRS S B,

Monteith 5 (1961) 12TFS& 0T (NN, A b % E, #i) ©, Mgt o i Esed)mn g b

z
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Table 2.1 Heating coefficients inside the

) [ glasshouse and on an open
5 40 field, and the factors related
. / to them.
£ 30l o 0 L7 u*”
5 # Glasshouse 0.97 -2.9 0.03 =0
3 i Grass* 0.82 -5.9 0.22 1.4
= 5 o Bare soil” 0.73 -5.9 0.37 1.2
g / % after Monteith (1961).
; s % % wind speed at height of 2 m.
£ 1ol i
"t RZERT 5 Bk HA ORI & OFIA % heating
2 il coefficient {y) & LT, BHEH DD HEIN L
=3 i | =~ - F3 — G
5 s % . = 4'0 HHEELHhTIEERATVS, 2B TLH
Rsl1-a) , ty/hr W ENEMEERA T T AEORSNT L AICH
Fig. 2.16 Dependence of net radiation TRBsE, yd2ENEIIHLbENS.
inside the glasshouse ;S on (R, (1—a) )
absorbed total short-wave 5= 1+y L, ly/hr. (2.17)

radiation ; R,(1—a ). ZZT Lyl RAODEE DKM KEOT

VAR, yI§,8E R, (1—a) OMFRoHE HcE V&, BANIIEDED L) IZE6hban 3
1 — &

y=

& i

Monteith (1961) &[EIHEIC, ERAT0 D& & OERNMEGE L BN SEEKIT RO 1 BEIEEE 4 xHE &
25 LFIMO LI IIREN, FRRAE2EOE S IDEMT 3 2 AT 5,

;§=—2+4+0.97,R,(1 —a) ly/hr. (2.18)

(2.17) K& (2.18) AoFEHONEL S, COFFTAEDY F0.03THBZTEHFhh 5.

FORMETICEIT 2y (L BOE, sEdmEd, FHLSICE-TERT AL b4 (Monteith, 1961),
5 AEND Y EEEES A0S W E AR SRS,

#2.1 £iZlIMonteith 2 k2 T A SALRHRO—8 &, 75 AFTOyFREOLBDIIREAT VA, &
Henlktggrobhhd k), #7 AETRRINEENRHE R, R, (1—a) 12 L 2 #EHE, SO &, B
HEMFTTOZNIILEMNTRE N, L LEEBSE?Y0 O L 20 BB 2R+ L0 EIZ» Z &
{, BHREFTOEZNIIL EXTESUTOEE LTV A,

ZCTHEIZILTway ik, BMOKHEES P LN EL 23128 b6, LT TOEhO8 ~
UBREDELHTIEWETHS. ZOL ) IHEEIERIZ L 2 BRSNS OEES, FHESTT
DENIZL ERNTEhHTNEVDIE, HEMZ I3 BRSO RO DL EZ 605, FhWE,
A 7 ABEORTREFES L RS A R I SRR R THZ L VI LA TE S,

P4 EERBOSHY

N ANOREIREEY, ZAPZELZHAICIEDOREEELMME L, BRLTVABS RS LE
BRELOCT U2V TWE, RIEERE L hOEE L OMFE 2>\, Businger (1963) # & UHE
(1965) X ABNEEEFIH L BITA S 5.

FRFRICHA U ERET 5 AFE L, BEERETOLNTH L, % OREREIEFORERMET
DBERELIRL2L0TH LY, BHEMATOEREFED - REMEILFTELTHS .
FELITHICRENT VA L5 12, ERNOHMEEORBOBERIZHIELTIE- 50 LEBEE R T
B FOE (ARH) BZEBMIIEFE—ETH3. L2 LFFRAEDLII, BEICHTIAED LEAKEN

_lg_
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=)
] ] Fig. 2.18 Relation between amplitude
L - (ratio) of diurnal variation
0 é Ll é At le =] 115 L 1‘8 of air humidity on Bowen
Time of day ratio 3. ;
. . FAZE OB, 217 BB RL TS
Fig. 2.17 Changes of saturation vapor N o -
deficit and relative humidity I aBFL LS THLMIZEN S, ZORER
inside and outside the glass- BEASOEREE L ERIEIL VWAL S,
h by 4 30 s ; ;
ouse 20 &9 BRBENOH LV AZEMNOIEE R

ERAS A LT AHA I, AERECHMEEZT CRA+2T5H 3.
SEIHEBEEOREN L, AREELOBFRIOVWTHEAEEL b L), —EROBRF B LD
NTVABENNT ZOREQUEIR, 280X 2ENAERIE e, 22V TO—ERIABSHRENTH
bbahd (NS, 1965) .
d;e, -
5T+%‘e“=ﬁff[f(i+§)] + G
ZIT Q1 WUSVBARE (=N-V./3600 om/sec; V.. AKH o’; NIHEHE bt
AR om? a=0.622p/P; p.ZEREE g/m?; P:ARFE mmHg S NV AR
ket R ly/sec; B HRERAIRE ly/see; [ AHEEBE cal/g; g I FK—TUH; jencen D
B2 - SAOARERE mmHg
(2.19) RizBWVT, Q=—EEHFEHLDOEPRBEH LT 35025258, Ny ARKERE
(e DHBEBAEIE, 280 &) lcbbbEhns,
AL[S—B
a@al H{1+4)

a,

TECE
b= 3: =const,

f=wt +¢ +rar -2
by

(2.19)

a=oeqt

] +Asing, (2.20)

a ¥ (2.19) XAELOE (F12 ;S OHBRBMERICE S THESN D) OREMIC I 5IREZH 5D L,
ABZRIESTHREENS , HERGELOEB:55b LT VA, (2.20) Ao LOMRRIZPAE
b HbT.
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FARGOBE (Q.=0)I1212, (2.19) K2 5bd 5 &) 12, AROKEREORMEMLE, Kl TO
B MEROHEE ZORSE (3) ORRMZEL RRACANVEEEEE) CREL, REFEZ RS T
NiE, | e dASRETORMAZRIEICEEET 5.

