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Abstract

Mathematical model of greenhouses heating system by using geothermal water resources was
developed and numerical analysis was determined based on the theory of heat transfer and control. The
experimental method to determine the parameters of the greenhouses heating system mathematical
model was introduced. In the greenhouses heating controller, which was designed and implemented
with internal model control technology, the Smith predictor configuration was represented and
combined with a PI controller. The approach to tune the parameters of the heating controller was
defined. Results showed that the geothermal water resources is suitable for greenhouses heating and
the heating controller performances, such as control accuracy and response time, matched current
heating need of the greenhouses.
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Fig.1 Greenhouse geothermal water heating system
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Fig.2 Greenhouse heating system inputs and outputs
TEIRZ B TAMDGAT AR A 2 Q) A I
Pt Q, FOGAER AN & Q, MR 2 #A i 5
AR/, 5 H A AR oM P 20 AT, AR (1) AT ]
1h

i
ik
Eff
¥
B
il

QNWL*Qf%%:Ci? (2)
JIFAE S A KA DAy i 5 9 T AR, HO il
L EE T PR PR JR o A 612 X A A
ST T o AR AL L T 2Ry
Q,=k,A(T,—T) (3)
Kb, —HIHHIAR R, W/ (m?K)
A, BN EEREH, o’
T,—HHENKI, K
KPS 38 3o 0 AL I B AT DR 208
SRR o FeH AON B AR A T IR
R PR A P

Q.= oA K. T* (4)
xKf o Stefan-Boltzman &, W/(m?-K*)
A, TR = Hh R A, m?
K — il = BB R

T— KRR mARNRE K
FE SR AR R BH % R RE nT i i 2 AN GR o B
HAG 3, K H RS ] R Ak R s
Q.= kAR (5)
X e — R R AL
R—KPH5R HE R, W/m?
T N AN B 25 W AETE , 8 A T 35 SR AR B A
KA 28 A 2P R i, HKV/INAZ 3 AR 1Y




F2M

MARSE 45 BB IR MR R G R 54 153

SN o 0 XUABAR A Eh

_ aAv/ev:vo( Ti B To)

A A —EX O EA,m?
ky PEEY4 v, m/s
T—=/NEE,C V—RE R, 0’
U 300 o A i T A2 A ) S T RIS R
Q. =k A(T;—T,) (7)
K b, ——AEIAEREL ] /(0 K)
A—IREINER R, m?
HX(3).(5).(6) (DHRAK(2), FIHIHE &£
AN StV E2 Lo O SR W
Kl(ATP —AT,) + Kb,AR — K5(AT,—AT,) —

dAT,
Ky(AT,=AT)=C " (8)
/ﬂ\:l:f:l KlzkpAp KzzkrAg
Ak
Ky=C=2e K =k,A,

v
X TR R, /MR AR, a4

AT, =05 32 IR — FAE B R BR8], DR e R

WIHARFFAL, 1] AR =0, TRATH

AT,
KI(ATP—ATi)—K3ATi—K4ATi:C%
(9)
K (9) " H il — B
dAT,
C =g, *(Ki+ K3+ K)AT; = K,AT, (10)
SEBUE DARNE (S F
G( ):Ti(s): K, -_K
YUT(s) G+ K +Ki+ Ky Ts+1
(11)
K C
H S . —
b K=ok k., 7KK K,

P K—X g
T—XF B[] 5
TR T K AR AR IR ShEZER
TR GE I A 2o R 3R U R IR 3 AT TR o A
RGeS KU R G, BN R Gt iR oy
e ™, DAY RIS T 2 AR R G 1 32 Rk

. _Ke ©
(J(s)—TSJrl (12)
Fav 2 ZiE 3R B} (]

i A IR R — A — G B Al 5 1 R
2.2 ETAREHR MR R EEH R

A RSR Y IFAF PN IHIN LS e - ey IFA
FRYURERY, B PR T kel ket
PEH A A 2R A S B4, AT Smith FiAh 4%

MERGERIEIR I DIRE . T = N3 i) AR e A
FINE 3 s

B3 s i ] R G e A

Fig.3 Block diagram for greenhouse heating control system
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Fig.4 Response of greenhouse heating system step input
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Fig.5 Control result for greenhouse geothermal

heating control system
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