EeE WaMg b T8+ # Vol. 8 No. 4
19824 12 H Transactions of the CSAE Dec. 1992

i 2K JE B iH R £ (GRLT) Ry )
— R LIRS BB 2.2

ExE BEE RBY FHHE
CRER AR L TRFFRED

# O AW A HLBBER, B T8 & RE R R R 4T W B A
GRLT, ###aAT o kM AEEE R E N e 2 a4 R B ERLNEEEN,
GRLT 3k {45 #f MS—DOS3. 30 &l F @ £ ¥ 1% T . 7€ 386,286 #1 IBM—PC/XT B H I FH -
ET VAP REAN REHE. ELEZRAEMRARITH—FREE TR,

%@ 2r ALH By P EusH

1 5| &

70 AR, 2 B AFEM TS FE R E LR GE L RGBT AT LD
Bt E A AP T REERSEEN Z @8R A 80 5 ,D. L. Crit-
ten FARHANEARAGAZRE . BEALAFER BEEEHRSUHES BITR
VIR T LB R R E A e R O T Fe ot F B S EE e, RE R
X FREE ) BF 75 o oh E ) E S AT R L O AR B AL KR T H OB Z a4
B RWALSS, R R AE EARTT A AR b VRV ELEA B T E 4 REAR
B S5 SRR BE A AT A S B) B 1T 4 GRLT. B FlE AR E RIS RREY—
FILA.

2 GRLT X#FHIEHEH

GRLT % i T+ B iR 220l T e SO (7 1Pk . BU BRI BRI A T -

GRLT 8 {4 &K SRR FWA B ik s — T EREM A FREEAR(E D.
2.1 EHH

EREF . HEMER A TR, 28 GRLT SR THRE .
2.2 BEBATHR

EEE&H GRLIT KM LEEZY. WREMNNZSY, MREFENM L BB
AR FOL R AR A L H . EBUE GRLT ik AHLAC A #40 .

#1119, 1992 —09—29

CEE A AR L



70 Ak T 844 1992 4

2.3 EFEETEIS T TFRR

B /& GRLT 3 {1y
gL, EH=1ThRER SRS\ T80 BEBW
WA, Gl
M TF—#RESHE [_ Model 1
%l . B) Model 1 LR e ——— | —
[TRCEZ PO ey, vt L
iH = ;Model 2 2 H 51 + Model 3
o BT & = $r A g2 - 1
RAWEBEREH | HRSRAT X | PR |
¥ 8 %) ; Model 3 &t * B ooy
HAHUEE. #5414
MR  HAFRE SR T R SR
HHEYHE TR B prvwrewen
., AEEWEYRE
HERENEE . H5.9 | ® @
.5, RO EE S T Seree
A 2 SR (6] BE ., 98 BE fu
BB R (R BE 8 B A0
E.REBEES BN B 1. GRLT $# & hisdy
,ﬁﬂ@%ﬁﬂﬂ&ﬁﬁjﬁ' Fig. 1 Population structure chart of GRLT software

) LR AR SE. it
RN EHEAAEEEHORFREDD BEBEAME L. G558EE L s R i LB
BB FN R ROG R AT B A 0 R RO T A9 6 A A HE G FHE a9 Rl R R
HEoBRTaAMECHEEREHE.FRNEEN LRESMNE; BEFENAEER R
ZWEDHEMELCE BREMELHES ELXTUSIEHAEARBRESH A
ATARBL.
2.4 BEFEHIFHFHR
ERFBRELAURLDST FREMTHER NEAHSEAR D HKBENLE
H, A ARBESHITERL. REHEESRRERZ RN IFRIRAE, VF H & IR
HEHEEBEAREE BT ESS VERAEERE /D EEMEERHRTBE Y
B L5, T 15 3120 T R AR b S5y i v B Lo P (2 He M LE L A rm b RS LA B
A ECNH LR FEHREH.
2.5 MIFEFETER
‘B4 GRLT S HIEMNFE HHATEMNSE. EER - ANFEL.
(DICAMER.2EH 72 M E 1~12 AEAMKXSENE BERSHB (B, ¢
BB RE. RZRWMNAERE EXREMITH RS,
(OFEHEAFHTHER EMBEZREMNARONZSH . BEFEMAELES



®aM Wik % - BERNEEL A (GRLT BHTH 71

WM e REmMZICES.

(OFEFHERENESRSEMRZ MRS L AL 585 A
HRPRBUEEARENNEBES.
2.6 IHFHR

‘£ GRLT K AL BN —#a. HEL rXHMma.

(D¥EHEE — BB SRR ERESHS Y.