82 18501213 A,=2.37X10 *em?, V,=5.66X10" em®, ,e,=5 mmHg, 0.5 ly/min= (;S—;B) =0
ly/min, Q;mmﬂ@wﬁ@%&?w MK ERE, e, D HELIREH & A -V LOMELZ L TIZED
HBIZOWTRENTVS, BHACREZ T EEMSCRAEE LT L, OHUEMRRIIN L T
BARIEEEE LD, BRARE-—IyRa0AQOMBELTHEbEINDEZ LIS A,

KTV HA=0.102 %D  0FEMAs=.: 124F T3, EROR—T VDL ZOREA =
i, BEAHE ORI EEMEGET, $218RIIRESATVA L) I ORI, TRBLEL TS, 2
DEVBERA O VEFIZEVTASL, g=1.0 12V TIHIF0.562FTHIT 5. Bz Er5
N ZAROKBERIERIAROZREREL 284D, KaHBELBE (5—/1) ZOHZEMIREILK
mmHg (ZET A2 &b 3.

EFERIERF FTONT RP\I{‘IE%G’)&%%F?E@?EUE@% FWEBTIEAW, Morris (1957 ) % Hand 5
(1970) &5 /7 ARIEHO ERRBOEIRER LRREE, & CHBGE0ME T 2138 5TV 3,

FEA BBV THE S hABER L = — oy AR TOPNUEKF RERAERS R - L E, REH & R
NS ORE A EVIBA I T ANBERB I ES CO BRI RRBRONURLOMEE £ 5. L LKED
SOEIEIIE L, NESAEER L IRET Lo r 7 AEORESF ZNIZEW) TlE, N7 ANERE
RBIBEERHBRBOINOSBREO LS 4 FIR LT L ARMIZE 26 N 3MATROME 2 RE
HOEEVOT, FHEQEATIAFTE LV, ERAMSF FOBBITR S HI2 & RIEME 120§ 5 AR
Mokt zarkswkEiohs,

F2E BiE

SIS AT AEOMAIR O S BT EA e T AT L EHME LT, MRER=0.53%
L0 2 EERHAY S AEOAFRBHE HZ 55 .

B HCHBMNOMRE LAY A0MEE, EHLARNSIOVWTHMLTWS, Ny AT HERT
AT AT HIGERRNIC L s T A,

BHOMTIHSURBIEII O VT, 2 0H%EL, BEINEL, ERGEEL, JESMOFRII OV TS S
2L WEEAELOERE LT, BAosE RS R (R T L THAREBZOERS A 5N1S
Zk, HAEEAERROREER I itsohE w*c MERIZ VT e s+ 5 Thh
1, ASMRIREOMEE A SR VD EAEEMIZH S Az s

BURIE O £ 8) TAIE & & 5 W T REFRBOPMIMVARE LS 7 7 v 7 R LOREERATRD 50 (2.2,

2.57) . ZTHIZBMIZETARMNRTEICET AEERE LTL VB I LA TED, HESREEOA
IMRIEEIEEHI2TC & % -

TR 351 2 SURFE TR & SMFUR OB T & o Mg % 5 IC M T BikE 2 g & oME KD
bht (F2.6) .

HENTEHTIC & - T, Rl & NRTTREEOMEREAFRD 5z, HRICE 3R BIMOEREE
6~T7TCIzaseitEshi Zhooffiz, BEERI LR B4#E) 2500 ME (1969) DEE
e E{—HLTWVA.

HIMTHBEIREICIOVT, FFABREOERSEL LD H1F, ZOMIELERS2IZLE KR
OELZ LB H T ADERENK & VI, EEREBRIHLPR N E 05T Gk, ElBEEABHEICEL
of%k?%.ﬂﬁXW%ﬂ%Eﬁﬁmtm@ﬁﬁﬁﬁﬁ&hﬂk(&B,&mﬁ).

SARBREIC ST AR & S EENET R - OGRS 5, heating coefficient ¥ (Monteith, 1961)
BEHE L, ZHICENIIT S AEROME, FATOME ($10.3) 12 6NTHOKREETH D, KN
HOhTOBEKER S ORI AR D DSV Edbh ok

EAMTIGEEREIIOWT, L LERBELEINIATREEOERREL LTHREZEERTREIL
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%%ﬁtt.nﬁlWﬂ@%ﬁEt%%Ltﬁ—l>kﬁ$%,ﬁﬁBEkﬁ@mﬂéCOHTﬁﬁﬁﬁ§
Bl F—x AP Ew (B8) 128, BEEERS . ZAIETTEE DR AEA DEEIZS
WTHRETH S (52.18) .

EZ—WNGATEI LW - S ERBOREBIIC LS &, Ny ANDEREITERB Ik E (P
L, %E&EE&ENIT TR E/,E=0.3, ¥REFET T E/ E=0.7 &% 7.






