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@ Ground Source Heat pump (GSHP) System &E%&!EE%E

- Undisturbed layer :
Heating
e constant temperature throughout a year

Cooling
(Summer)
e 1-3°C higher than annual mean temperature
Circulating e

Fluid i

Advantages :

1. Reliable heat source
2. Higher efficiency

3. Not intermittent

4. Less maintenance

Heat
Pump
Unit

Ground Heat
Exchanger

Disadvantages :
Heat Undisturbed layer Heat 1. Large site area required to install GHEs
Release Extraction . . . -
2. high installation cost for drilling
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@ Energy Pile & Spiral GHE
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Energy
Pile:
no need
for extra
land

Installation in the hollow part

smaller
depth

e

E

i ===

'ﬁ.fter installatio A
joint of
lower part

: %_  borehole
g soil cement

g TR Spiral pipe after stretching

Joint of lower part

Geothermal Tornado
Method

O

rotating

C)
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http://www.japanpile.co.jp/method/pdf/tornado.pdf
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f\ Installation of spiral GHE HEr pump

Drilling Work:
100 m (U-tube)

20 m (spiral tube)

connection between U-shaped pipe

double spiral pipe

thermal pile

[ borehole drilling & U-shaped pipe installaiton
[ ] connection between GHE & heat pump

reduction effect: 61%

L] T 1
Thermal pile + double spiral pipe GHE Borehole U-shaped pipe GHE
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@ \ Heat Transfer of Spiral GHE &’r’;ﬁ;&&&zgg.“g;

Spiral tube has longer
length than -
conventional U-tube

\

Larger heat transfer
area between ground
and circulating fluid

Underground Depth
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Capacity Resistance Model (CaRM) kT Pue
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Capacity Resistance
Model

lumped thermal capacity
model

* transient heat
conduction approach

Spiral pipe (small diameter) can be
neglected and simplified to a line heat
source/ heat sink

Summer: inject heat to ground
\Winter: extract heat from ground

Heat transfer inside
energy pile

One-dimension heat conduction in
multilayer cylindrical wall

Zarrella, A. & de Carli, M. Heat transfer analysis of short helical
borehole heat exchangers. Applied Energy 102, (2013).
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f\ Fin Efficiency

Kollmar-Liese model
For hot water floor heating system, in the floor, a

&k ||
= !lu
S [} . . .
B M e virtual fin is assumed
\ T
The mean temperature of the virtual fin:
T =T, +n X (Ty —Tp)
N TL
d @ Ty : @ J virtanl fin Heat transfer rat_e from floor to air:
* - S P— Q=axnx(Ty—T)
* R =ax (Tp—T
Lpitcn d (T — TL)
The heat transfer coefficient (fin efficient):
Ishino, H. “Research on Calculation Method of Thermal Design Load in Radiant
2a 1 M Heating and Cooling Systems.” Sixth International IBPSA Conference (BS' 99). 885-892
mh (1999).
9

m = ﬁ;h=zx (lpitch_d);n =
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f\ New Calculation Method HEAT PUMP

Layer between “core” and “shell” is considered as a
“vertical” floor panel.

By analogy, temperature of the “panel” Ty, :

Tpnl = Tcore + Ncore X (Tsp — Tcore)

Tpnl = Tshetr + Nsheu X (Tsp — Tsheur

1
Tpnl = E X [(Tsp — Tcore)ncore + Tcore]

1
+ E X [(Tsp - Tshell)nshell + Tshell]
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() New Calculation Method o
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GroundClub (GSHP system simulation &ﬁﬁmm
program)
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Calculation of ground
temperature change
- simplified & fast speed
* accurate
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Calculation Flow
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Input: building data,
specifications of heat
pump and ground heat
exchanger, soil data,
etc.

Output: pipe inlet/outlet
temperature;
ground temperature

| Input load Q, ‘

Q. <0
(Cooling Operation)
Calculate Ej,,

Q=0
Stop Operation

Q2 >0
(Heating Operation)
Calculate Ey,,

I

Calculate Q;of
primary side

‘ Calculate Tyt |

Calculation of heat
pump unit

Il _____________________________________ | T !

| Tp—in = Tiout |
1

‘ Calculate ar |

Calculate thermal resistance

Calculate Nfshell: Mfcore
T

Calculate T

[sp

n n n
Tcorea Tshell » Tpnl

n — TN
Tp—out - Tfsp
I

Calculation of ground

heat exchanger

Calculate Tg(1_py ¢, t)

t=t+dt

Platform: MATLAB

Inside borehole
(energy pile):
New calculation
method

Outside borehole
(ground):
GroundClub
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Building Overview
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M’s Industry Group

Building

* Location: Sapporo, Japan
* Floor area: 650.85 m?

