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Abstract

This project aims to design an agricultural greenhouse system. By bringing the
knowledge of various technologies to make a model of agricultural greenhouses with the program
MATLAB/Simulink and applied the structure of the automation controller to limit the sensor's
response sensitivity to fit the model. to be developed in real agricultural greenhouses This will

reduce the development time and reduce the cost of personnel and time considerably.

From the performance of the air temperature control system got satisfactory results
Temperature control can be configured to suit the desired crop or temperature. The humidity in
the greenhouse to suit the care of plants. And can be applied to respond to the use as appropriate.
Suitable for caring for beautiful plants that are subject to changes in temperature and humidity to
maintain plant life and beauty for longer. It is also suitable for plants with foreign terrain because
the system can control the temperature and relative humidity in the air as the terrain that occurs to

suit the growth of plants at the time of planting abroad.
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2.3.1 Natural Convection — Free Convection
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Sensor outputs 1 bit data of "0 "
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\%
QGRin
Qcmwection
QEvap
QGRin H
Tuse T 00
in 000
g‘lJ 17 Heat transfer interaction between greenhouse components
aa ¥
AUNINUNYIVDY
dE.. ¥ ¢ Ht
dT s - [Grin LB A (T Tou)] (2-1)
pP

Q¢Rrin = The global radiation absorbed within the greenhouse (Wm™?)
Cp= The specific heat of moist air ( Wm_z)
P = the specific mass of air ( kgdry airm‘3)
Tin = Internal temperature greenhouse ( e )
Tout: Outside temperature ( C )
H =The average greenhouse height (m)
h,,_ 4 = Heat tranfer coefficient (Wm™2K™1
L= The latent heat of vaporization of water (] k g _1)

E =The evapotranspiration rate within the greenhouse (k gm_z S _1)
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Heat Tranfer Coefficient [8]

h,_q = 140.4 + 50.45(V) + 51058(T;,, — T,y,e) + 9.65(V?)

2
+ 4.27(T;, — Toyt) (2-2)
T';;,= Inside temperature greenhouse (CH
Tout: Outside temperature (C O)
V= Wind speed (ms _2)

The Global Radiation Absorbed within the greenhouse

Q¢rin = T¢ * (1 ® pg)GGRout (2 - 3)
T = The solar radiation transmittance of the shading net material

P g = The reflectance of the solar radiation on the ground surface

G Rrowut= The outside global radiation (Wm™2?)
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#include "DHT.h"
#include <LiquidCrystal I12C.h>

LiquidCrystal I2C lecd(0x27, 16, 2);
#define DHTPIN D3 //pin 2nd@WiSU 18UUAD Nodemcu

//#define DHTTYPE DHT11 // DHT 11
fdefine DHTTYPE DHT22 // DHT 22 (aM2302), AM2321
//#define DHTTYPE DHT21 // DHT 21 (AM2301)

DHT dht (DHTPIN, DHTTYPE);
int val = 0;

int analogPin = AO;

int Fan =D5;

int Pump=D6;

void setup()
{
Serial.begin(9600);
Serial.println ("DHTxx test!");
dht.begin();
led.begin();
lcd.backlight();
pinMode (Fan, OUTPUT) ;
pinMode (Pump, OUTPUT) ;
pinMode (analogPin, INPUT) ;
}
void loop() {
delay (2000) ;
float h = dht.readHumidity();
float &t = dht.readTemperature();
float f = dht.readTemperature (true);
£loat hif = dht.computeHeatIndex(f, h);
float hiec = dht.computeHeatIndex(t, h, false);

@ [l a y v o { a
31 22 TRadvdszuUMIDAUEUH T Tue A ANWFUdUINTIazALAL TuAY



float hic = dht.computeHeatIndex(t, h,

val = analogRead(analogPin);

