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1 Software Manual

1.1 Content and use of the program EWS

The Basic version of the program EWS calculates the behavior of borehole heat exchangers. This
is done by numerically solving the heat equation of the ground and the heat transfer from the
boreholes. The program calculates the outlet and inlet temperatures as well as the heat extraction
performance of the boreholes (single boreholes or fields of boreholes) with hourly resolution up to
a period of 200 years. The program EWS allows to take into account all major influences. The
ground can be vertically divided into maximum 10 layers with different types of ground materials
and backfills, such as the corresponding properties. Since the program EWS is able to do unsteady
calculations of the fluid, it offers the possibility to calculate “start-up processes” and “thermal
response tests”.

The Full extension version allows graphical input of fields of boreholes on imported schemes
(cadastral maps, ground plots, district plans) and entire systems for direct cooling over borehole
heat exchangers can be calculated. Based on the return temperature of the building’s cooling
system (TABS, cooling ceiling and ventilation), it is possible to simulate a hydraulic linking of the
borehole heat exchanger with the ventilation or the hydraulic cooling system. Even simulations with
complex ventilation schedules are feasible.

The Pro version allows consideration of groundwater influence, solar collectors and neighboring
borehole heat exchangers.

1.2 What is new about version 5
Version 5.0 has brought, among others, following improvements:
» Free borehole arrangement for up to 150 boreholes (full extension) / 600 (Pro version)

* New, smaller borehole illustration with grids of 5m — 50m for the illustration of entire district
plans on the original plan (Pro version)

» Consideration of neighboring boreholes
» Depiction of soil temperature for borehole fields and whole districts (Pro version)

» Display of borehole temperatures for borehole fields over the entire year for the whole
simulation duration

* Influence of groundwater for one or two aquifers (Pro version)
« Solar borehole regeneration with thermal solar collectors (Pro version)

1.3 Further literature

During the elaboration of the program EWS it was paid attention highly to the fact, that users with
no deeper comprehension of the models or numerical background, should be able to use the
program. Hence a default value for each set of input is provided. In most cases these default
values lead to reasonable results. The manual does not present all the models that are used in the
code. But these models are published in very detailed manner (sometimes even with source code
of the program) in scientific reports and publications (including validations). An overview of the
publications can be found in the reference list.

The program EWS contains the EWS module, which was supported by the Swiss Federal Office of
Energy (ref. [5], [6], [8]).
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2 Installation and licensing

2.1 System requirements

The following requirements must be fulfilled to ensure a smooth use of the program EWS on your
personal computer:

» operating system: Windows XP / Windows Vista / Windows 7 / Windows 8 / Windows 10
» free disk space: at least 100 MB

e screen resolution: at least 1024 x 768 pixel

2.2 Program delivery

For legal reasons the program EWS will not be delivered on a physical data medium. It can only be
downloaded from the internet or sent by email. It must be unlocked with a license number.

2.3 Language versions

The program EWS is available in different language versions (English, German, French, Italian,
and Spanish). For loading the program EWS in languages other than German, the translation file
“Sprache.ews” must be in the same folder as “Ews.exe”. The language can be changed anytime by
selecting the favored language in the pull-down menu “info”.

2.4 Program licenses

The acquisition of a program license authorizes to the installation of the program EWS on one
computer of the client. It is feasible to obtain a second license number for a second working station
(e.g. laptop, home computer) at the same location without additional charge if the computer is
exclusively used by the same person. In the case of the substitution of the old computer, one can
apply for a third license.

In all other cases, supplementary program licenses must be purchased for additional installations.
For additional licenses of the same client, there will be a 50% price reduction.

Program licenses are unassignable and must not be resold.

Schools and educational institutes get special conditions. Educational licenses are not allowed to
be used for commercial calculations.
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2.5 Installation

The program EWS requires no installation. Just copy the file “Ews.exe” into your favored program
folder on the computer. The program EWS can be unlocked by the entry of the license number.
Thereby, 4 types of license numbers are distinguished:

1. license number for test version (4701)
2. license number for a Basic installation
3. license number for Full version
4. license number for Pro version

According to the license number a different functional range is available.

2.6 Input of the license number

The test version, the Basic version, the Full version and Pro version must be unlocked by the input
of a license number. The corresponding procedure is described in the following:

Berechnung von Erdwarmesonden

Ingeni
Jupiterstrasse 26
CH-8032 Zirrich

mail@hetag.ch

,,,,,

Pidaram EWS| Ver. 5. @ fluber Enerdie

/ Information ﬂ — EII&

Programm EWS

Version 5.0, Mar 2015

Autar Arthur Huber, Huber Energietechnik AG
Copyright: Rechenmodul E¥S:  Bundesamtfiir Energie (BFE), Bemn

Programm EMWS Huber Energietechnik AG
Jupiterstrasse 26, CH-8032 Ziitich

Ingenieur- und Flanungsbiiro
Tel: +41 44 22774 78
Fax: +41 44 227 7979
mail@hetag.ch
Literatur.  Berechnungsmodul fir Erdwarmesonden (ENET-Nr. 9658807/1, 1997)
Erweiterung des Programms EWYS fur Erwarmesondenfelder (ENET-MNr. 8318227, 1934)

Dieses Programm enthélt das im Aufrag des Bundesarmts fiir Energie (BFE) entwickelte Modul EWS

Lizenz Nr: 54701-EM/S-verbl fur Frobewersion E
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Test version:

The word “Probeversion” must be written in the designated field instead of the company name to
unlock the test version. The license number of the test version is 4701.

_lgx
This arogram is licensed for:

|Pmbeversion

Installation nurmber

Yourlicense number:

[a7m

[nurnker of trial version is 4701)

f )

Close | Installation number |(| 0K
N

The test version offers everybody the complete functional range of the full program version. But
there are some restrictions to a part of entries that cannot be changed (e.g. length of the
boreholes, substance properties).

Basic, full and pro version:

The installation number is shown by pushing the button “Installation number”. This number has a
particular and different value for each personal computer. This number has to be sent together with
the name of the company by e-mail to mail@hetag.ch . The individual license number will be sent
back to you within 48 hours.

s
A Lizenznummer - |0 il

This program is licensed for:

Installation number

[33333

Your license number.

(number of frial version is 4701)

Close | Installation number 0K

The license number and the company name should be entered into the designated fields. Keep the
license number saved since after a certain time it might be necessary to enter the license number
again.

e -
¥ Lizenznummer [ —|alx]

Thi ieli o for:

( Huber Energie Technik AG ’

Installation number

[333333

il & humhber:

|aaassssaam

(nurmber of trial version is 4701)
Close | Installation number ’

After the finalization of the installation it is necessary to do one calculation run with the program
EWS by using its unchanged default values. Only now it is possible to move on to the data input.
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3 Data input

3.1 Basics of the data input

3.1.1 Missing file ,Lizenz.ews*

There is no license number entered yet (see chapter 2.6), if the following error message appears
during the startup of the program.

g

'ﬁ Moch keine Lizenzrummer eingegeben. Ceffien Sie INFO!
)

If you have already entered the license number and the error message still appears, please assure
that the file ,Lizenz.ews" is in the same folder as the program ,Ews.exe". Is this not the case, copy
the file “Lizenz.ews” into the current program folder or enter the license number once more
according to chapter 2.6.

3.1.2 Decimal points

It is important that inputs are always entered with decimal points and never with decimal commas.
All input information after a decimal comma is ignored by the program and may produce the error
message “Floating point division by zero”.

Ews-Modul x|

@ Floating point division by zero,

3.1.3 Default values

A default value is allocated for each parameter at the start up of the program. These values were
chosen carefully with the aim to represent the most common and useful cases. Generally, the
calculation can be made with the default value if a simulation parameter is unknown or its meaning
is unclear.

3.1.4 Pull-down menus

Various input fields offer a pull-down menu as a help for the data input. Normally, several input
parameters are set to the corresponding values by the selection of an option in the pull-down
menu. Nevertheless, please note that these input values can still be changed manually, afterwards.
In such a case it may happen that the input values do not agree anymore with the pull-down menu.
The EWS Program deals with this inconsistency by using the manually entered values and by
ignoring the pull-down selection.

= Generally, the EWS Program does not calculate with the values from the selection in
the pull-down menu, but always with input field ass ociated to the input parameter.
These input fields can be changed in every case, in  dependently of the pull-down
menu.
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3.2 The sheet “Boreholes”

The number of boreholes, the borehole depth H, the type of the boreholes and their configuration
can be defined on the sheet “Boreholes”.

# Eingabedaten EWS -0 il
Fle Input Import Editon Windows Iofo

ot Borsholes |2 Fluid |3 Earh  Yextaction|5 info |
L
Borehole configuration )
ekt 11 I _I 1.7 outer pipe diamster [m] 0.0320
-
: 1.8 wallthickness of pipe [m] 0.0030
Open .
0.40
L2 T ‘ pa— @ Uspips ‘ 1.9 Heat conductivity of pipe [W/mk]
B 1 .3 Number of boreholes 1
. 1.4 Borehole depth 200
1.5 Borehale diamstar 0120

|»

Dimensionless thermal response factor g

1.10 Boundary condiions with grfunctions  Yes & No

Close
[

Fig. 3.1:  The sheet “Boreholes” and its default va  lues.
In field 1.4 you enter the depth of the boreholes and in field 1.3 the number of boreholes. Additional
input fields appear (see Fig. 3.2), if more than one borehole is entered in the field 1.3. Now the
borehole distance can be entered in field 1.6 and in field 1.11 it is possible to choose the borehole
configuration.

Programrm EWW'S, Lizenz fiir Huber @ Huber Energietechnik AG, Zirich Z|

¥ Eingabedaten EWS =]
Fle Input Import Edifion  Windows Info

e ﬁDthD‘Eslz Fluid |3 Earth |4xtract|un|5 Infa |
npul
Borehole configuration
Calculation |32 — _I 1.7 Outer pipe diameter [m] 0.0320
rirn double-U-pipe -
18 Wall thickness of pipe [m] 0.0030
Open .
- 0.40
Ty ‘ £ oomdal D Ukl ‘ 1.9 Heat conductivity of pipe [w/mk]
e 1.3 Mumber of barehales 2
1.4
Results Borehole depth 200
1.5 Barehole ciameter 0.120

1.6 Borehole distance 10.00 B/H eff: 0.500 163

|»

Dimensionless thermal response factor g

1.1.0 Boundary conditions with grunctions * Yes Mo
1.11 gfunction: LI
Graph of g-function 1.12 Graph of g-function

Input gfunction 1.13| r ves Mo

Programm EWS, Lizenz fiir Huber @ Huber Energistechnik AG, Zirich _I
-

Close
[

[
Fig. 3.2:  On the sheet “Boreholes", additional inp  ut fields appear, if 2 or more boreholes are
entered in field 1.3
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3.2.1 Selection of the borehole type

By selecting one of the options in the pull-down field 1.1 (see Fig. 3.3) the program automatically
fills in the default values for the borehole type (double-U- or coaxial pipes, field 1.2), the borehole
diameter [2 x r4] (field 1.5), the outer pipe diameter [2 x r¢] (field 1.7), the wall thickness of the pipe
[rs-ro ] (field 1.8) and the heat conductivity As of the pipe (field 1.9). But these parameters can still
be adjusted manually.

¥ Eingabedaten Ews —|ofx|
Fle Input Import Editon Windows Info
-
e Forehales | 2F\u\d | 3Earlh | édramiunl 5info |
npu
Borehole configuration
Crlekiion 1.7 outer pipe diameter [m] 0.0320
1.8 ‘Wall thickness of pipe [m] |—n 0030
8]
- 3 e 19 Heat conductivity of pipe [W/mk] 0.40
40 mm double-U-pipe
Save 50 mm double-U-pipe 11
B3 i cosxial pipes Geaowatt
Results 75 mm coaxial pipes Geowalt
80 mm cosxial pipes Geowatt
32 rarn single-U-pipe
40 mm single-U-pipe
Dij ionl thermal p factor g
1.10 Boundary condiions with gfunctions  Yes © No
Close
Programm EWS, Lizenz flir Huber  ©@Huber Energietechnik AG, Ziirich Z|
[ [

Fig. 3.3:  The sheet “Boreholes” with its options t o choose in field 1.1.
Especially for the borehole diameter there can be bigger deviations from the default value,
depending on the ground properties and the used drilling technology. Check the borehole diameter
carefully (field 1.5).

3.2.2 Boreholes with double-U-pipes

The borehole disposition can be entered in the

following manner:
field 1.5 Borehole diameter =2 x r1
: field 1.7 Outer pipe diameter =2 x rs
field 1.8 Wall thickness of the pipe =rs —r,
field 1.9 Heat conductivity of the pipe As
field 3.11 Shank spacing = Bu
field 3.3 Heat conductivity of the filling Agi
ann

Fig. 3.4: Double-U-pipe nomenclatures.
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3.2.3 Coaxial pipe-systems
The additional input fields 1.22, 1.23 and 1.24 appear if coaxial pipes are selected in field 1.2.

/ Eingabedaten EWS =]k
Fle Input Import Ediion Windows Info

o Borsholes |2 Fluid |3 Eath | Gxraction|5 info |
npu
Borehole configuration
Caleulation 1.7 Outerpipe diameter [m] 0.0320
11] |

|»

1.8 Wall thickness of pipe [m] 0.0030
Open .
1.2 Twp ‘ & comsial ® Ui ‘ 1.9 Heat conductivity of pipe [W/mK] 0.40
5
s 1.3 Number of borehales 1 For coayial boreholes:
Results 1.4 Borehole depth 200 1.22 Diameter of inner pipe [m] 0.0250
1.5 Borehale diameter 0.120 123 Wiall thickness of inner pipe [m] 0.0025
1.24 Heatcanductivity of inner pipe [W/mk] 0.4000
Dimensionless thermal response factor g
1.10 Boundary conditions with g-functions FYes & No

Close
|

Programm EWS, Lizenz fiir Huber  ®Huber Energietechnik AG, Ziirich

L« |

Fig. 3.5:  The sheet “Boreholes”, selecting of coax ial pipes in field 1.2.

The borehole disposition can be entered as following:

field 1.5 Borehole diameter =2 xr;

field 1.7 Outer pipe diameter =2 X rs

field 1.8 Wall thickness of the pipe=rs—ro
field 1.9 Heat conductivity of the pipe As

field 1.22 Outer Diameter of the inner pipe =2 xra

— ¥y

field 1.23 Wall thickness of the inner pipe =ra—r;
field 1.24 Heat conductivity of the inner pipe Aw
field 3.3 Heat conductivity of the filling Ari

Y “Earth

Fig. 3.6: Coaxial pipe nomenclatures.
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3.2.4 Selection of the borehole configuration (sing le borehole or field of boreholes)

/¥ Eingabedaten EWS _ o]
Fle Input Import Editon Windows Iofo

EDfEhD‘ESPF\uld |3 Earth |Aextraction |5 nfa |
Input

-

Borehole configuration
Calculation 11 1.7 Outerpipe diamster [m] 0.0320
o -
I _I 1.8 wallthickness of pipe [m] 0.0030
Open
L2 Tom ‘  comial P :U*pipei ‘ 1.9 Heat conductivity of pipe [W/mi] 0.40
Save 1.3 Humber of borehales 1
1.4
Results Borehole depth 200
15 Borehole diameter 0120
Dimensionless thermal response factor g
1.10 Boundary canditions with g-functions © Yes & Na

Fig. 3.7:  The Sheet “Boreholes” with its default va  lues.

Each type of borehole configuration can be described by its dimensionless thermal response
function g (see eq. 6.8). The program EWS sets the outer boundary condition of the simulation
area to this thermal response. For single boreholes, a second possibility is the use of the analytical
solution for infinite line sources, described by Carslaw & Jaeger [1] (see eq. 6.11). Field 1.10
defines which solution is applied. The program EWS sets the boundary condition with the g-
function, if the field 1.10 is set to “yes”, otherwise it uses the equation of Carslaw & Jaeger. The
boundary condition calculated by Carslaw & Jaeger is only adequate for single boreholes and
simulation periods up to the response time from eq. 6.12.

Once the entered number of boreholes (field 1.3) exceeds one, field 1.10 is set to “yes” and the
boundary conditions are calculated with the g-functions of Eskilson ([2] and [3]). As a consequence
the pull-down field 1.11 appears with a choice of the borehole configurations. There, B/H stands for
the ratio of the borehole distance B and the borehole depth H.