(OEEHE — U=%<MEE R =R ESHMEE; IS EE R X RERER
75 I 9 4 R e D 4 B A S0 R0 R S ) SROE B T B MY A A B OB R R BR
IR 2 1 o ) 2R 5 LA A T O P R B O R IR P O SR RS R TS ALY 4
i XTEFE L DT AT R L BN AR AT ERHLAS b

AL AR L U BE R BT R S BRI R X
B4t PR R A BB T A . T ShREARSR B 15 &9 B 45 S — @ EABE WL 7
AFAYEEHE RS, FREHEMITA TRIGEN; 55— H WA f TR, 8 P
#7 .

3 GRLT ${-HZH

GRLT $ {2 J2 Fi| Quick BASIC 4. 50 A% 2, F MS—DOS 3. 30 LA FREES M THT .
FEPYHL 386 _EILBLAY . {HHL AT LATE 286 IBM—PC/XT R H AV LT, B EH M58
A &H —E M BASICA HEM A, U FHETANZE, B ENFRERKELHTIE
TF. BN ERFRERGE 2R AEFRAZEFREFGEBREN TR, LHiZE
7. 08 B RMEH SRR, ARFLURRFAEH P RE AT BRER ER
¥ EEGRERRES WA RERE BEMERERES,H AR
8 P me i B AR UAT .

4 GRLT #HIH

KEEHRMES A LEZAEELRR MEMRRBECETF ELTESRL. ERE
YRR Bk MEEESA AN EO B EEEMEA T HAXRE L NB R ZEY
HARAGENE, Ak, FAXREHERAREARAL A XEAFEREEFHEERR.
SCAME 3 MRTEE CRECRED D FE . BE R tn . EHlmEN 2m BF& K 3. 2m L HRE
# 0.8m A H B ZE HH, W H GRLT K {F 41 H N B = (Model 2) FREF (BF) , b3 12
A 28 HEXHTRL. KERaHmT.

1.1 EFXHESERRAENSH

PLFE 3 A58 2 BN (k42 R=6. 852687 hAFM R E M, HE S H AR ZHE
B H X RE R 4 55 10 /R . M8 SO [7 ey B b S A A R i E &R
e R R B E B S AL, P A R A IR R AR A E L R E 4 5



1992 4

A THRFH

72

A

wiIgEIp mo)) wedfosd wiepw 7 T4

BEVHBE IR

R HE
MERnN

_ﬁh ._m.hai_:i

W*E%mm
EEEH

WEEWQ

A

1

H




HaM Wk R R RO B T (GRLT) A T 73

BEA D @O E-NRAKAEERFEAS  MEEAREERZNBE, G
HMAERE LAY RMENESAEE O,

Jui@) =Ty (t) » Toi() » S:(0) /s 1>

Ju(t) =Jz(t) » Tou(t)
=Jy(t) « cosh(t) * cos(A(t) — Ak) = Toui(t) (2>

Jzn'-(_f} =Jay(f) » To(t)
=Jy(t) » [cos h(t) = sinfl = cos(A(t) — AR) — sink(2) = cosfi] « T (t) (3>

ol o

Ju () —t B R FE ot 5 i Ak e B E
J& 3 3% 18 = P HUE G AT R . _

Ju()—t B2 E 5 i A E & Brp
BRI E A S T A E @ ¥

Jowi (0)—t B ) 5 58§ A2 E
BRXERENGERERNE &, x

T () T2 () T () 2w () —41 HI| 2 10
BEMKFmLE. 5HE L. EL L o
MERE L 2/ E 36

Toi(O)— 5 & A3 AHTH ¢ B %) 3 & B3 HAREHAH
:ﬁj’f‘,ﬁ‘]ﬁﬂﬁ, E%%ﬁﬁﬁl‘ﬁ@ﬁﬁﬁ Fig. 3 Cross—section chart of sunbeam greenhouse
6 | 32 HE e 2 v B A HE R P R A B R A M Y FR Y R B

S (O)—t R AN ETREREHEER,;

S—if % Py E A

AC)—¢ i 3 BE 37 {3

h(e)—2 B 2) A FH B B A+

A—BER LA

P—IE R .