Serial.print ("Humidity : ");
Serial.print(h);
Serial.print ("™ %\t");
Serial.print("Temp : ");
Serial.print(t);
Serial.print (™ *C ");
Serial.print(£f);
Serial.print (" *F\t");
Serial.print("Heat index: ");
Serial.print(hic);
Serial.print (" *C ");
Serial.print (hif);
Serial.println("™ *F\t");
Serial.print("wal : ");
Serial.println(val);
Serial.print(" \t ");
1f (£>=32)
{
digitalWrite (Fan, HIGH) ;
1
else
{
digitalWrite (Fan, LOW) ;
}
val = analogRead (A0);
if ( val < 500){
digitalWrite (Pump, LOW) ;
delay(2000) ;
}
if ( val > 500){

@ Il a ! o o @ - a
31 23 TRadednszuumuguguugiiluena aAnwsudwimsuazanuinluau

false);
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Serial.print (" *C ");
Serial.print (hif);
Serial.px In(" YP\t®):;

Serial.px
Serial.px

Serial.print (" \t ");

if ( valgf< $00) {

digitalWrite (Pump, LOW) ;

delay (2000) ;

}

if ( val > 900){
digitalWrite (Pump, HIGH);
delay (2000) ;

}

lcd.home() ;

led. s ursor (0, 0);

led. (e o o) 2

lcd.print (t);

lcd.setCursox (0, 1);
lcd. (SyaITT e
led.print(val);

Y o A ! o o @ y a
51 24 TeadednszuumIUgNgungl lueIMA AnusudimsuazaNuiu luay
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v Y
a9 INMAUAAT Setpoint Udnamsiauvesszuy lasmsiauluniiaensdh

k4
a A

o wa A [ Y o o J tg a 1T o A .
iwuamiuumwawﬂwqmwnn mm%uﬁuwmmmzmm%uiuﬂummum‘n Setpoint vlﬁﬂfl
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o 1 { J J 3 4 1 o o 0
N1TUIA Output ﬁulﬁ,ﬂ1ﬂﬂﬁ@1uﬂ1"llﬁ)\1!,G]ful,“l)"é)ilﬂﬂﬂ‘ﬂﬂ‘nﬂ15ﬂ1ﬂllidﬂuiﬁ,ﬂﬂqﬂﬂimﬁNﬂ
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@ Ccom3 O X
| Send
Humidity : 70.60 % Temp : 30.10 *C B&€.18 *F Heat index: 35.43 *C 55.78 *F ~
val : 776
Humidity : 70.20 % Temp : 30.10 *C 86.18 *F Heat index: 35.33 *C 95.60 *F
val : 774
Humidity : 70.50 % Temp : 30.10 *C 86.18 *F Heat index: 35.41 *C 95.73 *F
val : 944
Humidity : 70.40 % Temp : 30.10 *C 86.18 *F Heat index: 35.38 *C 95.65 *F
val : 985
Humidity : 70.70 % Temp : 30.10 *C 86.18 *F Heat index: 35.46 *C 95.82 *F
val : 669
Humidity : 70.90 % Temp : 30.00 *C 86.00 *F Heat index: 35.26 *C 95.46 *F
val : €75
Humidity : 71.20 % Temp : 30.10 *C 86.18 *F Heat index: 35.58 *C 96.05 *F
val : 673
Humidity : 71.40 % Temp : 30.00 *C B6.00 *F Heat index: 35.38 *C 95.69 *F
val : €74
v
[] Autoscroll [ Show timestamp |Both NL &_CR__VJ 0600 baud | | Clear output
J A L L a i’ a
E'ﬂ 25 ﬂTmﬂQﬂ?Tﬂ%uﬁNWﬂﬁiuﬂ’lﬂ’]ﬁ qﬂlﬂgllalu@'lﬂ']ﬁuagﬂ'ﬂiﬁfualuﬂu
@ com3 O 4
| Send
Wi Humidity : €9.80 % Temp : 30.30 *C 86.54 *F  Heat index: 35.73 *C 96.31 *F A
val : 1024
Humidity : 69.50 % Temp : 30.30 *C 86.54 *F Heat index: 35.65 *C 96.17 *F
val : 1024
Humidity : €9.40 % Temp : 30.40 *C 86.72 *F Heat index: 35.87 *C 96.57 *F
val : 1008
Humidity : €9.10 % Temp : 30.30 *C 86.54 *F Heat index: 35.55 *C 95.99 *F
val : 1024
Humidity : €8.80 % Temp : 30.30 *C 86.54 *F Heat index: 35.47 *C 95.85 *F
val : 814
Humidity : €8.50 % Temp : 30.30 *C 86.54 *F Heat index: 35.40 *C 95.71 *F
val : 849
Humidity : €8.40 % Temp : 30.30 *C 86.54 *F Heat index: 35.37 *C 95.67 *F
val := B854
Humidity : €8.30 % Temp : 30.30 *C 86.54 *F Heat index: 35.35 *C 95.62 *F
val : 853
A
Autoscrol\ Dshuw timestamp Eotﬂ N_L_&_CR _v_‘ L‘_gUU baud ~ Clear output