¥ Eingabedaten EWS Single barehale

N 2 boreholes, B/H=005
Fle Input Import Edition Window|? poreholes, B/H=01

2 boreholes, B/H=02

3 boreholes inaline, B/H = 0,05

= |ofx]

Fboreholes inaline, B/H=01

Borehales |2 Fi)3 boreholes inaline, BfH =02
Input 4 borehales inaline, B/H =005
4 boreholes inaline, B/H=01
Borehole 44 horehales in aline, B/H=10.2
Calculation B borehales in aline, B/H =005 i 8 S 5] 00320
11 G horeholes inaline, B/H =01 I thicks f
2x2hareholes, B/H=-0.08 FNHTES =5 Gl (7] 00030
Open 2x 2 horeholes, B/H=01
1.2 Twp EZbeorehD\es, B/H=02 Pat conductivity of pipe [W/mk] 0.40

2x 3 boreholes, B/H=005
Sane 2x 3 boreholes, B/H=01

1.3 rumberattly X3 o e, Bl - 07

1.4 Borehale dd2 * 8 boreholes, B/H=0.05
Rz 28 horeholes, B/H=01
1.5 Borehole dij3 x B boreholes, B/H=01

3x 6 horeholes, B/H=02 —
5x 10 boreholes, B/H=0.1
Sx10boreholes, B/H=0.2
10x10 boreholes, BfH =10.1
3 boreholes ina tiangle, B/H = 0.05
3 borehales inatriangle, B/H = 0.1
7 boreholes in L-configuration, B/H = 0.05
7 barehales in L-configuration, B/H =01
110 Eimemeta em 12 boreholes in a sguare, B/H = 0.05

Dimensionle:

12 boreholes in a sguare, B/H =01 hd
1.171 grfunction, LI
Graph of g-function 1.12  Graph of gfunction

Input g-function 1.13 | ¢ ves @ Mo

Close

Fig. 3.8:  The sheet “Boreholes” with the borehole configurations to choose from in field 1.11.
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In the following the options for the borehole configuration in field 1.11 are explained:

e ,single borehole*: The g-function for single boreholes by Eskilson
is used.
B
N >l
« 1 xnboreholes, e.g. 1 x 4 boreholes: Q Q O O
1 B 1
——>
o} © 0

« mx n boreholes, e.g. 2 x 3 boreholes:

o} o} o}
o}
e 3 boreholes in a triangle:
@ ®
€—>
B
__@_
3
__@_
e 7 boreholes in a L-shape:
o}

e 12 boreholes in a square (around a
building): o o)

- o)
e
_ -o o)
* 10 boreholes in a U-shape:
o) o)

© O o o

« _not defined*: Each borehole is calculated with the equations
by Carslaw & Jaeger (eq. 6.11) (single infinite
line sources).

e ,special input®: Description see chapter 3.2.5.
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Please pay attention to the following: The number in field 1.3 will not be adjusted automatically if
the number of boreholes in the field 1.3 is not consistent with the selection in field 1.11! All
calculations are always based on the value in field 1.3.

Each g-function is only valid for a specific ratio of the borehole distance B to the borehole depth H.
If the effective B/He ratio (field 1.6a) differs from the B/H value of the selected g-function, the g-
function will automatically be extrapolated to B/He. This extrapolation is based on findings from
Huber & Pahud [6]. Since all extrapolations are afflicted to an uncertainty, always use the g-
function with the B/H ratio closest to the effective value in the field 1.6a. This extrapolated g-
function, which is used for the calculation, will be shown graphically by pressing the button 1.12.

A Gfunc =15Ix|

M gfunction ts=15a]

g-function

s
]
—

Copy

Print 2T

Inftts) [

-7 -6 -5 -4 -3 -2 -1 1] 1 2 3

Fig. 3.9:  The Sheet “Boreholes” with the graph oft  he extrapolated g-function.

3.2.5 Input of a particular g-function

The EWS Program offers the possibility to enter a particular g-function as an alternative to the
selection of a borehole configuration from the library (field 1.11). There is a number of published g-
functions in the literature (e.g. [3]). Additionally, new g-functions can be interpolated from the
existing library values. For instance, the borehole configuration 1 x 5 boreholes, if desired, can be
interpolated to a sufficient accuracy from the borehole configuration of 1x 4 and 1 x 6 boreholes.

In the following, it is shown how the user can enter a particular g-function. This is only necessary, if
the borehole configuration cannot be described by one of the options in the field 1.11. To enter a g-
function, chose “special input” in the field 1.11 and then select “yes” in the fields 1.10 and 1.13.
Thereafter, the fields 1.14 to 1.21 (see Fig. 3.10) appear on the right hand side.
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/¥ Eingabedaten EWS - ol
Fle Input Import Edtion Windows Info

Boreholes| Fluid | Eerth |Edocion| i |
Input

Programm EWS, Lizenz flir Huber  ®@Huber Energietechnik AG, Ziirich

Borehol fi ti
c (EHETEE G 1.7 Outer pipe diameter [m] 0.0320
alculation -
1.1 [32 mm double-U-pipe =]
1.8 wall thickness of pipe [m] [ooms0
Open "
1.2 Ty  cosxal @ ki ‘ 1.9 Heat caoncuctivity of pipe W/ mk] 0.40
save 1.3 Number of boreholes 4
— 1.4 Borehale depth 100
15 Borehole diameater 0.120
1.6 Borehole distance 1000 B/Heft 0.1001.6a
Dimensionless thermal response factor g
1.14 thjH=0.0005
1.10 Boundany canditions with gfunciions & ves  © No 1.15 inips)=-4  [q5z0
1.16 musy=2  [eon
1.11 gtunction:  [Specialinput ~|
’ 117 mats=0 ez
Graph of g-function 1.12  Graph of grunction 1.18 ntwtsi=+2 [
1.19 s =+3  [5.600
Input grfunction 1.13 @ ves ~ No 1.20 Barehale distance of gunction  [10.000
1.21 8 0100
Close
[

Fig. 3.10: The Sheet “Boreholes” during the input o f a particular g-function.

The fields 1.15 to 1.19 describe the g-function by giving the function values of the data points
In(t/ts) = -4, -2, 0, +2, +3. Published or self-calculated g-functions are always valid for a specific
B/H ratio. The B/H ratio in the field 1.21 is calculated from the borehole distance B (field 1.20) and
the borehole depth H (field 1.4). First, the field 1.21 must be harmonized with the B/H ratio of the
favored g-function. This can be done by adjusting the borehole distance in field 1.20 (The borehole
depth in the field 1.4 must not be changed). Thereafter, the function values of the favored g-
function on the data points In(t/ts) = -4, -2, 0, +2, +3 can be entered in the fields 1.15 to 1.19. The
g-function is now completely defined by the fields 1.15 to 1.21.

Remarks:

e Field 1.14 shows the ratio of the borehole radius r, and the borehole depth H. This ratio is
0.0005 for all g-functions in the program library (and for most of the published g-functions).
It cannot be changed and it is published for the sake of completeness.

« ltis still the effective ratio B/He from the field 1.6a (and not the B/H ratio from the field 1.21)
that defines the result of the calculation. During the next calculation, the EWS Program will
automatically extrapolate the entered g-function to the effective B/Hes ratio.

» If the g-function was entered under "special input” in the field 1.11 as described above, this
g-function can be saved and later be reloaded from the option “special input”.

e More detailed information about the g-function can be found in the ANNEX.
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3.3 Afreely designed borehole configuration: The s heet ,Field of boreholes*

Only in the Full version (and Pro version) of the program EWS, an additional, smart option is
offered to enter any kind of borehole configurations in a field. To take advantage of this option
choose “Field of boreholes” in the menu “Input” (see Fig. 3.11).

# Eingabedaten EWS
File | Input Import Ediion Windows Info

Borehcles
Fluid
Earth Fluicl Earth | Exvraction| Infa |
Simulation
Extraction e configuration
—— < Quter pipe diameter [m] 00320
— Info \wall thickness of pipe (] 0.0030
wentiation schedule
___ Directcoooling W o & U-pipe | Heat conductivity of pipe [W/mK] 0.40
Heat pump
of boreholes 1
e clepth 20.0
1 [
— Je boretiole in a fieldge#®]e diameter 0.120

Dimensionless thermal response factor g

Boundary conditions with g-functions & Yes O Mo
g-function: Special input LI
Graph of gfunction Graph of g-function

Input g-function CYes & RNo

Close

Prograrmm EWWS, Lizenz fir Huber Huber Energietechnik AG, Ziirich

Fig. 3.11: The selection of the sheet “Field of bo  reholes” in the menu “input”
The Full version of the program EWS now shows the sheet “Field of boreholes” with a grid. The
distance between two grid lines is one meter. Every ten meters there is a thicker grid line. The grid

lines correspond to a net of coordinates in which the left, upper corner has the coordinates 0/0.

,"‘" Programm EWS: Sondenanordnung

0/0 . ™
Exit S1 [ 10 m 20m 30 m 40 m e |
: (| X |}
i shiowr | %2‘ ‘
10m-gid [ 3 }
e [
& I:SS
[ 1:10.0:10.0 2:20.0:10.0 3:30.0:100
> [se
O m 4:3000:20.0
0m
5:30.0:30.0
y
Fig. 3.12: The Sheet “Field of boreholes” with the grid (1 line per meter).
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3.3.1 Inserting a background-map in 4 easy steps:

In the Full version of the program there is the possibility to insert a background-map. This map can
be scaled. The picture of the map has to be in the BMP-format and must be stored in the clipboard
first (e.g. by getting a ,print screen® of one of the existing GIS-browsers) and can then be pasted
into the sheet ,field of boreholes* by pressing on the middle mouse button (mouse wheel) . Mac-
users (no mouse wheel), may choose “Mac” by clicking Info in the main menu: This will add a
button “Clipboard in the Field of Boreholes. In the next step the grid must be scaled to fit to the
inserted map. To do so, with the button S8 (,scale”) a well-known distance can be inserted in field
S9 and defined on the map by marking the starting point Mpl and the ending point Mp2 with the
left mouse button. With the buttons S6 and S7 the map and the grid finally can be set to the
favored size on the screen. Now we are ready to define the positions of the borehole as described
in 3.3.2. As soon as the first borehole is set, the background map cannot be changed any more. In
the following pictures the 4 steps to insert a background map are shown in detail:

i KANTONZORICH O1S-BROWSER NS RENENE i P L i
p2d Y Ovdine: Kaxten xiew Kardors Ziirkch nttp:iwww.gis.zheh_| = f"‘“ E’\S‘l‘ ‘ \1 . - "ﬂ' 2 = -
BASISKARTEN (LANDESKARTEN, Zenlrum: BINAT7 /247643 Tl e [CS2 A e Ty S oh L
UBERSICHTSPLANE) Bildbreite ca.: 165 [m] T e S U o 7 == SRR LA
Kanton Zirich. Diese Karte stellt &inen Zusammenzug von amtlichen Daten N \ show S3 -z 7 T, = —— |
werschiedener Stellen dar. Keine Garantie fiir Rishtigkeit, Vollstdndigheit und Aldualitat Massstab: 1:1000 E\i I ; é‘4‘ 2 D?J krf /ﬁ ;//',:’AA ,l'l/ ! 7'.'—-_ —r 4 i
e chtsverbindliche Augkinfte erteilen allein die zustindigen Behdrden 0 m - gri g i, —t
Rechtsverbindliche Auskiinfte erteil llein di stindigen Behdrd, ] 2,(/(\ f/’ '21’ "”l ‘}’ 1
delete 2 (%l Y A ¥
NC e ANC R GeR T ET T i i
AN B e i [1] A= TN i ST R
N 7 L L [ty 23 R s e S S
- BT i i QI e AW
‘ N Nt VLN e L 2NN
i 1 Y LI () J
PN TN E N e N e gl
NN e \J\.HJJ‘L"", -
=S8 S9 Q = al
R0 hS 7 \NIZRID
2 s KTDistanz[[10.000 m \.«r’/‘rrff B NS
T Ry 1w KUl ol N S|
X Y h' Dl N 4 ——r
4 Y "l - N N
~ b [<: N ANRNEY; 7T N
Z2 00N A NER NN 7717 N7
. A = AN N R N 7
o oA o N NN
== NERNNEA Y/ ONEN Y
- - N Pl Pk NN
~ 7722\ g NS N AN T
Fig. 3.13: 1. step: Store an appropriate map in  Fig. 3.14: 2. step: By pressing the middle mouse
the clipboard (e.g. by getting a print screen of on e button / mouse wheel into the sheet “field of
of the existing GIS-browsers as  www.qgis.zh.ch ) boreholes” the clipboard is pasted on the screen.
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Fig. 3.15: 3. step, scaling the map: Choose 2  Fig. 3.16: 4. step: With the buttons S6 and S7 the
well known points on the map, define the distance map and the grid finally can be set to the favored size
of these 2 points (field S9) and mark the 2 points on the screen. Now insert the borehole positions as
by pressing the left mouse button on this points. described in 3.3.2. Note: As soon as the first borehole
Finalize this step by just clicking into the map. is set, the map cannot be changed anymore!
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3.3.2  Set coordinates on map

It is possible to define an own coordinate grid, if a background map was provided (according to
chapter 3.3.1). To do so, one must choose the button S27 “Reference”. Two fields with the
abscissa (x-axis) and the ordinate (y-axis) appear. These can be changed by the user and the
defined reference point can be placed on the map by a left mouse click.

¥ Programm EWS: Sondenanardnung - m} x

M R | Temp-3 | Temp-2 ‘ Temp-1 | Temp ‘ Temptl | Tempe2 | Tempsd

i Map % X 5 L]
: I e
L opy 2054 I 3 2023

[\_
%
/

2]
10 - grid "'---..___“-
>
i 7
% |
C.\“

W // R~ =]

Meighbor
Fig. 3.17: The sheet “Field of boreholes” with the option to set an own coordinate grid.
Now boreholes can be placed according to chapter 3.3.3. The coordinates of the placed boreholes
will be defined relatively to the appointed coordinate grid and their position can be exported for
subsequent reproduction.

|sohypsel

|sohypse2

@“

srale

B0m - grid

Z 20m - grid
10m - grid
8m - grid

#m - grid
Brm - grid
£ Gm - grid

Nurnber

2371

000.0 [200000.0//
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ﬁ Eingabedaten EWS

File Input  Import Results Windows Info example

Existing calculation
Earth properties (SWEWS) lktrach

Weather data from Meteonorm
Input

T

TRT
Calculstior EgparillEm [
Export borehole locations
Open Import borehole locations L
Input measured data |
Save Borehole depth IZW
Rerehnls diameter TEEa

To save the borehole positions, on must exit the field of boreholes window and click the “Import”
from the main menu, to then choose “Export borehole locations” and save this file to an appropriate
folder.

The location file can later on be imported (“Import” from main menu and “Import borehole
locations”) in a different EWS project with a different grid background or plan (chapter 3.3.1),
before the boreholes are placed. The new reference point must be set to be the same as the
original reference point placement, in order to secure the correct borehole placement.
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3.3.3 Set, dislocate and delete boreholes in a fiel d of boreholes

It is possible to freely arrange up to 150 boreholes (600 in the Pro version) on a field of boreholes
by clicking with the left mouse button. Directly below each of the boreholes appears the borehole
number (counting up from 1 in the order of the borehole placement), followed by the x-coordinate
and the y-coordinate of the borehole. The x-coordinate and the y-coordinate correspond to the
distance in meter from the left, upper corner of the grid. With the button S4 the grid spacing can be
changed from 1 m to 10 m. Each borehole can be set with a precision of 10 cm and can be
dislocated with the mouse anytime. To dislocate the borehole, select the centre of the borehole
with the left mouse button and dislocate it, still keeping the left mouse button pressed. It is also
possible to delete boreholes. To do so, select the centre of the borehole with the right mouse
button and remove the borehole, while still pressing the right mouse button. Thereby, the
corresponding borehole disappears. Immediately, all other boreholes are newly numerated.

Clicking on the button S3, 3 concentric circles around each borehole appear, whereof the colors
give a hint about the g-value of the field of boreholes: Red indicates a high g-value and blue stands
for a low value. The color scale is not an absolute scale but a relative one: The highest value in the
field of boreholes always has the same red while the lowest value has the same blue. The colors
give a hint about the relative distribution of the temperature in the ground around the borehole.

It is possible to zoom in (button S7) and to zoom out (button S6) of the borehole field if the field of
boreholes is bigger than the displayed range. Thereby, the left, upper corner always keeps the
coordinate 0/0. The button “delete” (S5) deletes all boreholes.

By pressing the button S2 the whole sheet can be copied into the clipboard and thus be used for
reporting in other programs, such as Word. The sheet “Field of boreholes” can be quit with the
button S1, whereby all input data will be saved (number of boreholes, coordinates of the boreholes,
distances of the boreholes, g-function). The values of the g-function are transferred to the fields
1.15to 1.19 of the sheet “Boreholes” and can be checked there.
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Fig. 3.18: The sheet “Field of boreholes” with 21 boreholes. The “blue” boreholes give a higher
yield, the “red” boreholes give a lower yield.
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3.3.4 Optimization of borehole fields

The procedure of the optimization of a field of boreholes shall be illustrated on a example with 5 x
10 boreholes. The blue colored boreholes have the highest yield. Boreholes with lower yields (they
are located in the centre of the field where the heat hardly flows to) are purple at the borders and
dark red in the centre. The button 1.12 shows a graph of the g-function which makes the
difference easily visible: The g-function can be reduced by 8% with the relocation of the 4 central
boreholes. This means that the borehole temperature in the balance condition in the right example
will sink 8% less, than the one on the left.
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gfunction ts = 35.2 [a] 3l giunction ts =38.2 [a]
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Fig. 3.19:

3.3.5 Calculation of a single borehole in a field o

The comparison of 2 borehole fields wit

f boreholes

h 50 borehole of 100m depth and 10m distance.