* Number of floors: 3

* Nearly ZEB verified

* Operation time: 2021/7 ~

ZEB technology

* GSHP system

- Total heat exchange ventilation system
* PV system

* Radiant air conditioning system

PHC energy
pile

* Quter diameter: 600 mm
* Depth: 20 m
* Pile material: concrete

Spiral GHE

* Diameter: 400 mm

* Pipe outer diameter: 32 mm
* Pipe inner diameter: 26 mm
* Pitch: 250 mm

[.1*'1Hri  puw
Ld b.ifi...‘: 8 9 1 BN
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Building Overview
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|
| ——
FCU FCU FCU FCU
3F I—'|
(office, meeting room) |
[ [
2F FCU FCU
(office) I I
| —]
Longest Fcu | [ Feu | [ Fou | [ Feu @ Q
o —
operatlng 1F
time (store) - _@_GSHP1 |_@)_GSHPZ |_@)_GSHP3
7777 77777 77777 77777
Rated power: 10 kW  spiral GHE 2x2 2x3 2x2
. ] systems systems systems
for each GSHP unit
Energy pile
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secondary
temperature e | side
sensor |
ek, GSHP
. \KD unit
magnetic
flow meter | 1 !
N . .
Flow rate V¢, pipe inlet/outlet
temperature Tj,, /T,y¢, €lectricity
GSHP units in 1st floor consumption are measured hourly
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f\ Energy Pile Layout
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24 thermal piles installed on each
floor of the house

1st Floor:
* 4 (2 series x 2 parallel)

(O2nd Floor:
* 6 (2 series x 3 parallel)

() 3rd Floor:
- 4(1+1+2)

(OSnow melting: 10

3.640m 4.095m

4.550m

i 1F

3.640m 3.640m

(2]

]

3.640m

3.640m L 2.730m

5

<E—<'>

i 3F
system system
40L/min 40L/min fgﬁ}?ﬁn
O——O O O
(P—O Q O 4)—0
ﬂ
&J
- 5 \ ,\l) ) (
(} J \.)
Snow Melting
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@ Thermal Response Test HEAT PUMP

Duration: “ }
2021/10/6 Record I S S g sy
—~ device 5. 18
2021/10/20 - 16
338 hours 30 4 — [
TRT device 5 o 14 -
e_ 25~ flowrate -
< [ "3
B [/ Kelvin’s & 204 10 2
[<}] - -
line g (¢ =
1 || Circulating fluid: ) e -
1 & ethylene glycol el ‘0. e
I =20 4 model _ ,
= 20m B _
P i I Lyiten = 250mm 5- '
ivi . I T T T T T 0
Thermal CondUCtIVIty Of grOUt- ’ 0 50 100 150 200 250 300 350
lgmut =06W/(m-K) Time (h

Thermal conductivity of energy pile:

Apie = 2 W/(m - K) Effective thermal conductivity of ground soil:

Aq = 1.846[W /m - K] (used for simulation)
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@ Space cooling operation (summer)
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preparation

validation period

Time period:
2021/8/1 ~ 2021/8/31

Heat injection to the ground
(primary load):

Q= prfo(Tin — Tout)

long-term operation at low
load
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@ Space cooling operation (summer) ﬂ‘éﬁ&&a&m
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@® space heating operation (winter) Witz
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@ Space heating operation (winter) &E‘?&&E&’%‘E

8
inlet (measured)
o B inlet (simulated)
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@® Problem & Discussion e

Temperature difference Set up more temperature nodes
Instantaneous large » between simulation and » and divided the core part and shell
heat injection

measurement part into n regions
region n region 1 region 1 region n
T?m'e T%ore Tpn!
. W ® @& @& @ @ _W : ® ® & @& @
Core Core
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@ short-term simulation B o
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First 30 hours of TRT

30
28 More temperature
O nodes can make CaRM
o 27+ model be more
3 =— measured applicable
= 26 - I
o ]
E—zs- _ = ne
o —n=3
F 24‘ n=
23 —— n=5
_ n= The simulation over a
22 : ; . , . , . , . ; ' short period of time
0 S 10 15 20 25 30 get closer to the actual
Time (h) measurement
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®) Conclusion &%ﬁ‘&%ﬁ%‘é

1. Using energy pile and spiral GHE can largely reduce the required land for
installation and drilling cost

2. New simulation tool adopting the concept of fin efficiency can make the
calculation to be simple, fast and accurate

3. This simulation tool is suitable to predict the long-term operation of
GSHP systems using energy pile and spiral GHE

4. For short-term operation, setting more temperature nodes can get better
simulation results
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Thank you for listening
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