1 4 v a - a
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3.6 Simulink Model

Aa A %’ 1
LL'UUﬁnﬁﬂﬂﬂﬁ]'mguﬂﬁhlﬂu'mﬂeu@\1Wf]15]ﬂi53Jﬂ')'lll%}’E]‘Lllmzu'lmﬂxﬁzﬁﬁﬁﬂuﬂizﬂﬂﬁ

a s Y
DIUIYVNAU
dTin 1
Lin Gorin — L E = hygq(Tin — T, 3-1
dT CppH [ GRIn n a( in out)] ( )
Cp= The specific heat of moistair ~ (1005) (Wm™?)
P = the specific mass of air (1.166) ( kgdry airm_3)
T}, = Internal temperature greenhouse 5 o)
Tout= Outside temperature ( C o)
H = The average greenhouse height (2 6) (m)
h,,_ 4 = Heat tranfer coefficient (Wm™2K™1
L= The latent heat of vaporization of water (] k g _1)
E =The evapotranspiration rate within the greenhouse (kg m=2s _1)

o @ Y . § L
lasumswannlagldanimuindon Matlab-Simulink aguaaslugi)

.

To Workspacel

> s

! : —5)
_ Solar GRin Ada2 Integrator Scope
2
] -
‘Wind speed
C'-)—> 1v/\ b l> To Workspace2
Tout ’ Addl i TOTW
B DT O— \/\ L
O [\ le—t> Q—
1/\ < ] Tin Temperature (Experiment)
Math Function
Tout Tout
Tin

g‘ﬂ 28 Thermodynamic model of the greenhouse using Matlab-Simulink environment
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Example 4.1 J.P. Holman , 2529, Heat Tranfer [14]

40

Steel Ball Cooling in Air

A steel ball [c = 0.46 kJ/kg - °C , k=35 W/m - °C] 5.0 cm in diameter and initially at a

uniform temperature of 450°C is suddenly placed in a controlled environment in which the

temperature is maintained at 100°C. The convection heat-transfer coefficient is 10 W/m2 - °C.

Calculate the time required for the ball to attain a temperature of 150°C.

15119192 1975 lumped-capacity 1W5123iA1 h #1 a1 k g9 1510529000 14 Iae s

aunsi 3-2

h(V/A)
k

<0.1

h(V/A)  (10)[(4/3)1(0.025)3

= = 0.0023 < 0.1
k 41(0.025)2(35) =
s daunsi 3-4
r—Ty — o~ [hA/pcv]T
TO " TOO
T = 150°C p = 7800kg/m?3 [4861b,,/ft3]
o w o 20 o
T, = 100°C h=10W- C [1.76Btu - ft* - °F]
o ] o o
T, = 450°C g 10@- C [0.11Btu - lb,, - °F]
hA 10)47m(0.025)?
= (10)4m( ) =3.344 x 107 %s71!
pcV  (7800)(460)(4m/3)(0.025)3
I —To — e—[hA/pcV]T
TO - TOO
150 — 100 _ ,—3.334x107%7
450 — 100