HEATL AFEFENIT SRR AR ER A2 HEEHR L, ERE
B MR L4 52T 345 8.9,.10 1).5 4~ (5 8.7.6.5.4 1) .4 4~ (58 1.
20 MEEHEIEAMEN . REMNARERZNG AR 1 ME 4 072,605
HEMEEE S AHEEE A E AN A RES Eh 1/ B RIME,
A WIGEEE. NF 4 MR mat A ESM tRESEEZHREREEL 1/3. BEY
5 5P (5 B 2 27 3 K PH 2L 9 e it 69 B oy T SR




74 RUETEEHM 1992 4

SHIK({) = i.fg;(i}f(n — a4+ 1) (4)
SHIKZ(¢) = Z-‘,Ja{e}f(s — a4+ 1) (5)
SHIKZH (1) = iJui{t}f(n —n 4+ 1) (6)
A
SHIK (¢) ,SHIKZ(t) ,SHIKZH (¢)— 4} 5| 38 % 3 #h 1  J5 358 1 . J5 T8 o P B 32 1Y ¢« 28
i -1 5 i

o n—S3 H AP E R BSMEIES
HER@EO,GFHLESHAMESERES, HRKEFEAN BV RMT. ELEZAS
ERAL R AN ER AL E AR E AT e AR M ET KR 0. 601, ST Y 0. 514, fF BT
0.35, B ABREEGEREBE K E IR EBEREZNZACKHR E A X
13. 8) i iR H WAL BERE B A 70 T 6. EhR bR = A — K P A o] i 20 B 2 1K
I e B (0 2 O 4 B R A B 5 E £ £ L PR G AR A9 S R LA LR T R A
[ i

 FAER/W. me

SIMULTANEOUS DISTRIBUTION OF LIGHT FOR{(CIRCLE)}No 2
MONTH=12 DATE=28 HOUR=~§ MIMUTE=55 SOLARH=13.8 STEP=2
MSSFI=, 3755156 2 MSOTRANS=, 8003577  MSTRS=. 4805299

STOTAL=573(W/m3) JN=313(W/m?)
JH=75. 0 JZ=323. 2 JZH=144. 1(W/m?}
SHIK =45 SHIKZ=114 SHIKZH=51(W/m?)
STOK=(. 601 STOKZ = 514 STOKZH=(. 358
TRH=0. 471 TRZ={. 400 TRZH=. 130
TLH=0. 835 TLZ=(, 212 TLZH=0. 153

#«+ #PRESS AKEY TOCONTINUE+ = & »
.

B4 ZEAAMARHUEGSH
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Wk 425 R 5 ROE M BB K (GRLTO B FF 75

®4H
¥ FEHANETEAETAHHENZ B
e b BilasE .12 7 28 A 8 @ 55 4 KRB, 13.8° Ea |
REBREHE - HZENEEMR

AT i ® @ o B B
i s R 4 9 10 ] ¥ & 8 4 4 3 2 1
HEHEE/W-m= 42,81 44.6 4B.32| 127.4% 121.71 115,24 107.85 99.28|62.11 55.64 48.02 41.06
ZEKLE/m .12 2.2 268 0.26 0. 55 0. 48 0.42  0.29)0.12 0,51 0.44 0.37
EREANEBUR | g 051 0350

L Ll PSHEIZH :

= | v . £
oy Hb T 15 ‘ EREHE ﬂ
= 1)

reonlim

CUMULATIVE DISTRIBUTION OF LIGHT FOR CURVE (CIRCLE) No 2

CENTER COORDINATE OF CIRCLE Mo 2, (. 1846152, —3. 625) R=#8. 852687

MONTH=12 DATE=23 HOUR=15 MINUTE=50 SOLARH=7.3 STEP=I11
MSSFI=, 354553 2 MSOTRANS=. 8227584  MSTRS=. 5119049

SIGM=19603. 61  SIGMZ=06858.98  SIGMZH=62112. 23

PTOTAL=1 $8115E+07(]/m?)

PSHET== 4921288 PSHEIZ=]. 082675E+07  PSHEIZH==6278587(]/m?)

PSSHIK=3116716 PSSHIKZ=5873219 PSSHIEZH = 27 {9064 (J/m*)
MTOE=(0. 63 MTOEZ=0. 55 MTOKZH=10. 44
MTRH={. 54 MTRZs=(. 35 MTRZH=0. 11

#xwns oPRESS AKEY TOOCONTINUE ® & & » #

BS5 ZEAERALERRUESGHF
Fig. 5§ Distribution of accumulation of direct solar radiation within greenhouse

4.2 BEEAESECRRBMENSSH ,
BEANESERFEATEITAEESEB BN, G BORBLBM B (DX,

PSSHIK =I SHIK (¢)d¢ (7)

f



76 fedh THRYH 1992 4

;)
PSSHIKZ ‘—-J SHIKZ(¢)d¢ (8)