There exists the possibility to calculate the g-function of a single borehole in a field of boreholes
(see Fig. 3.20) if the borehole field was defined according to the description in chapter 3.3.
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Fig. 3.20:
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3.3.6 Neighboring boreholes and new borehole config uration in the Pro version

In the Pro version there is the possibility to consider neighboring boreholes. Thereby the program
EWS assumes that the neighboring boreholes have the same thermal load as the ones being used
in the present project. The description of the calculations is in Chapter 6.5.

Button S10, called “Neighbor”, appears only when a map is inserted according to chapter 3.3.2 in
the pro-version. Clicking this button switches you to the “neighbor mode”. In this mode all the
added boreholes are marked yellow, as neighboring boreholes. Neighboring boreholes do not
belong to the present project, but affect the g-function and the calculation result. By pressing the
button “Neighbor” again, the mode is set back to normal and boreholes of the present project can
be added again. Neighboring boreholes can be moved and deleted just as normal boreholes.
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Fig. 3.21: Input of neighboring boreholes (yellow) in the pro-version

In the pro-version an additional display format was implemented, which is suitable for mapping
entire districts with up to 600 boreholes . In this new display format, the boreholes are smaller. The
coordinates of each borehole are now only shown when a borehole is being moved with the
mouse. The borehole number can be enabled or hidden by pressing button S18. The new display
format can be activated by choosing the grid size of 5m to 50m with the buttons S11 up to S17.
The chosen grid size is marked in bold on the corresponding button (S11 to S17).

Bed_EWS51_Eng.doc 22 Huber Energietechnik AG



Program EWS, Ver. 5.1 @ Huber Energietechnik AG

3.3.7 Display of ground temperature in the pro-vers  ion

In the Pro version of EWS, the cooling down (or warming up) of ground temperatures after 50
years in the yearly average can be displayed. Color-wise, a cooling down and a warming up are
displayed equally. The seasonal temperature fluctuations near the boreholes, which result from the
load profile throughout the year, are not displayed. The fine, black lines mark isothermal lines, the
difference between these lines amounts to 1°K temperature difference. The color scale can be set
with the buttons S20 to S26. Ground temperatures can only be shown, if a map was previously
provided as described in chapter 3.3.1Fehler! Verweisquelle konnte nicht gefunden werden.
With the button S27 a continuous fading of the map and of the temperature fields can be set.
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Fig. 3.22: Display of ground temperatures after 50  years in the Pro version.

,/

Ground temperatures can only be displayed correctly, if previously the borehole field was
calculated with the correct load profile. For this purpose the sheet ,Field of Boreholes* must be
properly closed with the button S1 after finishing the placement of the boreholes and a new
calculation must be carried out. After this the sheet ,Field of Boreholes* can once again be opened
(see Fig. 3.11). The desired grid size can now be chosen (S11 — S17) and then with the buttons
S20 to S26 the ground temperature can be calculated and displayed. Buttons S20 through S26
differ only by the displayed color scale. By pressing button S19 or by changing the grid size, one
returns back to the plan view. Attention: The use of screenshot-tools (e.g. SnippingTool) is not
supported and can lead to a black screen. We advise the use of the ,Copy“-button S2 or the
»screenshot-function* of Acrobat Reader.
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3.4 The sheet “Fluid”

The data about the borehole fluid and filling can be entered in the sheet “Fluid”.

# Eingabedaten EWS =) il

Fle Input Import Ediion Windows Iofo
areholes  Fluid Earth draction |5 Info
- B 2 Fhid |3 e |action|5 i |
Calculation ) )
2.1 Properties of fluid: Imnnnalhy\eng\yknl 20% 0°C LI
Open 2.2 Heat conductivity offluid [W/mi] 050
2.3 Density of fluid [kg/m3] 1037
Sz 2.4 Heatcapacity o fluid [Jfkgk] 3905
Kinematic viscosity affluid [me/s
_— 2.5 ity [m2/s] 0.0000035
Mass flow rate in all boreholes:
2.6 Temperature difference in-out [K] 3.0 Mass flow rate [kass] 0080 27
Temp es in the undisturbed earth: Temperature profile in the earth?
2.8  Annual mean airternperature ['C] 3.0 2.13
2.9 Additianal warming of the surface [Cl: 0.8
2.10 Temperaturs gradientin the sarth ['C/m] 0.030
2.1 1calculate borehole depth ¢ Yes @ Mo
.12 Minimal barshole inlettemperature = -3.0 '
Close
Programm EWWS, Lizenz fiir Huber Energietechnik. @ Huber Energietechnik AG, Ziirich
[

Fig. 3.23: The sheet “Fluid”.

field 2.1 By selecting one composition of the fluid in the pull-down field 2.1 all corresponding data

(the heat conductivity, the density, the specific heat capacity and the kinematic viscosity of
the fluid) are inserted automatically. If the used fluid is not listed in the pull-down field 2.1,
there is the possibility to select “not defined” and to manually enter the values of fields 2.2 to
2.5.

fields 2.6/2.7 The required input in field 2.7 is the designed mass flow rate (cumulated mass flow
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of all boreholes together). If this mass flow rate is unknown, there is the possibility to enter
the temperature difference between the borehole inlet and the borehole outlet temperature in
field 2.6 . Immediately, the program adjusts the mass flow rate (field 2.7 ) using eq. 3.1 and
the inputs of the heat extraction rate (field 4.4), based on the temperature difference (field
2.6) and the heat capacity of the fluid (field 2.4). It is important to know that the program
does all calculations using the value of the mass flow rate (field 2.7 ). The value in field 2.7
can be changed anytime without causing an adjustment of other variables, while changes of
the other variables (fields 2.4, 2.6, 4.4) result in an adjustment of the mass flow rate.

n= = Q
ATIE,

eq. 3.1

Hence, it is possible that the four variables are inconsistent and do not fulfill eq. 3.1 if the last
of the four entries concerned is in field 2.7 . In such a case the program neglects the entry in
field 2.6 and calculates with the value of the field 2.7. But be aware that if the heat
extraction rate (field 4.4) is entered after the designed mass flow rate (field 2.7), the
program adjusts the value of the field 2.7 and no longer calculates with the desired mass
flow rate. Thus, check the mass flow rate after the three other variables are entered and
correct the value, if necessary. It is recommended always to enter the designed temperature
difference (field 2.6).
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3.4.1

The temperatures in the undisturbed ground

There are 2 methods to insert the data for the undisturbed temperature in the ground (starting
condition for the simulation):

1.

Entering the annual mean air temperature (field 2.8 ), the additional warming of the surface
(field 2.9) and the temperature gradient ATecrag in the ground depth (field 2.10). With the
mean air temperature, the dependency on altitude must be taken into account (reduction of
some 0.47K per 100m higher altitude). The mean air temperature and the additional
warming of the surface are simply added in the program. For the temperature gradient
ATecrad, the geothermal heat flux qgeo and the thermal conductivity of the earth Agamn exists
the following correlation:

qgeo = AEarth |]yrGrad [VV/ mz] eq. 3.2

Directly entering the temperature profile in the undisturbed ground in a maximum of 10
points (fields 2.15). The surface temperature will in this case be extrapolated linearly out of
the first two inserted values and the temperature in the depth out of the last two inserted
values.

To change from method 1 to method 2, field 2.13 must be set to ,Yes". In this case, the input fields
2.8 — 2.10 will disappear and the fields 2.15 and button 2.14 (,Graph") will appear instead. With
these, the temperature profile in the earth can be defined.
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Fig. 3.24: Input of the undisturbed temperature pr  ofile in the earth out of a measurement.

(Example from a measurement of Dr. U. Schéarli/ E. Roh  ner [19]).

Bed_EWS51_Eng.doc 25 Huber Energietechnik AG



Program EWS, Ver. 5.1 @ Huber Energietechnik AG

3.4.2 Automatically calculated borehole length

The program EWS is able to automatically calculate the necessary borehole length according to
the norm SIA 384/6 [21]. To do so, the simulation period in field 4.8 or field 10.15 has to be set to
50 years and the minimal borehole inlet temperature in field 2.12 and the temperature difference
over the borehole in field 2.6 have to be set according to the norm SIA 384/6 (minimal mean
temperature of the brine must add up to -1.5°C, e.g. minimal borehole inlet temperature in field
2.12 set to —3.0°C and the temperature difference in field 2.6 set to 3.0 K). To start the calculation,
the field 2.11 must be set to “Yes” and the calculation can be started with the button “Calculation”.
The program EWS now calculates the minimal borehole length with which the imposed conditions
are respected. The resulted length can be read in field 1.4.

3.5 The sheet “Info"

This sheet helps to specify the project, to describe the variant and to name the author as well as to
add some remarks.

A Eingabedaten EWS - ol x]
Fle Input I[mport Edition wWindows Info

]Eurehu\eslz Fluid |3Eanh |4Luad 5 Info |

Inpaut

Calculation Project info 5.1 IPrnJek{Erdwaermesnnden

Description 52 IF’rngramm EWS, Wer 3.9 mit Default"Weren
8]
peEn Author 5.3 IHuberEnarg\alEchnlkAG, Zuetich
Comrment
Save 5.4 I

Fesults

Pl

Close

I

Programm EWS. Lizenz fiir Huber Huber Energistechnik AG. Ziirich

Fig. 3.25: The sheet “Info”.

Bed_EWS51_Eng.doc 26 Huber Energietechnik AG



Program EWS, Ver. 5.1 @ Huber Energietechnik AG

3.6 The sheet “Earth”

On the sheet “Earth” the thermal properties of the ground and the filling material can be defined.
Furthermore, the number of horizontal layers in the earth are defined on this sheet (field 3.1,
maximum 10 layers). The thermal borehole resistances Ra and Ry are entered in the fields 3.4 and
3.5. If the borehole resistances are unknown, they can be calculated from the borehole geometry
and the properties of the filling material using two methods (see chapter 6.8).

3.6.1 Basic Inputs

File Input Import Results Windows Info  example
Boreholes ] Fluid Earth l Extraction ] Infa ]
1 3
: 2 & External earth data Borehole resistances
nput Number of horizontal layers: 1 Pioe dist 4
pe distance
3.1 swews  S{L1 ['Shank spacing’) oo [ $12
Calculation Properties of the earth: FProperties of the filling: Conta:c; TS HERED H; 8.000 [néKg'VI]” 13
! D :
20 alw'/mK]  plka/m3]  cp [17kgK] 33 alwf/mK]  plka/m3]  cp[I/kgk] Ra[mKAW] Rb [mAv]Re [mkA
Ozt Homogeneous [240 2600 {1000 st fnE0 3040 o000 |oooo {000
[if urknawe, leave blank]
Save 37
f* Equal layers 3.8 ¢ Homogeneous earth 319 f* Homogeneous filling 3.10 o hodel of Hellztrom
Flesults " Mon equal layers " Inhomogeneaus earth " Inhomaogeneous filing " Input of thermal resistances

A [w/mk] 2] cp
real  [kg/m3] [J/kgk]

3.14 big20.0m 2400 f2600 [1000 | 319 ~|

3.16 3.17 3.18

:

Cloze

Pragramm E%'S, Lizenz fir Huber Energietechnik AG 2 Huber Energietechnik AG, Ziirich

Fig. 3.26: The sheet “Earth” (with a single, horizo  ntal layer).

w

A First, the user defines the number of horizontal layers in the earth. The calculations
are executed using equal layers (see below). Calculations with only one horizontal
layer (and averaged properties) save computing time but provide less accurate
results (because of the coarse calculation grid). Nevertheless, this is often precise
enough for boreholes up to a depth of 100 m or for a first, rough dimensioning.

Due to numerical reasons the program EWS internally calculates with a uniform
calculation grid in the vertical direction of the boreholes, even if in field 3.7 unequal
layers are selected (which is possible only in the full version of the program). The
program EWS than internally averages the physical properties of the earth for every
vertical calculation layer (field 3.14 — 3.19). The averaging is done prior to every
calculation run. Thus, even in the case of a variation in the borehole depths, there is
no need for adjustments of the earth’s definition.

3.2 “Properties of the earth”. The averaged physical properties of the earth (heat
conductivity A [W/mK], density p [kg/m?®] and specific heat capacity cp [J/kgK]) can
be entered in the field 3.2 if in the field 3.7 “equal layers” and in the field 3.8
“homogeneous earth” are selected. In this case, the values are transferred
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3.3

3.13

3.4-3.6

automatically to the fields 3.16 — 3.18. The program EWS always computes
internally with the values from the fields 3.16 — 3.18. If the user adjusts the values in
the fields 3.16 — 3.18 in a later phase, it might happen that the inputs (field 3.2 and
fields 3.16 — 3.18) are no longer consistent. In such a case, the values in the field
3.2 are ignored and they are adjusted in the next calculation run.

Furthermore, the program EWS calculates the arithmetic mean of the “properties of
the earth” for the whole borehole depth during each run. The results are showed
after the run in field 3.2.

Hence, on the one hand, fields 3.2 are an input assistance and on the other hand
they are an output field for the arithmetic mean of the physical earth properties for
the whole borehole depth. In no case a further calculation is made with these
values.

In field 3.3 the “properties of the filling” (heat conductivity A [W/mK], density
p [kg/m3] and specific heat capacity cp [J/kgK]) can be entered if in field 3.9
“homogenous filling” is selected (what usually is the case) or if the calculations are
done with a single horizontal layer. The “properties of the filling” are used for the
calculation of the thermal borehole resistances Ra and Ry, (see chapter 6.8).

The contact resistance Ry is an additional resistance between the borehole hole and
the filling. The value of Rq is always added to the value of Ry,

The borehole resistances Ra,, Ry, Rc can be found in the fields 3.4 —3.6. The
definition of the resistances Ra, Ry, Rc are given in chapter 6.8.

The default setting of the program EWS calculates the borehole resistances with the
equations given by Hellstrom (see chapter 6.8, option field 3.10). In this case the
inputs in the fields 3.4 — 3.6 are ignored (there is no need for an input ). The
borehole resistances are calculated prior to each run using the equation by Hell-
strom and considering the properties of the filling material (field 3.3), the mass flow
rate in the code case (field 2.7) and the distance between the pipes in the borehole
(field 3.12). The calculated values for Ra, Ry, and R are showed in the fields 3.4 —
3.6 after each run.

The internal resistance Ra (field 3.4) and the resistance of the borehole Ry, (field 3.5)
can be entered if in the field 3.10 “Input of thermal resistance” is selected. In this
case R (field 3.6) must be set to zero . Otherwise the value for R. (field 3.6) is
used to calculate Ry (eq. 6.33) and the input of Ry will be replaced by this new Ry. In
case of any adjustment of the mass flow rate (field 2.7), Ra and Ry (but not Rc) are
set to zero and recalculated with the new mass flow rate (eq. 6.33), since R, and Ry,
depend on the flow velocity of the fluid (by the heat transfer rate a). The detailed
calculation and all possible options are given in [5].
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3.10/3.12

3.11

There is no need to enter the values of the thermal resistances in the field 3.4 — 3.6
if “Model of Hellstrom” in field 3.10 is selected. In this case, the program EWS
calculates the thermal resistances in the next run. But the distance between the up-
going and down-going pipe (shank spacing, field 3.12) must be entered (see chapter
3.2.2) using the “Model of Hellstrom”. Generally, the default value for the pipe
distance can be used. The default value for the pipe distance is calculated from the
borehole diameter and the pipe diameter under the assumption that the pipes are
placed at the borehole’s wall. However, a later adjustment of the borehole diameter
is not automatically considered for the pipe distance.

With button 3.11 earth data of the Swiss molasses basin can be imported from the
program SWEWS [11].

Caution: The number of horizontal layers must always be entered before property
data from a SWEWS are imported.

3.6.2 Input of multiple horizontal layers

The earth is divided into multiple horizontal layers by entering the corresponding number (>1) in
field 3.1 (see Fig. 3.29). The maximal number of layers which can be defined is 10. The layers are
equally spaced if “equal” is selected in field 3.7. The option “unequal” in field 3.7 must be selected
to enter layers with variable depths (available only in the full version ). The selected number of
layers also corresponds to the number of layers in the numerical calculation but these layers are
always equally spaced over the borehole depth (see chapter 3.6.1). The depth of the deepest
geological layer must always be = the borehole depth.
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Fig. 3.27: The sheet ,Earth” with 6 horizontal layer s of variable thickness.
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Caution: The depth does not indicate the thickness of the corresponding layer but the
distance from the deepest point of the layer to the surface of the earth.

After defining the number of horizontal layers, data about their respective properties can be
entered into the suitable fields. It is possible to define layers which are deeper than the borehole
itself. These layers are neglected as long as the borehole does not reach them. Therefore, it is
recommended to enter the entire data of the known geology. This allows a later variation of the
borehole depth without a need for adjustment in geology.

A horizontal variation of the filling material can be entered by selecting “inhomogeneous filling” in
field 3.9. This option is only available if the layers are equally spaced what implies the selection of
“equal layers” in field 3.7. Similar to the division of the earth, a field with additional lines appears,
that can be used to enter the properties of the filling material (field 3.20) as well as of the borehole
resistances (field 3.21) (see figure below)

The default values are taken from the field 3.3 and 3.4 — 3.6.

3.16 The physical properties of the filling material can be entered directly into these cells.

3.17 The procedure to set the values of the borehole resistances Ra, Ry and R¢ is analog
to the one for the fields 3.4 — 3.6 in chapter 3.6.1.

