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THEERAPHAT SRI-ON : DESIGN AND CONTROL STRATEGY FOR
HYBRID-GROUND SOURCE HEAT PUMPS. THESIS ADVISOR : ASST.

PROF. ATIT KOONSRISUK, Ph.D., 200 PP.

HYBRID GROUND SOURCE HEAT PUMP/CONTROL STRATEGY/TRNSYS

SIMULATION

It has been proved that the ground source heat pump is an energy-efficient
alternative to conventional vapor-compression air conditioning systems. Heat is
removed from buildings and rejected to the ground in the summer, and then removed
from the ground and rejected to the house in the winter. However, there is a large
unbalance between the amount of energy removed from the ground during the winter
and added to the ground during the summer in cooling-dominant regions like Thailand.
A hybrid ground source heat pump can effectively mitigate this unbalanced ground
thermal load by adding cooling towers into the ground source heat pump system. It was
found that the weather conditions of installation locations have a significant impact on
the design, optimal control strategy, and performance of hybrid ground source heat
pump systems. The major objective of the current study is to investigate the
performance of a hybrid ground source heat pump for a standard size 7-Eleven store,
the largest chain of convenience stores in Thailand. The detailed design is conducted. In
addition, the optimal control strategy and performance are determined by using the
TRNSYS simulation program. A model of a 7-Eleven store with an area of 111.6 m?
was developed and simulated using the weather conditions of Bangkok. The results

shows that the required heat pump capacity is 10.1 RT with a length of 1,692.46 m of



the ground heat exchanger and a 5 RT cooling tower. It was found that a configuration
with the flow direction of the cooling water from the ground heat exchanger to the
cooling tower provides a better performance than that of a configuration with the flow
direction from the cooling tower to the ground heat exchanger. Among several different
control strategies studied, the one with the operation period of the cooling tower
synchronizing with that of the heat pump compressor provides the least amount of
annual energy consumption. The predicted energy consumption of the whole system is
62,386.93 kWh/year while the heat pump consumes 57,267.65 kWh/year (91.79% of
the whole), the circulating pump No.l consumes 3,375.96 kWh/year (5.41%), the
circulating pump No.2 consumes 1,065.52 kWh/year (1.76 %), and the cooling tower

fan consumes 677.81 kWh/year (1.08 %).
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F

< = Short circuit heat loss factor

PLFm = Part load factor during design month
Rga = Effective thermal resistance of the ground, annual pulse (h.ft.F/Btu)
Rgd = Effective thermal resistance of the ground, daily pulse (h.ft.F/Btu)

Rgm = Effective thermal resistance of the ground, monthly pulse (h.ft.F/Btu)

R) = Thermal resistance of the bore (h.ft.F/Btu)

tg = Undisturbed ground temperature (F)

tp = Temperature penalty for interference of adjacent bores (F)
L, = Liquid temperature at heat pump inlet (F)

tWO = Liquid temperature of heat pump outlet (F)

W, = Power input at design cooling load (W)

d' 1w A a A = 9 ya
M1319N 3.2 ﬂW]’JLL‘]JiL‘Wi’]ﬂTi‘]Jixl,iJuﬁUu'lﬂmSE’NLL@ﬂLﬂﬂEJ‘LAﬂ’JﬁJi?JUi@ﬂH

aauls

4, =147.58 MBtu/hr
G =113.60 MBtu/hr
Fe =1.02

PLFE, =0.83

R =0.26 hr.ft."F/Btu
Ry ~0.20 hr.ft."F/Btu
Rym =0.27 hr.ft."F/Btu
R =0.09 hr.ft.°F/Btu
t, =86.00 °F

t, =3.00 °F

[ =100.00 °F

o =109.25 °F

W, =8.03 kW
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(Refrigerant Ton) waﬁwmmﬁm (ms/s) (kPa)
3 6.5x10 4 2.68
5 1.08x10 3 6.83
8 1.73x10 3 16.20
10 2.17x10 3 24.60
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5 1.08x10° 21.52 1954 11.9