L

b
PSSHIKZH =J SHIKZH (¢)dt ¢:))
11

WD @) NDEXGHRBEEAME E. G EANGFERN EE L E o BN ENEY
EBEEE S, AfFa e HH BafE G K 16 84 50 4, 125 o i T B 0 3% R A i B R
(4419 B JEERE (A IBONEREKE A 10 B EMH LR EBEN
fii. HES AR, REXNEMER LAFESHEMNCRERE. 5EE ELEE, KA,
BRI . B, R R A E b T 2@ & R iR K, 0k 0. 63, th B R IR IR E A
FESEEEFEA CSUELIRECEETI AR S M, ik hEH, X 0.55, /NAEE
WL IH 044, B ANBREEHOUEZIMESERABAS M EENENCREEY
EAEE LA RE, b 54%, KRS, & 35X, FEREE B/ U 11%. Bt
Eawma . Bt RkEREARRNE, RHEZAMESRELEMRBuX, XA REER
AT .

ATHEHTHER UE2HETEHAMES pEREAERE. B4 0ES PEFE
Fafrk, AER TR LB, JIXKEer,

®2 BASPEREHITR

wom ok ow U KBRS |rom s ouow nas R
HEYEHEE MSSFI MSSFI | :ﬂﬂmﬂﬁmx&ﬂﬁ B STOK MTOK
RIBEENM Y ETE  MSGTRANS MSGTRANS iﬂﬂ&ﬂﬁﬂﬁ&ﬁitﬁﬂ STOKZ  MTOKZ
NP MSTRS MSTRS ::ﬁﬂﬂﬁﬂ!ﬁ&ﬁﬂﬁtﬁ STOKZH MTOKZH
0% ke o IN | i e L TRH  MTRH
AR FE N R JH PSHEI || g%ggggé%gﬁﬁ TRZH  MTRZH
BEMERE AR iz PSHEIZ Eggggﬁgggg TRZ MTRZ
BEAGEN FANER JZH PSHEIZH | H#EMEHNLER STOTAL PTOTAL
soawMbEwcr sk eon |SESAEREER o
BEAREE AN LR sz psshikz || BRAEEEERRLS iz
BEXRGRNE AN ER SHIKZH  PSSHIKZH E%EE?&E%%%&'{; JLZH

4



B4 Wk % . B =E R MBI (GRLTM B 77

5 H&FRE

A 30 R A v FEAUBAOL B A SO (7 184 62 IR 28 B iR = LI 55440 T @ 0L 49 GRLT £ {%,
THAT&HBESAGHEEE T, AR ERGTRERLEANEZERN, NTHETED
TR ] . GRLT 849 F¢ T e 92Fw B2 A o im LA S0zl e 3% .

£ 5 X W
1 T.Kozai,J. Goudriaan , M. Kimura. Light transmission and photosynthesis in greenhouses. Wageningen Cen-

tre for Agricultural Publishing and Documentation, 1978, 150~200

2 D, L. Critten. A Computer Model to Caleulate the Daily Light Integral and Transmissivity of a Greenhouse.
J. Agric. Engng Res. 1983,28.61~76

3 K. Kurata,Z. QUAN,O. Nunomura. Optimal shapes of paralle] east— west oriented single —span tunnels with
respect to direct light transmissivity. J. Agric. Engng. Res. 1991, 48.89~100

1 BRERE AL SN ACEENSFESEESFE - EE EEDRBNHENR RILTEE
#,1990,6(2).77~81
HHE. AXBEMNEHRTERAERFT. KL THE¥H,1990,6(2):100~101
TUR4E. Bl B OERE AT R SRl Ak TR 4,1990,6(2):101~102

T OREWH WAEHEEVEER. BERERTHERSN TS — R R R
Z— A TR, 1992,8(3) . 73~80

Research of Auxiliary Designing Software GRLT

in Light Transmissivity of Greenhouse
-———The Second Part of Serial Studies in Simulation
of Light Environment in Protected Cultivation

Cao Yonghua Sun Zhongfu Wu Yiming Li Youxiang
{ Agrometeorological Tastitute, Chinese Academy of Agriculturel Sciences)

Abstract
The uap-e.r have built up an auxiliary designing software GRLT suitble to sun light environmental analysis of different
greenhouses in China by using computer simulation techniques. The software was used to analyse temporal and spatial
distributions of direct solar radiation within greenhouse and determine greenhouse structure with optimal light trans-
missivity. The GRLT software runs on 386,286 and IBM —PC/XT as well as its compatible computer under support
af M5—D0S 3. 30 above operating system. The user interface is friendly and operation is convenient in the GRLT.
It is an auxiliary tool for optimal design of light transmissivily in greenhouse.
Key words Greenhouse Light Transmissivity  Simulation model Computer software