3.3-3.6 The arithmetic averages of field 3.20 and 3.21 are shown after each run in the fields
3.3-3.6.
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Fig. 3.28: The sheet ,Earth” with an inhomogeneous f illing of the borehole.
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3.6.3 Physical properties of the earth input

A field for each horizontal layer appears, to enter its properties. Either the properties can be
entered directly (field 3.15 to 3.18) into the cells or an earth type can be selected from the pull-
down menu. The earth types in the pull-down menu are linked with the appropriate physical

properties (see Fig. 3.29).
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The program EWS also offers the option to enlarge the library in the pull-down menu by adding
new earth types with their own names and physical properties (see Fig. 3.30). This can easily be
done by entering the data manually into the suitable cells (field 3.19). After a run, the new defined

earth types appear at the bottom of the pull-down menu.
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Fig. 3.30: The sheet ,Earth”, nomenclature of rocks
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mmmw 1000 ~|3.19

450 [0118
it unknown, leave blank]

&+ Model of Hellstrdm
3.10

" Input of thermal iesistances

082

3.12
3.13

and the input of their property data.

If groundwater must be considered, and W1 in the field groundwater is clicked, an

additional column 3.15 appears with the ,effective thermal conductivity” Aesr. Aerr iS the
apparent thermal conductivity when considering the groundwater influence. A< can
for example be defined by a thermal response test (TRT), whereas Ara (thermal
conductivity without groundwater influence) is defined e.g. by measuring a rock
sample. With groundwater, At is used for calculations inside the simulation radius
and Awea is used for calculations of the g-functions, because in this area the

groundwater is accounted for separately.
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3.6.4 Creation of a user defined geological library

The program EWS offers the possibility to create a user defined, geological library with a maximum
of 30 different earth types and their physical properties. Once the library is established, it is loaded
automatically when the program is started and the entries appear in the pull-down menu (field
3.19).

The first step to establish a library is to create a table in excel with the name of the earth/ground
types and the appropriate physical properties (see Fig. 3.31). The names and the properties must
be entered below the header (row 2 —31). The names must be entered in the first column, the A-
values in the second column, the p-values in the third column and the specific heat capacity in the
fourth column. There are two different types of limestone (limestone region Baden and limestone
region Jura) defined in the example given below (see Fig. 3.31). The table must be saved as a text
file (*.txt) with the name “Geologie.txt” in the same folder as the program EWS . In a next step it
must be renamed to “Geologie.ews”. Thereafter, the created library is available in the pull-down
menu (see Fig. 3.32).

Caution: The program EWS can only deal with decimal points (no decimal commas). Entries
with decimal commas cause an error.
Hint: Change country settings to German (Switzerland)
| 1 name lambda rho cp =
| 2 |Limestons Baden 26 2400 1100
| 3 |Limestone Jura 28 2500 1350
| 4 |rock3 2.4 800 2200
| 5 |rock4 24 800 2200
| 6 |rock 5 2.4 800 2200
| 7 |rock & 24 800 2200
| & |rock 7 2.4 800 2200
| 9 |rocks 24 800 2200
| 10 rock 9 24 800 2200
| 11 rock 10 24 800 2200
| 12 rock 11 24 800 2200
| 13 rock 12 24 800 2200
| 14 rock 13 24 800 2200
15 |rock 14 2.4 800 2200
| 16 rock 15 24 800 2200
| 17 rock 16 2.4 800 2200

Fig. 3.31: Definition of the user-defined, geologic  al library in the excel sheet “Geologie.ews”

/ Eingabedaten EWS -0 il
File Ioput Import Ediion Windows Info

v 1Enrahnles|2 Fluid ~ 3Earth |ﬂmar:t\nn| Sinfa I

Inpu

External eath data 3,11 Borehole resistances
Calculation Number of horizontal layers: 3 31 S
i Pipedistance 3 12 [oos0 [l
('Shank spacing) "
Properties of the earth: Properties of the filling:
OIED 34 35 36

3.2 apwimk] plkg/m3] cp (koK)

3.3 aMimk] plkg/m3] cplikak] FalmkAw] b [mkew] Re [mkaw]

Homegeneaus [7 65 [oazs [z
7z 38

Sawve

[o.81 J1180 3040

29
9.9

Juaza Jomz  Joore
"H'}K”DW”' leave blank)

Results

¢ Equallayers " Homogeneous earth

i

@ Unequal layers @ Inhomogenenus earth

@® Homogeneous filling

" Inhamogeneaus filing

0. LU
@ Model of Hellstrém

" Inputof thermal resistances

Depth  AIW/MK] plka/m3] cp [kek]

39450 m 2@ [eson 1350 [Limestone Jura =]

200 m [260 [2400 [1100

|Limestnne Bacden

=l

600 m [240 [2600 [1000

=l

900 m [e40 2600 [1000 =]

1200 m [0 [z600 [1000 =]

[eo00 m [zan [zso0 [1o00
3.16 3.17 3.18

=

Fig. 3.32: The sheet ,Earth” with the properties fro
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3.7 The sheet “Extraction”
The load profile of the boreholes is entered in sheet “Extraction” (see. Fig. 3.33).

/' Eingabedaten EWS _|= il

Fle Input Import Edton Windows Inofo

-~ Emeho\es'z Fluid bEanh ﬁf‘fﬁd\ﬂﬂt Info |

Frogramm EWS, Lizenz fiir Huber Energistechnik  © Huber Energistechnik AG, Ziitich

Create new load profile with the following values?
Calculation (if ‘no” the data fram the input fils will be taken) AT [E R &
Load profile taken out of the monthly heat extraction? o
Open (it 'no" is chosen. the daily running time must be given) 4.2 | C Yes ® fNo
5 Daily running time or monthly heat extraction (negativ for cooling)
ave
January 12 [hid] July 2 [hyd]
Fesulls Februany i [hic] August 2 [hyd]
darch g [hid] 43 September 3 [h/d]
April 7 [hsd] . Octoher l—y [hfd]
hday 3 [h#d] Movermber g [hid]
June B [h/d] December 11 [h/d]
Heat extraction rate out of boreholes:
Heat extraction rate (in heating case) [kiW] 4.4 o (positiv sign)
Heatinjection rate (in cooling condition) [kKiw] 45 [0 (positiv sign)
Number of days of peak load in Februany 46 |2
Heat extraction rate in peak load [ki] A7 oo (peak load in Februany)
Simulation period: Simulation period [veébrd |3 max, 60 years
Freecooling: Freecooling by
Cl N
ose i), (et (* “res (& Mo 4.9 haorehole inlet temperature |20.00 4.10
\

Fig. 3.33:  The sheet “Extraction” with the input of the daily running time of the heat pump.

4.1 If the question “create new load profile with the following values?” is answered with “yes”, a
load profile with the input data, which must be defined, is created. If the answer is “no”, the

program uses the hourly input data from an external predefined input file and a new input is
futile.

4.2 There are two options to create a load profile: The input of daily running time of the borehole
heat pump or the input of the monthly heat extraction.

4.3 The fields 4.3 require a daily running time (different for each month), if “no” is selected in the
field 4.2. A minus must be added to the running time in the correspondent months in which
the boreholes are used for cooling (which implies that heat is transferred to the borehole).

4.11 If "yes” is selected in the field 4.2, the fields 4.11 require a monthly heat extraction as an
input (see Fig. 3.34). The cooling load must be written with a minus in this option, as well.

4.4  The heat extraction rate in the heating case must be noted with a positive sign. If the heat
extraction rate is changed, the mass flow rate in field 2.7 (in the sheet "fluid”) is adjusted
automatically (see description 2.6/2.7).

4.5 The heat injection rate in cooling condition must be noted with a positive sign, too.
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4.6/4.7 There is an option to simulate the peak load in the heating case by calculating a non-stop
heating period. The duration of this period is defined in days with the input in field 4.6. The
period always is simulated at the end of February which is the coolest period of the year. The
field 4.7 defines the heat extraction rate during this period (which is normally equal the heat
extraction rate in field 4.4).

_/ Eingabedaten EWS _|= ll

Fle Input Import Edton Windows Info

- 1Bmehu\eﬁ Fluid 3 Earth &X‘l’ﬂﬂlﬂf‘d Infa |

Create new load profile with the following values?
Calculation (it ‘na’ the data from the input file will be taken) Al o e
Load profile taken out of the monthly heat extraction? o
Open (it no’ is chosen, the daily running time rmust be given) 4.2 ® ivss < No
5 Daily running time or monthly heat extraction (negativ for cooling)
ave
January 372 [kiwh] July 652 [kitwh]
Fesuls February 334 [kwh] August 52 [kwvh]
tdarch 079 [kiwh] Septernber a0 [kitwh]
411

April 210 [Kivh] October 217 [leitvh]
Iday 93 [kvh] MNovember 270 [kwh]
June o lkwh December 341 [k

Heat extraction rate out of boreholes:
Heat extraction rate (in heating case) [kw] 4.4 1.0 (positiv sign)
Heatinjection rate (in cooling condition) [kid] 45 1.0 (positiv sign)
MNumber of days of peak load in February 4 6 2
Heat extraction rate in peak load [kiv] 4.7 1.00 (peak load in February)

Simulation period: Simulation period a8 [3 max. B vears

Closa Freecooling: Freecooling by / 9 'd 10
e (" ves (@ Mo 4. borehale inlettermperature (2000 .
Programm EWWS, Lizenz fiir Huber Energietechnik. @ Huber Energistechnik AG, Ziirich
\

Fig. 3.34: The sheet “Extraction” with the input of the monthly heat extraction
4.9/10 Field 4.9 activates a maximum limit for the borehole inlet temperature, which is defined in
field 4.10. If the borehole inlet temperature exceeds the defined limit, the program EWS
reduces the cooling rate until the maximum temperature condition is met. On the rate-
output-graph the desired rate is marked purple, the provided rate is marked green,
resulting in the ,Coverage of the cooling demand” on the result page. The function is
identical with the fields 10.28 and 10.29 on the page ,Load".

Termperatur ['C] duli S;;;Ienrijé:l;lgﬁ Entzugslaistung [kiv] Juli Son;ieanicktauf
an - Quellen- und Rucklauftemperatur " ___ . 5 T Entzugsleistung & Bedarf Thin =-8.3 C
Limitation Inlet temperature Thlae = 35.1°C Thiex =351"C
Jahr=3 Jahr=3
2 P ARG |1l s 1
24 5 1
16 2 1
8 T ] 1
i T i}
5 < -1
18 + -2
Green: provided cooling rate
-V . -3 .
Purple : desired Kiihlenargie = -529 [kiwh]
32 4 4 4 cooling rate Heizenergie = 0 [kih]
Tage Tage
-40 t t t t t t t t t | 5 t t t t t t t t t 1
i 3 G 9 12 16 14 22 25 28 | i} 3 & 9 12 18 19 22 25 28 31
LArhur Huber mit Prog EMWS © Huber Energietechnik AG, Ziirich LArhur Huber mit Prog EMYS - @ Huber Energietechnik AG, Ziirich

Fig. 3.35: Limitation of the maximum borehole inle  t temperature in the cooling case.
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3.8 The sheet “Load”

3.8.1 Creation of a load profile suggestion in the program EWS

The full version of the program EWS offers alternatively to the direct input of the heat extraction in
the sheet “Extraction” (chapter 3.7) another possibility to enter the borehole load. Thereto, the
sheet “Load” can be opened under the pull-down “Input” (see Fig. 3.36). The sheet “Load” requires
the monthly heating energy as an input, to calculate the heat extraction of the boreholes using the
given COP of the heat pump. The sheet “Load” cannot be combined with the sheet “Heat pump”.

/¥ Eingabedaten EWS
Fiie | Input Import  Edition ‘Windows Info
Boreholes
Fluict

Earth Fluid E:
Sirmulation

Extraction new load proi

Parameter he data from the
— Info

Wentlation schedule

rofile taken m

s chosen, the dt
___ Direct coooling
Heat pump unning time or
pressure drop 0
Field of boreholes Iy ISED
—  single borehale in a field 270
Al |21 il
by [30

Fig. 3.36: The selection of the sheet “Load”.
The sheet “Load” appears (Fig. 3.37) and the sheet “Extraction” is hidden.

 Eingabedaten BAS _|= ll

Flz Input Import Ediion Windows Info

oreholes| 2 Fluid Earth oad Infar
- | Boreholes| pFud | gEath  jgosd | gina |
Create new load profile with the following values?
Calculation | (it 'no’ the data from the input file will be taken) ® Yes " No 0.1

- | 10.2 heating energy withouttap water |1 500 [kih]  COP at full load lm full load heating rate |13—[kW]J 0.11
10.3 heating energy for tap water IEUU—[kWh] COF for tap water lm tap water heating rate |1_3—[ij 0.12
Save | 10.4 hase load heating energy lg—[kWh] COP far heating lmo heating power part load |1_3—[kW] 10.13
10.5 cooling energy without bage load 1200 [kih]  EERfor cooling mo cooling capacity lz_g—[kW] 10.14

R | 10.6 base load cooling energy lu—[kWh]
10,7 dews of peak load lg—[dﬁys] Simulation perind [years] |3— max Blyears 10,15

Monthly heating and cooling energy (without tap water. always as positive number):

heating cooling heating cooling
10.16 January |333 b [kith] July: i |42[| [kih]10.22
10.17 February 270 i} [KiWh] August 0 ISBD [kWh]lO.Z?)

=

10.18 Merch 252 0 [kiah] September |120 [kwh]10.24
10.19 april 1771 |—u [Kiwh] October 180 1 |—u [Kwh110.25
10.20 = |27 G0 [Kvh] Mowvember 262 IU [KWh]lO.26

10.21 June Im 240 [kiith] December 315 In [kwh])10.27
Cloes | Freecooling: 10.28 horehole inlettemperature (2000 10.29

Pragramrm EVYS, Lizenz filir Huber Energietechnik Huber Energietechnik AG. Ziirich

|
Fig. 3.37: The sheet “Load” with the input of the heating energy.
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In the sheet “Load” the monthly heating and cooling energy demand is defined. In contrast to the
sheet “Extraction”, the heating and the cooling energy in the sheet “Load” are in kWh and both with
a positive sign. The program EWS calculates a load profile for an intermittent mode under
consideration of the COP, the energy demand and the heating and cooling load of the heat pump.
Excluded from this intermittent load is the base load (field 10.4 and field 10.6) which influences the
load profile independently of the installed heating or cooling power. In the heating case, the
borehole heat extraction rate is reduced by the compressor power load which can be calculated
with the COP. The heat injection rate in cooling condition is increased by the compressor power
and is calculated with the EER (COP-1).

The mass flow rate (field 2.7) is adjusted to the heat extraction rate considering the eq. 3.1 and the
temperature difference (field 2.6) (this means a variable mass flow rate).

10.1 If the question “Create a now load file with the following values?” is answered with “yes”, the
load profile is calculated with the values from the fields 10.2 — 10.27. If the answer is “no”,
the load profile is taken from the input file and the inputs 10.2 — 10.29 are ignored.

10.7 Duration of the peak load (non-stop operation) at the end of February.
10.8 COP of the heat pump during the full load (10.11). Corresponds to the code case (full load).

10.10Input of the EER of the cooling machine (= cooling-COPc, i.e. the ratio of the cooling energy
and the consumed electric power). There a high value should be entered (e.g. 999) if the
freecooling option in field 10.28 is selected.

10.11The performance (rate) during the maximal load, end of February. The duration is defined in
the field 10.7.

10.13The performance (rate) during a part load. This heat extraction rate is rounded so the total
heating energy of 10.16 — 10.27 can be met.

10.15The duration of the simulation (maximal 200 years). Always the last year of the period is
evaluated.

10.28The cooling temperature of the borehole inlet is limited if the freecooling option is selected.
The percentage of coverage of the cooling demand can be seen on the sheet “Results”. This
can also be used, to limit the borehole inlet temperature in the case of active cooling.

10.29 The borehole inlet temperature in the freecooling case. Attention : The borehole inlet
temperature mostly is lower than the return temperature of the cooling loop (because of the
heat exchanger).

10.30 Mean COP of the heat pump in the heating period (at part load 10.13).

T
Extraction [kKW] Inlet Temp.