T=5819s5s=1.62h

(3-2)
(3-3)
3-4)
(3-5)
(3-16)
B3-=7)
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3.10 MUNANNT First — Order ODE By MATLAB / Simulink

naums 1°- Order ODE

100

dl _ —hA 7
dt  CpV ®

(3-8

>

out.Temp

100

LA= Y/

9z

150.0018

g‘ﬂ 32 Simulink model

-

Constant

Constant 79 1511 UAAIAININTINGRIMUAAIAILANMINY 100 DIF LT AT

St

Sum A1D NMITINHATINDUNA

A Gain

—»

1

5

Integrator

o

Integrator 19 MIDUNNTNT Y10
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1PNAID19DY
1919 3 A1919 Input Parameter
symbol Numerical Units Description
value
Q GRin Wm™2 The global radiation absorbed within the greenhouse
Cp 1005 Ji kg . G The specific heat of moist air
p 1.166 kgdry air"l_3 the specific mass of air
Tin C - Internal temperature greenhouse
Tout C ° Outside temperature
H 2.6 m The average greenhouse height
h,_a WmT*K = | Heat loss coefficient
V 1 Wind speed
m/s
Tc 0.3 The solar radiation transmittance of the glazing material
P g The reflectance of the solar radiation on the ground surface
GGrout Wm™2 The outside global radiation
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15N 4 M1319 solar radiation and temperature
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1380 solar radiation(W/m?) sensor Temperature(°C) Outside Temperature(°C)
00.00 u. 0 29.28 30
01.00u. 0 29.21 30
02.004. 0 29.18 30
03.004. 0 29.09 30
04.00u. 0 28.49 29
05.00u. 0 28.34 29
06.00u. 40 28%5 29
07.00u. 106 28.34 29
08.00u. 292 29.72 30
09.004. 459 31.82 2l
10.00u. 595 31.98 33
11.00u. 779 32.68 34
12.00u. 710 33.82 34
13.00u. 822 34.01 35
14.004. 797 34.63 35
15.00u. 410 34.08 35
16.004. 146 33.02 34
17.00u. 101 32 34
18.00u. 71 31.06 33
19.00u. 0 30.24 32
20.00u. 0 29.79 31
21.00u. 0 29.12 30
22.00U. 0 28.57 30
23.00U. 0 28.45 30




M3 5 Msngungilulsausousinmsiagungil 3 dwki

Time Sensorl | Sensor2 | Sensor3 ﬁwm?iﬂqmwgﬁ(m)
00.00 U. 29.5 29.05 29.33 29.28
01.004. 29.5 29.6 29.12 29.21
02.004. 29.5 294 29.03 29.18
03.004. 293 29.1 28.96 29.09
04.004. 29 28.6 28.46 28.49
05.004. 28.7 28.3 28.32 28.34
06.00U. 28.6 28.2 28.45 28.35
07.004. 28.9 28 28.13 28.34
08.004. 29.6 30.9 29.56 29.72
09.004. 31.8 32.6 31.66 31.82
10.004. 32 324 31.94 31.98
11.004. 32.5 33.2 32.56 32.68
12.004. 33.59 343 33.86 33.82
13.004. 33.78 34.4 34.25 34.01
14.004. 34.66 353 34.22 34.63
15.004. 33.6 34.5 34.63 34.08
16.004. 324 33.6 33.65 33.02
17.004. 31.46 32.8 32.55 32.00
18.004. 30.83 314 31.36 31.06
19.004. 29.65 30.9 31.06 30.24
20.001. 29.11 30.4 30.25 29.79
21.004. 28.89 29.7 29.47 29.12
22.001. 28.43 29.5 28.33 28.57
23.004. 27.89 29.01 28.45 28.45
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