8 1.73x10° 32.84 263.6 21.5

10 2.17x10° 41.24 339.6 263
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Storage Volume
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MINVOYAUDIRHAAND I Data logger 11 Measuring Range 911529 250°C 19 1,300°C 420

Resolution 0.1°C 11ag Accuracy (%FS) NN £0.2% (2.6°C)
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HGSHP System with 1" Control Strategy

Device CT 3 RT CT5SRT CT 8 RT CT 10 RT
Heat Pump (%) 93.7 93.7 93.7 93.7
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Cooling Tower Fan (%) 0 0 0 0
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HGSHP System with 1" Control Strategy

Device CT3RT CT5RT CT 8 RT CT 10 RT
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_ Q.R, + (g, —34M)(R, + PLF,R,, + RF.)

L
¢ - i Ho ¢
g 2 p
q, = Net annual average heat transfer to the ground (Btu/h)
Q. = Building design cooling block load (Btu/h)
FSC = Short-circuit heat loss factor

PL Fm = Part-load factor during design month

Rga = Effective thermal resistance of the ground, annual pulse (h.ft.F/Btu)
Ry = Effective thermal resistance of the ground, daily pulse (h.ft.F/Btu)
Rgm = Effective thermal resistance of the ground, monthly pulse (h.ft.F/Btu)
R) = Thermal resistance of the bore (h.ft.F/Btu)

t, = Undisturbed ground temperature (F)

tp = Temperature penalty for interference of adjacent bores (F)

L, = Liquid temperature at heat pump inlet (F)

Lo = Liquid temperature of heat pump outlet (F)

V\{: = Power input at design cooling load (W)

f q, (Net annual average heat transfer to the ground)

EER+3.14

qlc x
EER
8,760n/ yr

0, =
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1 q,, (Building design cooling block load)

qlc = ch,peak X 81 760 (R-ton.hr)
=9.47x8,760
=82,926.38 (R-ton.hr)

= > d‘ 9 = dyd 1 [BE-Y
gatlunlslumsanu1iia EER 101 11.4

1 d‘ Y
UNUAUNDY g, 1977

82 926.38x 1A +3.14

%= 8 760

g,=12.3 (Rton)
0, =147.58 (MBtu/hr)

M R, R, HaZ R, (Effective thermal resistance of the ground)

a ' [ a
M31/52UA Effective thermal resistance of the ground Wumsdszdivagly

[ 1y 4 1 LY a L{ o a b a

ANUTUNUTUDIAT G-factor LLazmﬁmJixﬁmmimmm%’aummﬂucﬁﬂumiﬁﬂmﬂﬁxmu
9

AMUHUIN ¥ WUNTAUMNY 0.8 Btu/hr.f.F M5Useiiuni G-factor ﬁ’uwfﬂ']'iﬂﬂllﬁiﬂﬁlﬂWi
a 1 . Y o 1 Aygya 1 Y =
WITUIMIAN Fourier number (Fo) L!ﬁ’)uWﬂ"l“lflvlﬂW%'lﬁﬂHWWﬂW G-factor mm’ay‘aclugﬂ‘w 3.2

Tuena1391999 (ASHRAE, 1997)

dat da(t,-t,) da . -t,)
dzf Fo, = dfz - Fo, = (2;2 :