July TMin = 2.1°C
moT =4
TMax = 13.9°C
w4 year =3

R Heat energy = 400 [kWh]
Cooling energy = 886 [kwWh]

days

0 3 b 9 12 1w 12w uw N
LHuber Energietechnik AG mit Prog EWS  © Huber Energietechnik, Ziirich,

Fig. 3.38: The extraction rate profile of an inter  mittent mode, created with the sheet “Load".
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3.8.2 Input of own load profile in hourly steps

The program EWS offers the possibility to create hourly load profiles for the heat withdrawal from
the boreholes. This can be done following the next steps:

File Input Import Results Windows Info  example
Borcholes Fluid Earth Load ] Irfo
Create new load profile with the following values? " ~
Input [if "no’ the data from the input file will be taken) ves e
heating energy without tap water lw'h]  COP at full load full load heating rate (A%
Caloulation d energy p 1800 (Kwh] 380 g 13 [Kw]
heating energy for tap water =] [Kiwh]  COP for tap water 280 tap water haating rate 13 [kiw]
Open baze lnad heating ensrgy i [kh]  COP for heating 4720 heating power part load 13 [kh]
> cooling energy without base load 1200 [Kiwh]  EER for cooling 200 cooling capacity 25 [kiw]
5 .
e base lnad cooling energy 0 [Kwh]  mKiblisll kg/s]  [0000 Spez Sondenbelsstung  [47.88  [w/m]
Results 7.3 st
days of peak load 2 [dayz] DT im Kiihlfall [K] 32.00 Simulation period [years] |3
days of peak load in August 0 [dayz] EER at full load 3.00 full load coaling rate 25 [kh]
Monthly heating and cooling energy [without tap water, always as positive number]:
heating cooling heating cooling
Januar}' n I [} — r Tk}
33 0 Information pd
February 270 0
tarch ] 0 |:6:| Berechnung unter dem Namen "C:\Users\huber\Desktop\Exp.bd" gespeichert!
April ,T ,D_ =
tay 27 B0
June i 240

clase Freecooling: | © Yes (¥ MNo

borehole inlet temperature (2000 °C

Feld Aufteilen:

" Yes &

Ha

Programm EW'S, Lizenz fir Huber Energietechnik AG
Fig. 3.39:

lations.

® Huber Energietechnik. AG, Ziiich
Input of own load profile: 1. Save Calcu

In a first step all the inputs for the calculation are defined and the calculation is saved. In this case,
it's the file “Exp”. After this the program EWS is closed.

In the next step the saved file, “Exp”, is opened with Excel. Important is to notice it is a .txt file.

<« Rl <« huber » Desktop » Example File
Organisieren « Meuer Ordner
P
Benutzer = Marme
arthur =] Expbet
Default.migrz
huber
.pdfsam
NMirtualBox
J 3D-Objekte
L 4

Application

Exarmple File" durchsuchen

Anderungsdaturm

19.01.2018 14:29

Dateiname: |Exp.tdt

et

== =

Typ

):I
m @

Textdokument

Textdateien (*.prn;*.td;*.csv) e

Fig. 3.40:
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d file in Excel.

Offnen
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Abbrechen
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The saved file can be opened with Tabstopps as sepa  ration sign:

Textkonvertierungs-Assistent - Schritt 1 von 3 ? X

Der Textkonvertierungs-Assistent hat erkannt, dass Ihre Daten mit Trennzeichen versehen sind.

Wenn alle Angaben karrekt sind, klicken Sie auf "Weiter ', oder wahlen Sie den korrekten Datentyp.

Urspranglich

dhlen Sie den Dateityp, der |hre Daten am besten beschreibt:
- Zeichen wie z.B. Kommas oder Tabstopps trennen Felder [Excel 4.0-5tandard].

O Eeste Breite - Felder sind in Spalten ausgerichtet, mit Leerzeichen zwischen jedem Feld,

Import beginnen in Zeile: |1 ~
|:| Die Daten haben Uberschriften.
Vaorschau der Datei Ch\Users\arthur\Desktop'\Beispiel5\Bsp5.txt.
5.0 Version des ARusgabefiles, Programm EWS a
N3 x 140, 40 mm doppel-U, 35 kW Heizleistung, aktive Eihlung
W5 Furs: Beispiel 5
uber Energietechnik 2E, Zuerich
W

Abbrechen Fertig stellen

Fig. 3.41: Input of own load profile: 3. Saved file  with Tab stops

In Germany and Austria Excel settings must be changed to the decimal point (in Switzerland this is
not necessary). For this, open “Data” in Excel, then “Options”, “Advanced”, “Editing Options” and

Remove the selection “Use system separators”, then add the decimal separator “.".

Excel Options ’ %
A
General Editing options
Formulas : i
After pressing Enter, mowve selection
Procfing Direction: [Down| v
Save [l Automatically insert a decimal point
Language : -
Advanced Enable fill handle and cell drag-and-drop

Alert befare overwriting cells
Allow editing directly in cells

Quick Access Toolbar Extend data range formats and formulas

Customize Ribbon

Add-Ins Enable automatic percent entry

Enable AutoComplete for cell values
Autornatically Flash Fill

[J Zoem on roll with IntelliMouse

Trust Center

Alert the user when a potentially time consuming eperation occurs

When this number of cells (in thousands) is affected: |33,554 [

[] Use systemn separators
Decimal separator:

Thousands separator:

OK Cancel

Fig. 3.42: Input of own load profile: 4. Changing Excel settings to decimal point (if necessary).
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The calculation parameters are in the first 1000 lines of the file. Starting form line number 1001 the
hourly values follow.

A B C D E F G H J
992 0°C Starttemperatur der 4. Schict Starttemperatur4]
993 0°C Starttemperatur der 5. Schick Starttemperatur[5]
994 0°C Starttemperatur der 6. Schict Starttemperatur[&]
995 0°C Starttemperatur der 7. Schict Starttemperatur 7]
996 0°C Starttemperatur der 8. Schict Starttemperatur[8]
997 0°C Starttemperatur der 9. Schict Starttemperatur[3]
et 0°C Starttemperatur der 10. SchiiStarttemperatur[10]
999 6.00E+01 °C Warmwasser - Temperatur  WwWTemperatur
1000 0.00E+00 W/mK scheinbares Lambda Erde derlambdaErde_eff[10]
1001 |Step M [kg/fs] TSink max [*C] Qsoll [kW] TSource [°C] TMonitor p [Pa] laminar? Qeff [kw] TSink eff [°C]
1002 1 4,187 7.488 49.234 10.501 11.71 9832 TRUE 49,234 7.502
1003 2 4,187 7.186 49.234 10.2 11.5 9832 TRUE 49.234 7.2
1004 3 4,187 7.007 49.234 10.021 11.26 9832 TRUE 49,234 7.021
1005 4 4,187 6.873 45,234 9.886 11.235 9832 TRUE 45,234 6.887
1006 5 4.187 6.761 49.234 9.775 11.15 9832 TRUE 49.234 6.775
1007 <] 4,187 6.664 49.234 9.678 11.06 9832 TRUE 49,234 6.678
1008 7 4,187 6.582 45,234 9.596 10.99 9832 TRUE 45,234 6.596
1009 g 4.187 6.507 49.234 9.521 10.592 9832 TRUE 49.234 6.521
1010 9 4,187 6.438 49.234 9.452 10.86 9832 TRUE 49,234 6.452
1011 10 4,187 6.376 49.234 9.359 10.8 9832 TRUE 49.234 6.39
1012 11 o 9.375 0 11.578 11.58 0 FALSE 0 11.578
1013 12 o 11.963 0] 12.424 12.42 0 FALSE 0] 12.424
1014 13 o 12.408 o} 12.639 12.64 0 FALSE o} 12.639
1015 14 o 12.623 0 12.774 12.77 0 FALSE 0 12.774
1016 15 n 12.759 0 17878 17.88 0 FAISF 0 17878

Fig. 3.43: Input of own load profile: 5. Startingf  rom line 1001 the hourly hours are saved.

The hourly mass flow rate (total value in kg/s) is shown in column B, the maximum borehole inlet
temperature (limit value upwards) is shown in column C and the hourly withdrawal rate (positive
prefix) or energy insertion (negative prefix) in the boreholes (total value over the hours in kwh) are
shown in column D. These can now be adapted.

A B C =] E F -0} H | J
G52 0 *C Starttermperatwr der &, Schick Starttemperatur]4]
53 0 °C Starttermperatwr der 5. Schick Starttemperatur]3]
G 0 "C Starttermperatur der &. Schick Starttemperatur]§]
G985 0 *C Starttermperatur der 7. Schick Startbemperatur{7]
906 0 'C Starttermperatur der 2. Schick Startbemperatur{2]
997 [ Starttermperatur der 9, Schick Starttemperatur]9]
958 0°c Starttermperatr der 10, Schis Starttemperatur]10]

O A M a1 % LA Ta Fress s B CEr - Tammfadadateir WWALTaN Ssaad ot i
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Now the adapted load profile can be saved. Excel will ask if the file shall be saved as “Text File”,
this must be answered with “Yes”

45
Microsoft Excel @I

RN )./ may contain features that are not compatible with Text (Tab delimited). Do you want to keep the workbook in this format?

'0 » To keep this format, which leaves out any incompatible features, click Yes.
¥ To preserve the features, click No. Then save a copy in the latest Excel format.
» To see what might be lost, click Help.

Doves 1 | wo | [ hHep |

o

Fig. 3.45: Input of own load profile: 7. Saving new load profile as .txt file.

Now Excel can be closed. Now Excel will once more ask you if the file shall be saved in "Excel
Format”. This must be answered with “Don’t Save”

Microsoft Excel Iﬁ

! Do \_,-'Du;(.ri.'saxrll;: to save the changes you made to

[ Save ] IDog'tSa'u'e I [ Cancel

b

Fig. 3.46: Input of own load profile: 8. Leave Exce | without saving!
Now open EWS once more and load the previously saved text-file.

Berechnung von Erdwirmesonden

Huber Energietechnik AG
Ingenieur- und Planungsbiiro
Jupiterstrasse 26

CH-8032 Ziirich

mail@hetag.ch

Projekt laden

ﬂ Open X
Look in: | Example File j £F B~

Name - Date modified Type Size

=] Exp.ot 19.01.2018 14:29 Text Document 526 K
< >
File name [l Open
Files of type: |Textda1e\en j Cancel

Fig. 3.47: Input of own load profile: 9. Load save  d Text File in EWS
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Now go to the page “Load” and set 10.1 to

¥ Eingabedaten EWS

File Input Import Results Windows Info example

Boreholes Fluid ] Earth Load l

Create new load profile with the following values?
[if "nio” the data from the input file will be taken)

[aon kwhi
Goo kwh
o kwh
200 Kwhl
0 kwhl

2 [days]
i) [dayz]

Input

. heating energy without tap water
Calculation

heating energy for tap water
Open base load heating energy
coaling energy withaut baze load

Save )
base load cooling energy

Resultz

el

daysz of peak. load

dayz of peak. load in August

“NO”

Infa ]

COP at full load

380
2.80

COP far tap water

COP for heating 420 heating power part load
EER for cooling 200 coaling capacity

m Kiiklfall [koss]

0.0a0

200
300

DT im Kiihlfal [K]
EER at full load

Monthly heating and cooling energy [without tap water. always as positive number]:

heating cooling
January 33 'D— [kiwh,
February IT ID— [k,
March 252 'D— [kiwh,
tip o o kwh
ay ’2?— ’BD— [Kih]
Jure

[ 240 [Kwh]

Close =

:

Freecooling:

borehole inlet temperature |2000  °C

heating cooling
July lg— ,T [kxh]
August lg— ’W [Kiwh]
September lg— ’T [kih]
October 180 ’D— (k]
Naovernber 252 ’D— [khl
December IT ’U— (Kbl
Feld Aufteilen: | ¢~ ve: 8 No

full load heating rate

tap water heating rate

Spez. Sondenbelaztung

Simulation period [wears] |2

full lnad cooling rate

10.1

R
M3 kwl
,T (k]
25wl
[47.88  [wi/m]
73 lkwhim

25 [k¥]
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Fig. 3.48:

& Huber Energietechnik 4G, Zinich
Input of own load profile: 10. Page “Loa

d”, Nr. 10.1 set to “No”.

If the temperature of the borehole inlet should be limited upwards, Freecooling must be set to “Yes”
(10.28). If the maximum borehole inlet temperature must be taken from the input file, 6.18 on the

page “Simulations” must be set to “Yes”
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Fig. 3.49:
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Input of own load profile: 11. Set 6.18
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to “Yes” on page Simulation.
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If the simulation is now started, the inputs to the page “load” are ignored and the values for the
load profile in the external load file are considered. This is also visible in the graphical output. In
our example in the first week of January a constant heat performance of 50 kW was set for the
energy insertion into the borehole and the maximum borehole inlet temperature was set to 21°C.
This leads to the fact that after the third day the 50kW heat performance are not delivered entirely.

Temperatur [*C] Irlet Temp.
January THin =1.9°C
kid J— ;
Fluid temp. Thaw =31.1°C
Year=3
28 4
2 4
14 ] “
7 4
a 4
7 4
14 4
21 4
-28 4
Tage
35 I I I I I I I I I |
1 1 1 1 1 1 1 1 1 1
1] 3 B 3 12 16 19 22 25 28 H
Huber Energietechnik 4G mit Prog E\WS  © Huber Energietechnik 4G, Ziiich

Fig. 3.50: Input of own load profile: 12. Calculat  ion
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3.9 The sheet “Simulation”
3.9.1 The sheet “Simulation”

Various special calculations can be done with the sheet “Simulation”. Open the sheet “Simulation”
with the pull-down menu “Windows” from the menu bar and select “Simulation” (see Fig. 3.51).

#3 Eingabedaten EWS
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B760 6.7 Format Metenomm: Standard | & ‘ves ¢ No 6.12
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Fig. 3.51: The opening of the sheet “Simulation”.

The following, special calculations can be executed with the sheet “Simulation™:

Bed_EWS51_Eng.doc 43

The unsteady calculation of the fluid (field 6.1). The default setting of the program does
steady state calculations of the fluid like it can be found in ref. [5] and [6].

The input of the extraction rate, e.g. forced by the heat pump or the borehole inlet
temperature (e.g. direct cooling). For these cases, the field 6.2 must be selected (“yes”).
The default setting calculates the needed outlet and inlet temperature of the borehole fluid
to generate the wanted extraction rate of the heat pump.

The calculation of the thermal response (response test, field 6.3). More details can be
found in chapter 6.3.3.
The size of the input file (field 6.7). The default setting calculates 8760 steps of 60 minutes.

But it is possible to calculate a time period of less than one year and hence, to calculate
with a smaller input files. Note: There are max. 8760 time steps possible.

The estimation of the start temperature (field 6.8). This option results in a shorter
calculation time for long simulation periods (>10 years). But the results are less precise and
they should only be used for rough estimations.
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3.9.2 Input of the heat extraction rate and the bor  ehole inlet temperature

The borehole inlet temperature in field 6.6 or in field 4.10 is taken as a base for the calculations of
the possible heat extraction rate (i.e. the heat extraction rate is not determined by the heat pump) if
in field 6.2 “no” is selected.

3.9.3 The active, additional cooling if freecooling is not sufficient

If in the field 6.9 “yes” is selected, there is an additional cooling machine installed which uses the
boreholes as a back cooling. The cooling machine is activated if the freecooling covers less than a
certain fraction of the total cooling demand (the fraction is defined in the field 6.11). In this case,
the boreholes have to absorb the compressor power of the cooling machine which is calculated
with the heating COP (=EER +1) of the cooling machine (field 6.10).

3.9.4 Serial connection of boreholes or energy pole s

With short boreholes and energy poles, it can happen that with a parallel connection the flow turns
out to be laminar. This can reduce the performance bigly. To avoid this, usually the boreholes or
energy poles are connected serially. This increases the flow rate. This is considered and
reproduced in the program EWS in the field 6.13, with the input of the number of boreholes which
are connected serially.

3.9.5 Antifreeze (minimal brine temperature) und bi  valent heat pump systems

To ensure the anti-freeze protection and to take into account bivalent heat pump systems, a
minimal brine temperature can be set in field 6.15. To activate the anti-freeze protection, the field
6.14 must be set to “Yes”. Now when the brine temperature falls below the minimal temperature in
field 6.15, the heat pump reduces its work and there is no heat extraction from the borehole any
more. In order to be able to calculate the missing heat when the heat pump stops to work, the COP
of the heat pump at the minimal brine temperature must be given in field 6.16. In field 6.17 the
missing heat production of the heat pump is added up after the calculation of the system.

3.9.6 The response test

Open the sheet “Simulation” (menu bar “Windows”) to check the thermal response test (see Fig.
3.51).

Select the thermal response on the sheet “Simulation” (field 6.3). This automatically changes
various default values:

* Itis only possible to calculate reasonable results for the unsteady borehole fluid. Therefore,
field 6.1 is set to “no”.

e The calculation of the thermal response must be done with the maximal number of ground
layers. Thus, the number of horizontal layers in the earth is set to 10 (field 3.1).

» The time steps for the simulation of the fluid and of the earth are reduced. For this purpose
the time step factor of the fluid (field 7.5, “security 1”) is changed from 4 to 40 and that of
the earth (field 7.6, “security 2”) from 2 to 20.

e The time step to calculate the boreholes is set to 1 minute (field 7.4) if the duration of the
thermal response is set to 1 h (field 6.4).
The size of the input file for the thermal response (field 6.7) is adapted to the duration of the

thermal response.
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The classical case of the thermal response test extracts or adds a constant heat rate from the
ground. This rate must be entered in field 6.5. Thereby, to the convention of the signs must be paid
attention to:

e positive sign: -> heat extraction from the earth

* negative sign: -> heat induction to the earth
The temperature step (field 6.6) is ignored in this type of response test.
Do not forget to enter the correct mass flow rate of the borehole (field 2.7)!

Fig. 3.52 illustrates the first 60 minutes of the thermal response of a borehole (40mm double-U-
pipe, depth: 150 m, mass flow rate: 0.7 kg/s of 33% Monoethylenglykol, heat input of 10kW). The
first temperature maximum after 6.5 minutes is clearly visible (Halftime of the borehole cycle). This
maximum is a consequence of the piston-effect of the fluid.

