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Study on Aquifer Thermal Storage System for Space Cooling and Heating
(Part4)-Investigation of operation method to balance heat storage and flow rate during summer
and winter-
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Thermal energy storage air conditioning system utilizing aquifer can contribute to energy conservation by

using ground thermal energy and waste heat from buildings. In order to continuously operate the aquifer storage

system, it is important to keep the heat storage amount and accumulated water flow rate to the aquifer in
equilibrium in summer and winter. In this research, by utilizing the dimensionless temperature, we established a
method to decide the control method of the following year that can improve the equilibrium state from the

operation record of the previous year.
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Table 1 Initial condition of aquifer cylindrical model

Figure 4 Heating + coldwater

Parameters Unit Input value
Initial ground temperature [°C] 18.1
Calculation range [m] 200
CGommon Porosity [-1 0.35
Approximate dispersion length [m] 0.1
Thickness [m] 9
Aquifer Specific heat [J/keK] 3180
Thermal conductivity [W/mK] 35
Impermeable layer Thickness [m] 4
Thermal conductivity [W/mK] 1.28
water Specific heat [J/keK] 4180
Thermal conductivity [W/mK] 0.59
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Figure 1 Cooling load in Summer
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Figure 2 Heating Load in Winter
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Table 2 Initial condition of FEFLOW

Parameters Unit Input value
Initial groundwater level [m] -1.6
Initial ground temperature [°c] 18.1
Groundwater flow velocity | [m/year] 0
Dispersion length [m] 1
Porosity [-] 0.3
Table 3 Ground model
. P Permeability Thermal specific
Depth[ml) Layer thickness{m] | Classification coefficient[m/s] | conductivity[W/mK] | heat[J/kgK]
0
485 Clay layer 10x10° 1.28 3060
-485
9 Aquifer 50107 35 3182
-575
15 Clay layer 1.0x107° 1.28 3060
-725
—60 thousand tons 100 thousand tons —13degC --23degC 6degC
13 150 thousand tons 1.2
14— 1
08 - 08
206 < 206
04 04
02 0.2
0 0

0 50 100 ) i
Days 0 50 pays 100

Figure 7 Relation between accumulated flow rate and return
water temperature and T,
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Figure 8 Annual thermal storage and integrated flow rate
Table 4 Basic operating condition

Operation pattern Control method
- T Hot well 18°C—cold well13°C
+
eating + cold water storage At =5C
Driving at less than 8°C of
Cooling tower heat storage outdoor air wet bulb
temperature

Summer heat source water use Coldwell 13°C—Hotwell 23°C
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n Demand,, n
ATwell,w = (Demandw - W)/(CPWQWEH,W) (1)
w

n Demand n
ATwell,s = (Demands + W)/(CPWQWEH,S) (2)
s
r_ (Tp - TO) (3)
P (Ti—Ty)
1oTy T,
ﬁ =_) pk "0 4)
N = Tix —To
Tp,hat = Tp’(Ti,hat - TO) + TO (5)
TlTlcold = Iphot — AT yerrw (6)
Tycota = Tp’(Tl,cold — To)+To )
TlTlhot =Tpcoia t ATyeu s (8)

AT,,0;;: Refrigerated pumping water temperature difference (“C),
Demand:Accumulated period Demand (kW),COP: Average
COP,cp,,: Specific heat of water (J/g * K),Q,,1;: Accumulated
period injection water flow rate (t),T;,": Dimensionless pumping
water temperature,T;: Injection temperature (°C),T,: Initial
ground temperature (°C), T,,: Pumping temperature (°C),P: Heat
source equipment power consumption (KW),T; yor1as¢: INjection
temperature in last summer ("C),T—LE: The average temperature
during storage of the cooling tower (*C)

Subscript i :injection, p : pumping,w : winter, s : summer, cold :
cold well, hot : hot well ~ Superscript n:next year

Operation results of the previous year : T; j,:,COP,,,, COP;

Confirm unbalance from accumulated flow rate in winter and summer
—

Determine winter accumulated flow rate of the following year:Q‘:',E”,W

summer accumulated flow rate of the following year:Q,f,e” s

~@—-input

Water injection and pumping temperature difference during winter

AT = (D d— Demand n
wellw— ( eman COP )/(CPWQWE[LW)
w

Water injection and pumping temperature difference during summer

Demand .
TPS)/(CPWnglLs)

AT yen,s= (Demand +

From fig7 ﬁ=0_7
Winter

Calculate average pumped water temperature of high-temperature well\
Tp,hot=Tp’(Ti,hot - T0)+TO
_—
Calculate water injection temperature to low temperature well
T n
Tp,hat - ATwell,w = Ti,cold /
Summer

Calculate average pumped water temperature of low temperature well \
Tp,cold = Tp’(Ti,cold —To)+Ty

_—
Calculate water injection temperature to high temperature well

T n
Tp,mld + ATwell,s = Ti,hnt

—-output
Operation of the following year

Water injection temperature to low temperature weII:Tl-"mld

Water injection temperature to high temperature well: T/},

Figure 9 Procedure of prediction method
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Figure 10 Accumulated flow rate in each period
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