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Nomenclature

Symbols
A . Superficial area (m?)
C . Specific heat capacity (J/kgK)
COP . Coefficient of performance
D . Diameter (m)
d : Distance (m)
Frr : Error
G : Mass velocity (kg/sm?)
G . Ventilation quantity (m?/s)
h : Convection heat transfer coefficient ( W/m’K)
K . Heat transfer coefficient ( W/m’K)
m : Mass flow rate (g/s)
N : Column number
Pr  Prandtl number
Q : Quantity of heat (W)
R : Radiation (W/m?)
Re . Reynolds number

r . Reflectivity
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T : Temperature (K)

t : Temperature (C)

t : Time (s)

U : Overall heat transfer coefficient ( W/m*K)

vV . Volume (m?)

w : Power (kW)

v . Velocity (m/s)

T : Vapor quality
Subscripts

a > Air

c . Condenser, Cooling

com . Compressor

con : Convective heat transfer

e . Evaporator

f . Fin

g . Gas

h . Heating

gro : Ground

1 ' In
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. Long-wave radiation
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. Solar radiation

© Solar

. Single—phase

. Equivalent

. Two-phase

© Ventilation

. Water

. Parallel direction

: Vertical direction

. Included angle
: Thickness (m)

. Surface emissivity
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. Coefficient of thermal conductivity ( W/mkK)
: Viscosity (kg/ms)
. Density (kg/m?)

. Black body radiation constant ( W/m?K™)



SUMMARY

The introducing pollution and greenhouse effect issues should be taken
enough consideration. The electricity consumption of refrigeration and air
conditioning equipment is about 20% of the total electricity consumption.
Therefore producing energy saving heat pump is very important to each
country, manufacturer and consumers. Applying computer simulation in air
conditioning system is favorable to save experiment expense, shorten the
period of product development and reduce the cost. It has become the
important means for studying the system characteristic and optimizing the
components.

To study the effects of solar energy, outdoor air temperature and wind
speed on inside air temperature in the plastic greenhouse, a model for
forecasting the greenhouse air temperature was established in this study on
the basis of the energy and mass balance theory. Application of solar energy
to the greenhouse is major area in the renewable energy research and
development in order to save energy. Recently, considering the safety and
efficiency of the heat pump, clean energy such as geothermal and solar
energy has received much attention. The system is installed at a 50m’
greenhouse which located in jocheon-ri of Jeju Province. Experiments were
carried out to collect data to validate the model. The results showed that the
simulated air temperature inside a plastic greenhouse agreed well with the
measured data.

In this study, the development of heat pump simulation study is researched.
The simulation program is written by Engineering Equation Solver. It is very
convenient and shortcut to call these thermal properties, which provides
favorable base for simulation. The computation model for each component in

the heat pump system is built. The compressor numerical model is built for

_Xi_



full hermetic scroll types. The simulation results are satisfactory with the
experimental comparison. The numerical model of refrigerant charge is built.
The numerical models of condenser and evaporator are built and the effect of
tube dimension, fin type on the heat transfer performance is analyzed, which
provides some reference for enhancement heat exchanger. The development of
heat pump energy efficiency standard is studied. The level of air cooled heat
pump energy efficiency ratio is compared with each other for different
capacity range. In conclusion, improving the energy efficiency standard and
increasing the energy efficiency ratio of the heat pump equipment are
important for developing the energy saving research of refrigeration
equipment.

According to the results of simulation, the error of the simulation results
with the experimental results is less than 5%. So simulation results are
correct. The temperature inside greenhouse increased with the rising of
quantity of solar radiation or outdoor temperature. But the temperature inside
greenhouse and reduced with the rising of wind speed. With the increase of
the condensation temperature compressor power increased. When changing the
outdoor temperature and air volume conditions. The largest heating capacity
21.76kW and largest COP 7.1 was computed when the outdoor temperature
was 10C and air volume was 50m’/min at heat storage tank source heating
mode. And largest heating capacity 21.05kW and largest COP 8.1 was
computed when the outdoor temperature was 10C and air volume was 40m'

/min at outdoor air source heating mode.
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Table 1 Structure and material parameters of greenhouse

Parameters Numerical value
vV (m') 137.2
A (m') 124.8
4, (m) 50
"p 0.2
e 0.9
o (W/m’K") 5.67x10°°
K, (W/m’K) 5

Reflective radiation

/A

Long-wave radiation

<4
\ /\
Incident radiation
—

Convective heat transfer

Solar radiation

(&

Ventilation heat transfer .
| Heat transfer with ground

Fig. 1 Heat balance in the sunlight greenhouse



Set structure and material parameters of greenhouse

l

Confirm outdoor environment variable

Whether the greenhouse was ventilated

L

r

Confirm ventilation quantity
NO
2
! | ! ! !
Heat quantity T Heat quantity eariouantits Heat q.uantlty

of solar i of long-wave : of soil heat

A of ventilation i of convection
radiation radiation exchange

h

Total guantity of heat change

|

Indoor temperature of greenhouse

!

Result display

End

Fig. 2 Flow chart of greenhouse simulation
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m= VX(B,+ Bt, + B’ + Bit’ + Bt t,+ Bit 1> + Bit’t, + Bt .+ B> + Bt} ) -+ (3-2)
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Table 2 Numerical value of A and B in equations

A, 1.04569E-01 B, 1.03892E+01
A, -4.09426E-04 B 3.36760E-01
A, 5.34352E-07 B, 3.63872E-03
Ay -2.32465E-10 B; 1.31054E-05
A, -1.18642E-05 B, -6.15186E-04
A -8.59489E-08 B; 2.80948E-07
Ag 71.714212E-09 B; -3.32352E-06
A; 4.54523E-03 B, -2.84679E-02
Ag 6.58549E-05 By 2.60019E-05
Ay 3.18053E-07 B, —7.91650E-09
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Fig. 3 Picture of scroll type compressor
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Confirm operation mode

v

Y
'y

Assume evaporating and condensing pressure

v

Call compressor model

|

Calculate the refrigerant mass flow rate and
compressor power of the system

v

Assume inlet air or water temperature

v

Call condenser model

v

Calculate the outlet air or water temperature

v

Call evaporator model

v

Calculate the outlet air or water temperature

NO

Calculate the COP

Change another operation mode

Result display

Fig. 6 Flow chart of heat pump system simulation
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Table 3 System specifications

Factors Capacity
Site Area(m’) 50
Compressor (hp) 3xlea
Expansion Valve (RT) 3xlea
Plate Heat exchanger (RT) 3xlea
Fan Coil Unit (RT) 3x2ea
Storage Tank (Liter) 1,200x2ea
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Fig. 9 Picture of thermal storage type hybrid heat pump system

Fig. 10 Picture of the duct in greenhouse
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Fig. 11 Schematic of thermal storage mode and water heating mode
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Fig. 12 Schematic of heat storage tank source heating mode and outdoor

air source heating mode
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Fig. 13 Flow chart of hybrid heat pump system control
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Table 4 External conditions of greenhouse

Outdoor temperature Solar radiation Wind speed
Date (C) (W/m?*) (m/s)
2015.11.28 12.4 257.6 2.6
2015.11.29 13.9 207.5 3.4
2015.12.07 11.3 403.1 2.2
2015.12.08 12.0 315.6 3.0
2015.12.09 175 338.5 3.8
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Fig. 24 Indoor and outdoor temperature variation with time

when storage tank water temperature start at 45C
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