Temperature [°C] Inlet Temp.
Thermal response TMin=14.2°C
a7 borehole outlet temperature TMax = 22.7 °C
year=1

24

_24 4
minutes

=30

0 B 12 18 24 3 3B 42 48 B4 ED
L'on Huber Energietechnik AG mit Prog WS @ Huber Energietechnik, Ziiich___|

Fig. 3.52: The example of the thermal response of  a borehole during the first hour.

There is another type of the thermal response test which is less frequently used. In this type the
borehole inlet temperature is constant and the borehole outlet temperature and the borehole heat
extraction rate is analyzed. For this type of response test field 6.2 (“Iteration of borehole heat
extraction rate? (Heat extraction rate given)”) must be set to “no” and the constant borehole inlet
temperature must be entered in field 6.6. This type of thermal response test ignores the “heat
extraction step” (field 6.5).
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3.10 The sheet “Water” (Groundwater influence)

The sheet “water” is only available in the Pro Version of the program and it allows the
consideration of groundwater influence in the earth such as the seasonal fluctuation at the surface.
The sheet “water” is chosen in the dropdown from the menu bar “Windows”.

The program EWS uses a balance method for the consideration of the groundwater influence. For
this the stream cross section under the influence of the borehole is defined. For this the
groundwater flow direction must be defined in the sheet "field of boreholes”. This can be done by
adding two Isohypse-lines (equal height lines) with the groundwater surface. Groundwater usually
flows perpendicularly to its surface isohypse. By pressing the button S27 the field S28 appears, in
which the absolute height of the first isohypse can be added. After the beginning and end point of
the isohypse line can be added (left mouse click), a third click anywhere on the map will confirm
the isohypse line. This process is to be repeated with Button S29 and field S30 for the second
isohypse line. If these two lines are not parallel to each other, the programs calculates the stream
cross section based on the angle bisector line and the stream direction perpendicular to it.
The boreholes are now projected perpendicular onto it and the largest distance is calculated. This
distance plus 4m, multiplied with the depth of the aquiferous layers (field W16-W19) results in the
cross section stream area of the aquiferous layer which is influenced by the borehole. The program
EWS assumes that the groundwater temperature is always equal to the untouched ground
temperature of the correspondent ground layer. On the outer layer of the simulation area (see
chapter 6.1) the energy balance is made and the average ground temperature is calculated based
on the sum of the extracted energy from the boreholes and the net heat inflow of the groundwater
with help of the g functions (see Eq. 6.21). In accordance with this model, the effective thermal
conductivity Aett is used inside of the simulation radius (with groundwater, input in field 3.15, see
chapter 3.6.3), yet A is used for the marginal conditions (without groundwater, input in field 3.16).
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Fig. 3.53: Input of the groundwater surface height with isohypse lines on the sheet
"field of boreholes”

Caution: the groundwater influence is not applicable if neighboring boreholes have been defined
(see chapter 3.3.6)
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Fig. 3.54: Sheet “water” for the consideration of g roundwater influence and
seasonal fluctuation.

w1l Groundwater Influence is only considered if field W1 is set to “yes"

W2-W7  The hydraulic conductibility kf (permeability parameter) is a property of the aquiferous
layer. The pulldown menus W5-W?7 suggest typical values, yet calculations are always
made with values of W2-W4.

W16-W19 The aquiferous layers are v Lotgor | verndodangen % % %
dEfII’]Ed by depth under coeff. depermeabil:ék cor;i;clivitét;:;mquex r
ground level in fields W16- ma e e £ e 5%
W19 Moréne 16 16 oI K \ﬁ\l I \ \

It is assumed that the ground | mer | w0 | 20 | 10 L GW-Layer
. . . T‘hk]*/ avs 1
Flntll. the first aquiferous layer | = T T d ===\\2. GW.-Layer

is without water. The example |- 1 ||| Ry

. ine grained s 22 18 3 GW—LayeI’
on the right represents the Sand y ™
situation described in Fig. Feinsandstein 25 | 25 /
3.54. v \/

W23-W25 The seasonal fluctuations of the earth surface can optionally be added. This makes
sense especially in the case of strong groundwater flows or not very deep boreholes or
energy poles. In this case the ground temperature is corrected according to following
equation, depending on the depth z:

_ T 2 T
T = T,-AT, @x;{ z ”a—[ﬂa Eobo{tt z Ua—[ﬂa eq. 3.3

W26-29  If the heat flow of a building over energy poles should be calculated, according to eq.
6.21, the fields W26-W29 are to be filled.
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3.11 The sheet “solar collector” (solar regeneratio n)

The sheet “solar collector” is only available in the Pro Version. It allows the calculation of solar
borehole regeneration, according to the schematic in Fig. 3.55.

Kollektoren

/ E solarer

Warme-

tauscher

WT
Sondekreislauf /
. Kollektorkreislauf
Sondenriicklauf

=
i T3 %%'m = A
i

Fig. 3.55: Schematic of the solar regeneration.
The solar yield of the collectors is newly calculated in hourly steps, under consideration of the heat
pump operation and the borehole temperatures.

For the choice of the weather data (solar radiation and air temperature), collector slope, azimuth
and horizon shadowing the Standard-Format of the Meteorological Norm [17] can be imported with
the button K12. In this case the Standard-Format data of the Meteorological Norm is imported and
the fields K8 and K9 disappear from the sheet “collectors”. The weather only influences the solar
yield but not the load profile of the heat pump.

Acirut Neigung

Horizontdatei

‘
=
I fiir )

46,1680 =
(T 1 996-2005

1981-2000

Standort Format Auswertung

Fig. 3.56: Input of weather data, Azimuth (east=- 90, south= 0°, west= 90°), slope and horizon in
the program METEONORM [17]

If no meteorological data is imported, the default is the DRY-Database for Zirich SMA. Azimuth
and slope of the collectors must then be imported to fields K8 and K9.
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Fig. 3.57: Sheet “solar collectors” for the calcula tion of solar regeneration.

Pulldown-Menu for the choice of a limited amount of solar collectors. Not obligatory
input, since calculations are always based on characteristic collector values.

To enable solar regeneration, K2 must be set to ,Yes".

If K3 is set to , Yes", the solar yield has a 10% loss, which accounts for thermal losses
in the collector pipes and a real regulation.

If K4 is set to ,Yes" (unglazed collectors), the collector constants in fields K14-K16 are
to be filled out, with glazed collectors this is the case for fields K17-K19.

K5 is the input field for the net absorber area, not the gross collector area

The wind speed is only considered in the case of unglazed collectors. The wind speed
is not taken from the weather dataset, but as a constant from field K11 for the entire
year.

For the solar yield it is substantial, if the heat pump runs during the day or the night. In
the standard load profile (Offset = Oh) the heat pump runs until midnight for domestic
warm water and after midnight for the heating demand, as long as it needs to reach the
total daily heat demand. With the offset, the running time of heat pump can be
transferred into daytime. E.g. with an offset of 10h the heat pump runs until 10 a.m. for
the domestic warm water heating and after 10 a.m. it runs for the heating demand. The
offset can be defined in the main menu under ,Offset weather data“.

The calculation of the direct use share for the solar domestic water pre-heating is
merely an approximation. The heat demand for domestic warm water use which must
be generated by the heat pump (field 10.3 on the sheet ,Load") must be reduced by the
amount in field K27.
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3.12 The sheet “Pressure”

To open the sheet “Pressure”, open the pull-down menu “Windows” from the menu bar and select
the sheet “Pressure” or open the pull-down menu “Input” from the menu bar and select “Pressure
drop” (see Fig. 3.59). This option is only available in the complete version of the program EWS.

il

'E Diese Option steht nur in der EWS-Yollversion zur Yerflgung
L

Fig. 3.58: Error message, if no full version of the EWS Program is available.

In the sheet “Pressure” it is possible to calculate the pressure drop in the borehole. Additionally the
flow regime is calculated (laminar or a turbulent flow regime in the pipes). A more detailed
description of the used model is given in reference [11].

¥ Eingabedaten Ews

Fie | Input Import Edition Windows Info
Boreholes
Fluid
Earth Fluidzl Eanh3 | Exlractin4| Info 5|Simu|a@mlparame@r DTUEK8|
Simulation
Extraction drop 8.1 Calculate
Parameter _
—  Info ure drop to be caloulated? 8.2 | & ves © No
Yentlation schedule
_ Direct coooling | pressure drop in evaporator [Pa] 8.3 |[1ooon
i | mass flowin evaparatar [ko/s] 8.4 [sa0m0 339429 [m3/h]
— = | pressure drop in manifold [Pa] 85 5000
Field of boreholes | mass flow in manifold [ko/s] 8.6 [79.000 339.429 [m3fh]
—  Single boreholz in a field
| pressure drop in counter [Pa] 8.7 I°
nominal mass flow in counter [kg/s] 8.8 |[19.000 339429 [m3/h]
nominal pressure drop invakve [Pa] 89 0
nominal mass flow in valve [kg/s] 8.10 (99000 339428 [m3/h]
length of inlet pipe [m] 8.11 [z
number of inlet pipes 8.12 |1
inner diameter of inlet pipes [m] 8.13 |[n.0367
nurnber of bows 814 3
number of immersion sleeves 8.15 |2
Pressure drop 8.16 (w7 Pa
Cl
oes turbulent flow regime 8.17 laminar
Programm EWWS, Lizenz fiir Probeversion @ Huber Enetgistechnik AG, Ziirich

Fig. 3.59: The sheet “Pressure”.

8.1 After each change of the input data, the button “Calculate” must be clicked to calculate the
new results.

8.2 Iffield 8.2 is set to “yes”, the pressure drop in the borehole pipes (without the supply pipes) is
calculated for each time step and written into the result file (one per hour). Hence, the
pressure drop in the result file represents only the pipe itself, without the supply pipe and
without the pressure drop in the evaporator, etc.

Bed_EWS51_Eng.doc 50 Huber Energietechnik AG



Program EWS, Ver. 5.1 @ Huber Energietechnik AG

8.3-8.10 The input of the nominal pressure drop of single components at nominal mass flow rates.

8.11

8.12

8.13

The nominal mass flow rate can vary for each component. The conversion to the effective
pressure drop is done with the parable approach.

The length of the supply pipe (normally from the head to the manifold of the pipe). The
program EWS calculates the total pressure drop from the pressure drop of the borehole plus
the sum of the single components from the borehole loop plus 2 times the pressure drop
from the supply pipe (from and to the borehole).

The number of parallel inlet pipes for the pressure drop calculation (from the head of the pipe
to the manifold). E.g. if the pipes of a double-U-pipe go separately towards the manifold, the
input in field 8.12 should be 2, but if the pipes are united at the head of the pipe, the correct
input is 1. It is the same behavior if two boreholes are entering the house by a manifold. If the
pipes of two double-U-pipes are going separately to the manifold, the correct input in the field
8.12 is 4. If the pipes are united at each head of the two double-U-pipes, a 2 should be
entered. If the manifold is very close to the two double-U-pipes and there is a long supply
pipe to the house, the input is 1.

The inner diameter of the supply pipes (normally from the head of the pipe to the manifold).
The inner diameter of the inlet pipe DN 40 usually is 0.032 m (for DN 50 it is 0.037 m).

8.14-8.15 The number of immersion sleeves and bows in the borehole loop (enter the number of

8.16

8.17

the total loop, add the bows in the inlet AND outlet pipe). The pressure drop is calculated
with:

Ap = Z%v2 eq. 3.4

in which { = 2 is entered for each bow and { = 1 for each immersion sleeve.

The pressure drop for the whole borehole loop. Please note that after each change of any
input data, the button “Calculate” must be pressed to adjust the result.

The pressure drop Ap of the flow in the borehole and in the inlet pipe is calculated with:

2H p
Ap = £&— Fsde V2
p=¢ D T eq. 3.5
In the laminar case (Re < 2'300), ¢ is calculated with:
64
=— eg. 3.6
¢ Re q
In the turbulent case (Re > 2'300) the approach by Petukhov is used:
& =[0.790In(Re) -1.64] 2 eq. 3.7

All other pressure drops are converted from the nominal mass flow to the effective borehole
mass flow using the parabolic approach.

Information about the flow regime in the borehole (laminar or turbulent). The transition from
laminar to turbulent flow occurs at a Reynold’s number of 2’300.
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3.13 The sheet “Parameter”

Select the sheet “Parameter” from the pull-down menu “Windows” in the menu (see Fig. 3.60). The
simulation grid, the simulation time steps and the stop criterion for the iteration can be defined in
the sheet “Parameter”.

Additionally the option to write the results in the output file can be chosen.

Normally, the user has no need to fill in the sheet “Parameter”, since it can be calculated with the
default values for most cases.

# Eingabedaten EWS

File Ioput Import Ediion | Windows Info
System
Graph
forsho  HeAtFUMD Ly | Buroction| Sinio | Gmulation Pafemster |
s . ResLits
Sim g-fLinction Axial partition: see page 'Earth’
Caleulation Sir g 7.1 |250
72 5 between 4and 12
Cpen 7.3 [eom
Seve Simulation time steps
Barehole time step [min] 7.4 ] has to carrespond with input file
Results Fluid time step ('security 11 75 40 recommended: 4

Earth time step ('security 2) 7.6 2.0 recommended: 2
Time step of outer boundary conditions [weeks] 7.7 1 recommended: 1

Stop criterion for the iteration
accuracy of iteration ['C] 7.8 |noiooo

Number of lines in the output file: [FIF TSR B
Write results in outautfile? 79 | " Yes @ No ‘ ‘ " Yes  No |
MNumber of simulation steps per outputvalue 7.10 1 730
Monitar paint in axial direction 7.11 1
Monitar paoint in radial direction 7.12 1
Write all simulation years in output file? 7 13 " Yes & Mo
White starting conditions on file? © Yes & No

Close 9 7.14
Recalculate Rhbin each timestep? 715 " Yes & Mo
Programm EWYS, Lizenz fiir Probeversion @ Huber Energietechnik AG, Ziirich

Fig. 3.60: The sheet “Parameter”.

In field 7.15 is defined whether the thermal borehole resistance Ry is recalculated for each
calculation step. The borehole resistance Ry, (thermal resistance between borehole and fluid) is
basically a parameter which is influenced by geometrical factors of the borehole, by the properties
of the filling material and by the pipes. Additionally, it includes the heat transfer coefficient a (from
the piping wall to the fluid) which depends on the mass flow rate in the pipes. Since the program
EWS offers the option to simulate a variable mass flow rate, the user gets two options: Either the
heat transfer coefficient a (and thereby the thermal borehole resistance Ry) is recalculated for each
calculation step or Ry is kept constant for the whole simulation. If the field 7.15 is left on the default
setting (“no”), Ry is calculated at the beginning of the simulation on the basis of the design mass
flow rate (field 2.7). This choice has an influence on the computation speed.
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3.14 Properties of the heat pump and of the suppleme  ntary heating system

The complete version of the program EWS is able to include additional information about the heat
pump as well as about the additional heating system. Select the sheet “Heat pump” from the pull-
down menu “Windows” in the menu bar (see Fig. 3.61). In the following, the sheet “heat pump”
appears (see Fig. 3.62). The sheet “Heat Pump” cannot be combined with the sheet “Load”.

Fle Input Import Ediion | Windows Info
- System
Graph
SR Heat Pump h
Results

Extraction Info Sim

g-function
Calculation simulation
js  Parameter
pressure

calculated?
in evaporatar [Pa]

nominal mass flow in evaporator [kafs]

Fig. 3.61: The opening of thé sheét.“hété{ﬂpﬂump”.
)"E' Warmepumpe — |EI ﬁl

Heat pumpe properties and supplementary heating system:

Calculate heat extraction rate with heat pump properties?

9.1 ves & Mo Heating power of heat pump at 1°C |1 5 Qg5 kW

|2_50 Minimal borehole inlettemperature = I_m_g 96 C
9.3 COP&tIT= |3_gg COPat10C = Iq_gg 9.7 (optional input)
|3.50

9.4 COF&tbC= COFat1587C = |4.50 9.8 loptional input)

0.2 COP &at-5C=

Borehole circulation pump:

El. power consumption of borehale pump = |5g w99

Bivalent heating system?

0.10|  Yes & No Fower of supplementary heating system: Ig_g k' 9.11

9.12 Calculation | 9.13 Graph | 9.14

Fig. 3.62: The input mask of the heat pump propert ies and the additional heating system.

9.1 The inputs from this mask are used for the calculation, if the question “Calculate heat
extraction rate with heat pump properties?” is answered with “yes”. In a first step, the
program checks the consistency of the input data in field 9.5 (heating power of the heat
pump), in field 9.3 (COP at 0°C borehole outlet temperature) and in field 4.4 (evaporator
power, extraction rate). In the case of inconsistent input data, the program EWS asks if the
input in field 4.4 should be adjusted. If then the field 4.4 is not adjusted, field 9.5 is ignored
for all further calculations.

The extraction rate Qoutet (field 4.4) is taken as the evaporator performance at 0°C borehole
outlet temperature if “yes” is selected in field 9.1. In each calculation step the effective
evaporator performance is adapted to the effective COP. Thereby, the program EWS
assumes a constant heating power (corresponding to the input in field 9.5).