Fo, =

e t,=3,650  (days)
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t, =3,680 (days)

t, =3,680.17 (days)

d = Equivalent Diameter of GHE pipe

TAgn5An¥77i 1948 HDPE nominal diameter 17 91ndyans 197t 3.1
Tuene391999 (ASHRAE, 1997) N0#ana19gil d (m1n 0.18 ft

a = Thermal diffusivity of ground

a = dyd 1 1T W 2
Tasaulumsanutua a 1m0 0.03 ft'/hr

iz 187
Fo, =329,955.87
g1 3.2 Tuena1sduds nuh G, = 1.08
Fo, =2,704.71
g1 3.2 Tuenasdds nuh G = 0.7
Fo, = 14.97
nngtlit 3.2 lwenansdds nudh G, = 0.27
uwumﬁmm Effective thermal resistance of the ground 163
Ra =026  (hr.ftF/Btu)
Rym =0.27 (hr.ft.F/Btu)
Re =020  (hrftF/Btu)

a PLF_ (Part-load factor during design month)

I 1 o 1 o H A
L']JUﬂHLﬁﬂ\‘]ﬁ\?@ﬁﬁ"lﬁ')'Llﬂ'ﬁ‘VﬂQ']Uﬁ Prat load U835 UU WIITHUIHIN

YLoadxhours OP_day per Month

PLF, = X
Peak Loadx24 Day_per _Month

1 Y
unua Tén

(83.27+74.11+89.78+113.6+112.41+ 92.35) x 4 5 30

PLF, = =
113.6x 24 30

PLF - 0.83
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m R, (Thermal resistance of the bore)
a 9 a 9 a = dy
W13 W19INBNE1391989 (ASHRAE, 1997) Yoyalumiinen 3.1 Taslumsdnuiil
' g’ a ad o .
taonl49e HDPE nominal diameter 1”7 SDR 11 wagldhwigniidumstionlunios
A 9 Yya Ao Y Y o [ ' Y
uanilasuanuieuldauiionsims lvaminy 2 gom vindedmuaaina1 1491 R, =0.09

hr.ft.F/Btu

m T, (Undisturbed ground temperature)
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Agurnildaua A IUIoNa1591999 (ASHRAE, 1997) wnaue1d 4mgumngil
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oy Jya a Y a 09/} = dyi = Y T @ o o
Gummﬁlmucl,umnm@]mﬂﬁmmiz‘uu ﬂ']ﬁﬁﬂ‘kﬂu%ﬁmﬁ)ﬂﬁl% Tg IMNU 30 C (86 F) enuma

mﬁﬁﬂmmmmamié’wﬁa (Yasukawa et al., 2006; Yasukawa et al., 2009)

A1 Twi 1182 Two (Liquid temperature at heat pump inlet and outlet)

Y

o o Y a ) Yq Y 1 A o 1 2 A
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unuluaumsi 3.0 amuan T, Amnzaumuiuziiluena1381989 (ASHRAE, 1997) Tu

= dy 1 oA I v 9 ~
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aey | ANNEIIAY _ | siunueseaanildsu o anwenIn
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1 - - - 3 7,084.11
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a Yy = A A Y A = 9 2 o o 2 A
FNYALIDYAUVNAU mﬁﬁﬂmummaﬂ%m'ﬁmuamﬂaﬂuﬂmmamﬂumu’mmﬂu 72 WQNVI

ANVUAN 49.8 m



MANUIN U

a ' o a Qd o Y Y Y o
ﬂ1‘§°l.]§$!3~luﬂ1ﬁll‘lj§$ﬁ"i’lﬁﬂ1’§141ﬂ313~l§91—!l!ﬁ$ﬂ1ﬂ31N§ﬂ31ﬂl§9u§]1!w1$

VOIAU



195

d
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=2 dy A Ya 1w a o 9 a 9 a
msanwtaenlyIsmsmaIdulszansn AU oUVDIAUMIUDN AT DD
as @ 1 9 4 a B 9 vy
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FIATNUTUNN DTUNNA L‘]J‘Ll‘W‘L!‘I/]ﬂWiﬁﬂH"Ii]”lﬂ"'l]i’)i;lja5111!@]1!1/]llﬂiﬂﬁ]"lﬂﬂiﬂifl‘ﬁ"l‘ﬁﬂ"lilla$PN

e aslugii v

E4
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1. fovazuod Clay Nlogluan i 36.12
Y A A [l a Y
2. §ovazod Sand Mg ludAn Ay 63.87
Y
3. ANsUMe AN N7 34.56%
4. anurunu eI M 1,790 kg/m’ (111.75 b/ft)
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M50 Clay : Kk =[0.9log(%oMoisture) —0.2]10"
k =[0.9l0g(34.56) — 0.2]10° 7™
k=129 Btu/h.ft.F

M50 Sand : kK =[0.7log(%Moisture) + 0.4]10°"

k= [07|Og(34 56) +0. 4]100.01(111.75)
k=1.61 Btu/h.ft.F

&%

W51 k Twvesau Tasoutiydansiens 12 1a

kg = (%Clay x kCIay) +(%Sand xkg,4)
kg =(0.3612x1.29) + (0.6387x1.61)
kg =1.49 Btu/h.ft.F (2.58 W/m.K)
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SUMMARY OF TEST RESULTS
[ProsecT:  mmsgs s 5 Taadu Tt [BORING NO. 1 ELEV.  swduiuilepiy OESERVED W.L030 mGL
|LocaTion :  feumm oArm aqueweeaT ITEST BY Tlamd DATE  Silumuases SHEET Ne.
DEPTH SAMFLE GROUP ATTERBERGS LIMITS MC. L= o, TNT WEIGHT SPT TIRECT VANE SHEAR STRENGTH GRAIN S1ZE
md TYFE SYMBOL %) L ks, ke, l-‘ oL, SHEAR TEST (% Finer) SIVE Na.

FORM [ TO Ma, Ll PL FL e T © ] Ph. BD Ned N 200
150 | 200 | ST1 | sw-sM NP - e - 16 | 137
300 | 350 | sT2 =3 3665 | 1830 | 1835 | @57 | 033 | 035 | L7 | LS n 7
450 | 500 | sT3 NO RECOVERY =
500 | 650 | 8T+ CL | 4055 | 2087 | 1968 | 6056 | 017 | 035 | Les | 1
750 200 8TS NO RECOVERY
I9.Cﬂ 9.50 8Té OL-ML 44 iz I 11.57 I 61,67 0¥ 035 165 o
1050 | 10| sT7 NO RECOVERY

(1200 | 1250 | &TE o 5205 | 77 | @ | ease | om0 | G | te | oss | | | e =}
1350 | 1400 ST9 NO RECOVERY

Tsm 15.50 ST 10 CH 5250 2463 787 2230 147 050
1556 17.00 8811 CL 1 1887 14.28 2870 m 300 30

ko0 | 1850 | 8812 cL 3020 | 1aer | 163 | 3E 100 P

50 | mm | 8813 =3 3460 | 2165 | 1505 | 68 | 330 | 4 )
200 | 2150 | ssu4 CH s7as 2424 | 3201 | 2430 | 230 | 2m0 = B S =
ma0 | mes | 8815 cL AR EREE RN ™ | =

[ 2400 | 2145 | ss1s o 530 "l 100 7453

Tzsso | mes | 887 M 2054 0 X
T | 7748 | s M FINT) 1% | 148 | = B
50 | 16 | S8 M 1747 | - | 14 | s 735
000 | 3045 | 8520 M| 078 - 161 | 13 | e 100 1857

END OF BORING

¢, =[%Moisturex1.0Btu/IbF + (100—%Moisturg)c = ]/100
c, =[34.56x1.0Btu/IbF + (100 34.56) x 0.26] / 100
c, =0.52
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Y Y 9 a ' ] a a Y
nndeyaddulsziivmimanuvuiulugniwilnavesau Taan
r =[%Moisturex62.4lb/ ft> + (100—%Moisture)xr . ]/100

r =[34.56x62.4b/ ft* + (100—34.56) x111.75] /100
r =947 Ib./ft

dry
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