9.2-9.4, 9.7-9.8 In these fields the COP of the various fluid temperatures are entered. The inputs in
field 9.7 and 9.8 are optional. If these values are not known, these fields can be set to zero
and the program calculates them by linear extrapolation.

9.9 The electric power consumption of the borehole pump ought to be entered in this field.

9.10/9.11 In case of a bivalent heating system, the power of the supplementary heating system can
be entered in the field 9.11. The field 9.10 must be set to “yes” (applied only in the case of a
complete “system simulation”).
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3.15 Direct cooling

The complete version of the program EWS offers the option to enter data about direct cooling.
Select the sheet “System” from the pull-down menu “Windows” in the menu bar (see Fig. 3.63). In
the following the sheet “Systemdefinition” appears (see Fig. 3.64).

15.

16.
17.

18.

/¥ Eingabedaten EWS

Fle Input Import Edfion | Windows Info
Im

Graph

Boreha  HeatFump arth | Extraction I Info I Sirulation
Input Resuits

Bor d-function n
Calculation Simulation
I— Farameter =

pressure

Cpen
B — Typ " coaxal & U-pipe

Fig. 3.63: Selection of the input mask “System” of d irect cooling.

,“"Svstemdeﬁnition B il
Eta Heat Recovery: 18
DT Supply Arventlatar | 16 [pat exchanger 3: A% k= {300 WK
Settemp. supply air: ErRe Counter flow = {050 (0.1)
Ta Heating limit [10.0 C

Cooling limit: [160 C

Purnp 2 [144 kafh

Condensation limit 1ap  C Tzul
21 Chiller oo kW @
i flowe (i

regular) |24 m3/h

& WWithout power limit
® Do g e il Aitflow (cooling condition) [360 m3/h

Antifreeze; | & on C o
 Max heating and coaling load
Heat exchanger 1 Heat exchanger 2
axk= 50 WK Atk= WS
17 ¥ Counterfiow= [i50 (0..1) Counter flowe = {050 (0..1)
R — kg/h 19
pd [144 a/
20 \ Inlet Termp —
TR(Ta=20C) [z C Purmp 1

Purmp 3
TR0C [ G 144 kg/h 144 kg /h

m 1
22 Calculate system? Mass flow rate (total)
288 ka/h
C Yes & No
heteo data
Venfilation schedul
Calolots Programm EWS: Copyright Huber Energietechnik Ak Ziirich
 EEEEr—— Lizenz von Proheversion
Results 23
Close

Fig. 3.64: The input mask “Systemdefinition” for di rect cooling systems (without HP).

The following data must be entered in field 15 (top down): The degree of the efficiency of the
heat recovery system, the temperature rise in the supply air ventilator, the desired
temperature of the supply air, the condensation limit (minimum supply temperature) and the
installed cooling power of an additional chiller (not shown).

The regular air flow and the air flow in cooling condition are entered here.

Field 17 requires the characteristics of the various heat exchangers in the system (3 units).
Additionally, there are 4 pumps available for which the mass flow rate can be entered.

The input in field 18 defines the heating and cooling limits. If the outdoor temperature is
higher than the cooling limit, the system is in cooling mode, if the outdoor temperature is
lower than the heating limit, the system is in heating mode.
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19.

20.

21.

22.

23.

24.

The program offers the option to protect the heat exchanger to the borehole loop against
freezing by controlling the flow rate in the intermediate loop between the air heat exchanger
and the borehole heat exchanger. To activate this, put the “Antifreeze” option button field 19
to “on”.

The return temperature of the cooling system in the building, in function of the outdoor air
temperature can be defined in field 20. Set the value for the return temperature, if the
outdoor air temperature is 20°C and if it is 30°C. In between, the system interpolates linearly.
Below 20°C outdoor air temperature and above 30°C outdoor air temperature a constant
return temperature of the cooling system is assumed.

In field 21 it is defined whether it is calculated without a limit of the direct cooling rate, or with
the maximal cooling rate from the input file or if the maximal heating and cooling load should
be calculated with data from the sheet “Extraction”. This option should always be checked
when calculating variants.

If “yes” is selected in field 22, all calculations are done with the data from this input mask. If
“no” is selected, the inputs of this sheet are ignored and the calculations are based on the
inputs of the page “Extraction”.

Click on the button “Ventilation schedule” to define a ventilation schedule.

/# Eingabedaten EWS

File Input Import Edidon  wWindows Info
/* systemdefinition
Eral /¥ Lftungsfahrplan im Programm EWS o] x|
DT ¢ . .
_ = Ventilation schedule " No Scheclule
C Felative air flow rate 9 iR e \npul f.\\e
. 1.0 = nominal air flow rate)  Schedule fram this window Heating limit: Iﬁ
=| il Schedule 1 Schedule 2 Schedule number Cooling limit: Iﬁ
= [z 0 -6AM 1.00 Monday Schedule 1 v | —kg /h
~ B-7AM 1.00 1.00 Tuesday [schedue1  w
— | T-12AM 1.00 1.00 Wednesday [Schoduie 1 <] E
0-1PM 1.00 1.00 Thursday  |Schedule 1 z gt Wik
1-2PM 1.00 .00 Friday Schedulz 1 [FIE—
2-4PM 1.00 1.00 Saturday  [Schodula1 |
4-6PM 1.00 1.00 Sunday Schedule 1 v
6-8PM 1.00 1.00
8-10 PM 1.00 1.00
10-12 PM 1.00 1.00 Flose
MNorminal airwolume for heating conditions: 240 m3jh
MNominal airvolume far cooling conditions 360 m3/h
Ce (input in window direct cooling)
rPVnr\ & hlA I TTTT TTTT TTTT

Fig. 3.65: The input mask “Ventilation schedule”.

The program EWS is able to generate a ventilation schedule. It exists also the possibility to
define an hourly ventilation schedule for the whole year in the input file.
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4 Examples

4.1 Selecting and loading the examples

In the Pro-Version of the program EWS there is a collection of calculation examples which can be
selected directly into the program. The examples can serve as base for own calculations. These
examples are described in Chapter 4.2. These can be seen and calculated with, by selecting
“example” in the main menu bar.

File Input Import Results Windows Info | eample | Maps Offsetweather data

example 1 |

Borsholes | Fud | E R b | Kelektoren
Create new load profile w eample 3
o (&)
e e’ the daafom the iy xample 4 L Ho
et Load profile taken out of example 5 ?
anltan it o is chosen, the daily ©Yes G Mo
example 6
Open Daily running time ormon ~ exsmple 7 v for cooling)
January ® exemple 3 Ly o A
Save Rl I eemple 9 ugust T ha
Maich example 10 Seplemb hid]
—— arc E— eptember e

4.2 Examples in the Program EWS
Following examples are available in the Pro-Version of the EWS program:

Example 1: Single house with monovalent heating heat pump
* Amount of boreholes: 1
+ Borehole length: 185m e
* Borehole type: 40 mm duplex Wﬁi—; )
» Heat output heat pump: 12 kW D :
+ Heating demand: 18'213 kWh P & |8
* COP heating: 4.5 k l “Tassokwnia Z‘
* Heat demand domestic water: 4’580 kWh / 1] 4
« COP domestic water: 2.7 /
Example 2: Bivalent heat pump with 1 borehole
|m e ]
«  Amount of boreholes: 1 C%&EEZZ{ I
« Borehole length: 210 m M
* Borehole type: 40 mm duplex DI
* Heating perf. heat pump: 12 kW > @ A 2
+ Heating demand: 18'213 kWh ﬁ%ﬁ :—;'.-', :
* COP heating: 4.5 \ e o W g
+ Heat demand domestic water: 4’580 kWh / -~ = 7
» COP domestic water: 2.7
* Minimal borehole inlet temp.:  2°C /
» Additional heating: Gas heater [=ER
Example 3: Borehole-yield for multiple-households (10 boreh.)
+  Amount of boreholes: 10 o or Lo 23
» Borehole length: 210 m ol L ° Wﬁ
* Borehole type: 40 mm duplex — OO )
* Heat output heat pump: 120 kwW s
+ Heating demand: 182'130 kWh s e
« COP heating: 4.5 & : % i
» Heat demand domestic water: 45’800 kWh B
« COP domestic water: 2.7

Bed_EWS51_Eng.doc

56

Huber Energietechnik AG




Program EWS, Ver. 5.1 @ Huber Energietechnik AG

Borehole type:
Heat output heat pump:

40 mm duplex
30 kW

Example 4:
* Amount of boreholes: 13 o = o5t 55
+ Borehole length: 140 m RED RSN (>~ i
» Borehole type: 40 mm duplex ——— 00D %
Heat output heat pump: 95 kW g
Heating demand: 110°000 kWh s -
COP heating: 4.0 s
Heat demand domestic water: 20’000 kWh
COP domestic water: 25
Cooling energy demand 120'000 kWh
Max. freecooling - inlet: 19 °C
Example 5
Amount of boreholes: 13 0= a5k 65K
Borehole length: 140 m P25 y
Borehole type: 40 mm duplex §§ =
Heat output heat pump: 95 kW g N_@@@ £
Heating demand: 110'000 kWh 5 ‘:M 5 g
COP heating: 4.0 )
Heat demand domestic water: 20’000 kWh
COP domestic water: 25
Cooling chiller: 85 kW
Cooling energy demand 120'000 kWh
EER (=COPc) cooling: 4.5
Max. borehole inlet: 40 °C
Example 6: Solar borehole regeneration
Amount of boreholes: 4
Borehole length: 180 m

Heating demand: 42’000 kWh

COP heating: 5.5 Gh =30 KW

Heat demand domestic water: 33’000 kWh Quw=33'000kWh

COP domestic water: 4.0

max. borehole —inlet :35 °C

Area unglased collectors: 80 m?

Weather Dataset: Zirich SMA

Offset weather: 7h
Example 7: Anergy network with solar seasonal storage

Wasseriohne f / without antii / sans antige! o

« Amount of boreholes: 21 ;: < O s 5ans " a T C-D'bu"d'"gj ;D
* Borehole length: 180 m éé wmz . 1000 Lter :
* Borehole type: 40 mm duplex = unglazed / ' AN —— Mm
. . = Max_ 35°C

:eat output per heat pump. 21 kW S ] o
. mount Heat pumps total: 2 Sopn=s |

Heating demand all homes: 168’000 kWh S 1

COP heating: 6.0 g [

Heat demand domestic water: 134400 kWh DT

COP domestic water: 6.0 =K

max. borehole-inlet: 35°C ’%’——0@2 J t

Area unglased collectors: 400 m2 Sopn=s.

Weather Dataset: Zlrich SMA — . >

Haus B / building B / maison B
Offset weather: 7h
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Example 8:

Heating and active cooling with GW influence

* Amount of boreholes:

» Borehole length:

* Borehole type:

* Heat output heat pump:

* Heating demand:

e COP heating:

* Heat demand domestic water:
» COP domestic water:

» Coooling capacity chiller:

* Cooling energy demand

* EER (=COPc) Cooling:

* Depth groundwater (GW):

» Material GW-Layer:

e hydr. conductivity GW-Layer:
* Pressure gradient GW:

» Eff. thermal conductivity Gravel

12

120 m

40 mm duplex
95 kW
110000 kWh
4.0

20’000 kWh
25

85 kW
120'000 kWh
4.5

8m

Gravel

0.05 m/s
0.019 m/m

(with GW influence, from TRT): 2.8 W/mK

» Thermal conductivity Gravel

Q=85 KW
Q. = 120'000 kWh/a

Q, =95 KW /65 kW

COP, =4.0
COP,,, =25

L T

BOOD

EER=45

Q. =85 kW

(COP,=45)

95 kKW

20'000 kWhia

©
B
8%
T o
B
w2
8=
"o
<¥si

hydr. Leitfahighe t k | War
hy vk

K [rmvs])

Morane

Kies

toniger Silt

feinkomiger
Sand

Fein-

Max=40°C

Isohypsen
i=0.019 mim

om

» Eff. therm. conduct. gravel (w. GW):

2.8 W/imK

feinkormiger
Sand

(w.0. GW influence): 1.8 W/mK i

Example 9: 36 Energy pole (cement pales) in groundwater
e Amount energy poles: 36 Pcs.
« Amount poles in series: 6 Pcs. an = 0w ¥
+ Length energy poles: 20 m & -5
+  Pole type: Cement, 50cm e
+ ,Borehole resistance” Rb: 0.15 Km/W 2 s .
» Heat output Heat pump: 40 kw O = g gé
* Heating demand: 50’000 kWh R AL < E “
« COP Heating full load: 4.5 36 concretzmleas;ﬁ cm x 20m
» COP Heating average: 5.0 T
+ Heat demand domestic water: 30’000 kWh Roos KM R _
» COP domestic water: 35 e Letabiokel | Warmedtag 5m ' m\
« Depth groundwater (GW): 8m K (01| P [ D ; 1171 \
+ Material GW-Layer: Gravel 1o |1e Jam H IS S T T ¢
 hydr. conductivity GW-Layer:  0.05 m/s ke |sga|2s |1s | om :ﬁ A P R R O
» Pressure gradient des GW: 0.019 m/m wnigersit | 528 |16 |16 | 2m ::g m\

==% s N 8 [ [

* Therm. conductivity gravel (w.0. GW): 1.8 W/mK

Feinsandstejn
0sM

=

,.

Example 10:

Borehole Regeneration with Air-heat-exchanger

e Amount of boreholes:

* Borehole length:

* Borehole type:

* Borehole distance:

* Heat output heat pump

* Heating demand:

e COP Heating:

* Heat demand domestic water:
* COP domestic water:

» Air-heat-exchanger:

* Weather data set:

» Offset weather data:

* Radius borehole r1:

* Shank spacing Bu:

* Outer radius borehole pipe rs:
* Heat conduct. borehole filling:

4
180m

40mm Duplex

9m

30 kW

42’000 kWh

5.5

33’000 kWh

4.0

40 kW (ENV 1048)
Zlrich SMA

7h

67.5mm

87mm

40mm

2 W/mK

Ziirich SMA
\C:’C/

& 20kgls

40 kW
(DT =15K/ ENV 1048)

15 | kWK
70%

70% | counter flow
70% | contre-courant

4 x 180 m, 40mm-Duplex

80°C

am:

=

Qh =30 KW / 42'000 kWh
Qww = 33'000 kWh

20m
A= 1.6 Wiml

160 m
A=25WimK

COPh=5.5
COPww =4.0

K

Projekt laden

am

om

Beenden

‘ 50a (50 Jahre / 50 years / 50 ans /50 anni/ 50 afios )
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5 Calculations

5.1 Diagram of the inlet and outlet temperature of  the borehole fluid

/* Eingabedaten EWS

File Ir t Edfion wWindows Info
32
Input ,‘-":" Programm EWS - Berechnung -0 il
Calculation Temp.['C] December In\et_‘l’emp.
Calculation | - | | | 15 Fluid termp. Thdin =-106"C]
Thax =-0.8°C
o Year=3
tdarch 12 =+
EEE April
My a7
Save June
July 8 T
August ]
Results | e 3
October 0 i
MNovember
December -3 |
=
Fluid terp. R
33 Inlet Temp. 5 1
Coaling system
Airtermnp 172+
Copy Days
Print -15 T T ' T y T y T y !
Close 0 3 B 9 12 16 19 22 25 28 3
[ Probesversion mit Prog EWS Huber Energietechnik, Ziirich

Fig. 5.1: Diagram of the inlet and outlet temperatu  re of the fluid in December.

32. If all fields are completed correctly, the simulation is executed and illustrated by clicking on

the button “Calculation”.

The red line (outlet temperature) and the blue line (inlet temperature) in the diagram give the
fluid temperature of the corresponding month. The two extreme values given in the right,
upper corner represent the minimal and the maximal temperature (Tmin and Tmax) during the
entire simulation period.

The results for each month can be viewed, printed or copied (e.g. into a Word file) by clicking
on the required month.

33.

5.2 The diagram of the heat extraction rate

/* Eingabedaten EWS

File Input Import Ediion  Windows Infio

Input ,-‘3"7" Programm EWS - Berechnung _ ||:| il
Calculation Extraction [kv] Inlet Temp.
Januany 5 - 2dh January Thiin =-10.6"C|
February SUEELE Thlax =-0.8°C
T ek Year =3
March 4 =+
o= April
Iy 3 T 35
Save Jure
July 2 T
Results | UGSt 1 1
October 1
MNowvember
December -1 T
34 Sk
Fluid temp. K T
Inlet Temp. 3 1
Cooling system > Energy injected = 0 [lkiwh
Airlgen:"p R 36 Energz eitracted = 3[‘?2 [k]Wh]
Copy Days
Print -5 t t t t t t t t t 1
Close 0 3 B 9 12 16 14 22 25 28 31
LFrobeversion mit Prog Evw'S @ Huber Energietechnik, Ziirich

Fig. 5.2: The diagram of the heat extraction rate.
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34. The heat extraction rate of the boreholes during each month can be viewed by clicking the
button “Extrac. rate”. If the sign of the heat extraction rate is positive, the heat energy is
extracted from the boreholes. A negative sign means that heat is injected in the borehole.

35. The averaged heat extraction rate over one day is shown by clicking on the button “24h
average”.

36. The cooling and the heating energies of the selected month are shown in the diagram
“Extrac. rate”. All input parameters can be saved and opened for a new session by clicking
on the button “Open project”.

5.3 Temperature course over entire simulation perio  d

Instead of monthly visualizations also the entire final year of the simulation period or the entire
simulation period can be displayed. For this the option “Results” in the main menu bar must be
clicked and then “graph of complete simulation” (Or double click the monthly visualization).

#3 Eingabedaten EWS
File Input Import Results Windows Info example
Results

|
By graph of complete simulation ‘ ] Info

| Create new load profile with the following values?
nput [if *hio” the data from the: input file will be taken)

heating energy without tap water 1800 [kwh]  COP atl

Calculation ‘
The course over the entire simulation period appears. Depending on the choice, one can visualize
the monthly maximum temperature (red), minimum temperature (blue) or the average temperature
(green) of the borehole inlet temperature (TSink = Borehole inlet temp.), such as the sole
temperature  TBrine (pink, average temperature of borehole inlet and outlet,
TBrine=(TSink+TSource)/2).

/ 2| _|Ox|

Min/Max TSink [ Min/Mex TSink 1e=193.3 [2]

=
o
=
I
£
=

TSink

Min. TSink 8

e TSink 3 ‘qnh

Mean TSink 7‘.

TBiine ? o

Mean TErine ? _ﬂ

HERRRRE

TSink / TSource:

MingMaoc TSink N

Copy

Schligssen L L

il

1] 5 10 15 20 25 30 35 40 45 50

Arthur Huber mit Prag EWS @ Huber Energietechnik AG, Ziirich vears [a]
Fig. 5.3: Graphical visualization of the sole tempe  rature over the entire
simulation period. In this example the monthly maxi mum (red), average
(green) and minimum (blue) of the borehole inletar e represented.
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5.4 Visualization of yearly course (last simulation year)

Min/Max TSink ra TSink{blue) / TSource(red) while running ts=142.1 [a] Min/Max T Sink ra Dayly Minimurn(blue) and Maximum(pink) of TSink ts = 142.1 [a]
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Fig. 5.4: Graphical visualization of the sole tempe  rature over the entire last year of the simulation period.
Left: effective course of the borehole temperatures (Without still stand time); Right: Daily extrema.

5.5 The sheet “Results”

Instead of viewing the results in a diagram, the results can be shown in a table, too. The sheet
“Results” is opened by selecting it from the pull-down field “Windows” in the menu bar. Here there
is an overview of several results from calculations, such as the coverage of Freecooling.

Case description: ATyl
Projekt Erdwaermesaonden Madify
Programm EWS, Ver 3 9 mit DefaultvWerten Calculate

: Close
Input data: Results:
Heat conductivity of the earth = 24 W/ mk Energy injected in earth = il kiwh
Murnber of boreholes = 1 Energy extracted out of earth = 2415 Kiwh
Borehole depth = 200 m Cooling demand of TABS = kiwh
Borehole distance = rn Coaling dermand of building = [ kwh
Quter pipe diameter= 32 mm Coverage ofthe cooling demand by the boreholes = %
Heat extraction rate in heating condition = 1.0 (373 in. inlet temperature to the borehale = 106 C
Heatinjection rate in cooling condition = 1.0 ki hax. inlettermnperature to the borehole = 08 C
Mumber of days of peak load in Februan: = 4 Tage Max. cooling rate of bareholes = 0.0 ki
Heat extraction rate in peak load = 1.0 ki bax. heating rate of boreholes = 1.0 (3%
Mex. needed cooling rate = 0.0 ki kedium borehole load in July and August = 0.0 Wim
Mex. needed heating rate = 0.0 ki MNurber of hours above cooling termperaturs limit = 0 h
DT Supply Air'ventilator = 0.0 °C Cooling energy produced by chiller = 0 kiwh
Eta heat recovery system of the supply air= 0.00 Energy gain of heat recovery system = 0 Kiwvh
El power consumption of borehole purmp = W Total heat demand = [z416  Kivh
Power of supplementary heating system = (3% Mot coverd by heat pump = 0 kivh
COP of heat pump at-5°C = - covered by supplementany heoting = kitvh
COP of heat pump at 0°C = Electrical power consumption of heat pump = 0 kivh
COF of heat pump at5°C = Electrical power consumption of circulation pump = ik
COP of heat pump at 10°C = Average COP of heat pump = oo
COP of heat pump at 15°C = Seasonal performance factor of heat pump = oo
Annual running time of heat pump = 2416 h Pressure drop in horehole = ETEI— Pa

Fig. 5.1: The sheet “Results”.

The following points must be taken into account:

e The indicated pressure loss for the designed mass flow rate considers only the borehole
heat exchanger (without the pressure loss in the supply pipe and in the vaporizer). The
pressure loss of the whole borehole heat exchanger loop and information about laminar or
turbulent flow in the borehole can be found in the sheet “Pressure” (chapter 3.12).
Additionally, the result file shows hourly pressure loss values.

» The total heat demand: If the load was defined with the sheet “Extraction” (chapter 3.7) this
field shows the sum of the heat extraction of the borehole during the last year. If the load
was defined with the sheet “Load” (chapter 3.8) the field “total heat demand” indicates the
heat demand of the building.
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6 ANNEX A: Description of the model

Extractions of the models in the EWS Program are given in the following. However, only the parts
are shown which are required for the comprehension of the input parameters. A more complete
model description can be found in [5], [6] and [8].

6.1 Simulation area

The vertical heat conduction close to the borehole (< 3m distance to the borehole) only has a
marginal influence on the ground temperature in this area, when the borehole depth is more than
50 m. Therefore, for this area the calculations neglects the vertical heat conduction. As a
consequence, the heat equation in cylindrical coordinates can be solved one-dimensionally for
each layer. Thus, it is possible to define different layer properties. This allows to calculate the
common case in which the ground consists of various layers with different properties.

The Crank-Nicholson-method is used for the simulation
of the ground temperatures close to the boreholes (1.5
- 3m).

The averaged sole temperature of the corresponding
layer is taken as an inner boundary condition. The sole
is simulated unsteadily with an explicit time step
procedure. Thus, it is possible to calculate the start-up
behavior of the borehole.

The outer boundary condition is calculated with the
dimensionless thermal response factor (g-functions,
see 6.3.3). There is the option to choose between the
methods of Carslaw & Jaeger [1] or the one of Eskilson
[3]. The problem of the inconstant heat extraction rate
and the regeneration of the earth can be solved by the
superposition of an optional number of constant heat

Simulation extraction rates which start at different times.
area

The chosen method allows us to use different time
5 Outer boundary condition with thermal response . steps within the program: The shortest time step is
| used for the unsteady calculation of the fluid, while the
Crank-Nicholson calculation in the simulation area is done with a larger time step. Even a time step
of one week is sufficient for the calculation of the ground with the g-functions outside of the
simulation area. The different time steps are plausible because of the following reasons: The
smallest time step is needed close to the boreholes since temperature disturbances always come
from the boreholes. Farther from the boreholes only averaged heat extractions or inputs are
observed. The use of different time steps allows us to simulate the boreholes with less computing
time (compared to other methods) and without a loss of accuracy.
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6.1.1 The simulation of the time step

Basically, there are two operation modes
for boreholes:

Iteration = 0

1. Cooling of the borehole outlet
temperature with a given heat

Temperature_old = Temperature = extraction (QOutIet, [kW]) of a heat
Temperature Temperature_old
(earth and fluid) (earth and fluid) pu m p

\ 2. Heating or cooling of the borehole
Write the borehole H H
outlet tempertature to a given temperature (Tiner) during
into a file
a process (e.g. use of the borehole

| for the cooling of a building).
Read the borehole
inlet temperature or

the heat extraction The program EWS provides both operation
i modes. The iteration goes towards the
extraction rate if the input parameter “heat
e extraction rate given” is set to “yes” (field
fluid k:"ﬂ 6.2). No intern iteration is done if “no” is
selected in the field 6.2. In this case the

borehole outlet temperature (Touter) IS
calculated for a given borehole inlet
temperature (Tinet). Therefore, the input of

idt = idt + 1 . .
ves Ej the borehole inlet temperature is
Calculation of the necessary. The entered borehole inlet

earth

temperature is only used as a first
approximation for the start of the iteration,
if field 6.2 is set to “yes”.

no

Iteration on
extraction

Iteration =
lteration + 1

TSinkOld = TSink

TSink = TSource —
Qsource/cp soe/m

Abs(TSink -
TSinkold) <
accuracy

no
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6.2 Calculation grid

The calculations are done in an axially symmetric grid.
The ground is divided in the axial direction into equal
segments of the length dl.

borehole
diameter Dy

The grid is variable in the radial direction. The grid is
defined by the grid factor f:

borehole r.

ro,—
length Grid Factor f =12 1 eq. 6.1

earth

filling

The grid can be calculated as given in eq. 6.2 to eq.
6.4 if the simulation area is set to the maximal
calculation radius rm, whereof m represents the
number of calculation points in the radial direction:

Fig. 6.1: The simulation grid of the borehole.

D
ry :?. eg. 6.2
D, _ borehole_ diamet
rl =_b = orenole_di il eq. 6.3
2 2
: 1-f i
for j=2: rj:rj_l+(rm—rl)w fi2 eq. 6.4

TEarth(i,4)

R4

A grid factor of 2 doubles the difference of the radius

TEarth(;,3) between two calculation volumes.

The mass balance point, which is important for the
determination of the thermal resistance, can be
calculated as showed below:

Earth +—R3

TEaith(i,2)

Filling — T R2

TEarth(i,1) EE— rz2 2 2
cl _ (rj +rj—1)

R Def: rz = eq. 6.5

TR ) 2
o— ¢
RO RO T
TEarth(i-1,0) TEarth(i,0) TEarth(i+1,0)
dl
Fig. 6.2 The calculation grid of the borehole.
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6.3 Heat Equation and the thermal response g

6.3.1 Heat Equation

For the following considerations, it is assumed that the dominant heat transport mechanism in the
earth is the heat conductivity. Hence, the convective heat transport by water flows in the earth is
negligible. The problem of the heat conductivity of the earth around a borehole is axially symmetric.
The heat equation in radial direction around a borehole can be written in axial coordinates as:

E E?TEarth - azTEarth +1'E?TEarth eq. 6.6
a ot a* r o
whereby the thermal diffusivity a is defined with
_ A
" CPean Pecrn

The heat equation is linear. Hence, single boreholes as well as borehole fields with geometric
similarity, have similar thermal responses. The similarity is for the temperatures in the earth for all
radiuses r around the boreholes and for all times t.

Def: eq. 6.7

Thus, the heat extraction rate from a borehole causes a temperature drop ATeaw in the earth
around the borehole compared to the unaffected earth (= temperature funnel). This funnel grows
radially with the ongoing extraction. The temperature drop ATeawm can be made dimensionless by
using the specific extraction rate ¢ and the heat conductivity Agath.:

t)= ATean (1) 277 Ay

Def:  gfr,
q

eqg. 6.8

6.3.2 The radial temperature funnel

In the steady case the radial heat flow in the borehole close-up range is constant and the following
equation can be used:

_ 9 OTem Earth =999 eq. 6.9
207 or or 20r

The integration from r to ry results in:
r
g(r)=glr)- |n[r—J eq. 6.10
1

This relation allows us to estimate the temperature behavior of the borehole with a single thermal
response. Additionally, if the thermal response g on the point r; is known, the thermal response ¢
on point r can be concluded on. But please note that the assumption of the steady case can
produce major deviations for small time steps.
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6.3.3 The dimensionless thermal response g

Carslaw & Jaeger [1] solved the heat equation for infinite line sources analytically and found the
following relation for g:

rz "
2 o n(4@n)
g:% —y—In( r J- (1) ~——~ DEEEIn(‘l?zmj—y} eq. 6.11
n=1

41 [& n (! 2

in which y=0.5772.. is the Euler constant.

Werner, A.; Bigler, R.; Niederhauser, A. et. al. [18] got an identical solution using an analogy from
the water well equation. In the program EWS, eq. 6.11 is implemented. This equation can be used
for an outer boundary condition of the simulation area as an alternative to the g-function by
Eskilson.

The approach by Carslaw and Jaeger leads to a continuous growth of the temperature funnel since
for an infinite line source neither the inflow of heat from the top nor from the bottom is possible
(due to symmetrical reasons). No equilibrium condition can be reached with the approach by
Carslaw and Jaeger. The University of Lund developed an approach for boreholes with a finite
borehole length H. This, because shallow boreholes use primarily the heat which is stored in the
earth through the surface.

According to Claesson and Eskilson [2] the boreholes have a time constant ts, with which the
temporal behavior of the ground around the borehole can be made dimensionless:

H2
= .6.12
*~ 0a €q
Thus, the dimensionless Eskilson number Es
t 9a
Es=—=—-t
L H2 eg. 6.13

S

can be treated as a dimensionless time for single boreholes and fields of boreholes. Further
information on this topic can be found e.g. in Loose [21].

Especially for unbalanced, annual heat extraction balances the knowledge of the time constant t is
fundamental. Until the time Es = 0.1 one must consider strong cooling or heating of the earth. After
this only small temperature changes occur. The equilibrium condition between heat extraction and
heat inflow from the surrounding earth is reached after approximately Es = 10.

For a single borehole such as for field of boreholes, the dimensionless thermal response g (= “g-
function”) by Eskilson (1987) is only a function of the dimensionless time Es and the dimensionless
borehole distance rpy/H. This is based on the assumption of a constant, specific heat extraction rate
per borehole length (g ).
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For single boreholes within a range of 5ri?/a < t < ts the g-function can be approached with a
maximal deviation of 7% by

F*
o(t,r) = In(E) +0.5In(Es) eq. 6.14
1

For time periods longer than ts, the single borehole converges to the following equilibrium
condition:

H
g(r) = In(ﬁ) eq. 6.15

As an example, the g-function of two boreholes with a distance B between the boreholes is shown
in Fig. 6.3. As a comparison, the g-function of a single borehole is illustrated with a dashed line.
Other thermal responses for borehole fields can be found in Fig. 6.4.

T T 17T 71 717 71T
2 boreholaes

rb/H = 0.000S

12— -1

B
—
o o
b -
10 B/H
S 1
9 0.05
-
o gl 0.0 _J
3 4
& :
L I R R Bxow
6 == -
Dashed 1ine s single vertical borehole
41 -
| RN NV NN N YU RN T S NN R N |
-5 -4 -3 1 2 3 4

=1 ]
InCt/Eg)d

Fig. 6.3 The dimensionless thermal response g for 2 boreholes with a distance B by [3].

6.3.4 The comparison of the models

In Fig. 6.4 the approach by Carslaw & Jaeger for an infinitively deep borehole is compared to the
approach by Eskilson for a borehole with a depth of 10m, 100m and 500m respectively. There is
almost no deviation observed of the models until the time constant ts is reached.

Dimensionless thermal response g from various references
— 10
o
9 ] o
8
/ i
7 -
6 - paf/
7
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el
|
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L~
3 -
—r--/
2 ,/
]
1
O T T 1
0.001 0.010 0.100 1.000 10.000 100.000 1000.000 10000.000
years [a]
a=0.000001 m2/s, rb=0.06 m Werner Carslaw & Jaeger
- = = -Eskilson, borehole depth = 500m - - - -Eskilson, borehole depth = 100m - - - -Eskilson, borehole depth = 10m

Fig. 6.4 The dimensionless thermal response g by Ca  rslaw & Jaeger [1] and Eskilson [3]
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6.4 The calculation of the g-function with the prin ciple of superposition

Normally, each borehole in a field of boreholes is fed with a fluid of the same borehole inlet
temperature by a manifold. Hence, the load is attached parallel to all boreholes. In this case the g-
function of a borehole field can be approached by the superposition of various single boreholes.
We do not have to think about a deviation for shorter time steps (unsteady effects) since the
program EWS only uses the g-functions as an outer boundary condition which usually is calculated
in time steps of one week. Thus, the accuracy of the steady equation is sufficient to approximate
the influence of the borehole field on a single borehole x. The stationary equation 6.10 can thus be
used to estimate the influence of a borehole x on borehole y with sufficient accuracy. The borehole
distance A,y between the borehole x and the borehole y is used instead of ri:

o.(=ole)f |+ ole) (52 cq. 6.16

1 y=1 r

With a parallel operation of the boreholes, the g-function of the whole borehole field can be
calculated with the average value of all n boreholes:

o)=sie)-r{ ]+ 255 5 a)-{ 2| cq. 6.1

rl n %= y=1 1

6.5 The consideration of neighboring boreholes

In the Pro version of the program EWS there is the new possibility to consider neighboring
boreholes. Hereby the program assumes that neighboring boreholes have the same thermal load
as the boreholes of the present project, such as the same depth. Under these assumptions the g-
function g(r) that considers neighboring boreholes becomes:

g(r)=g(r1)—ln(LJ+ ! DX:NXizN‘,gghbo[yzmzxoy(g(n)—|n(ﬁm eq. 6.18

N n-m x=1 y=1 rn

Where n is the total number of boreholes (project boreholes + neighboring boreholes) and m the
amount of neighboring boreholes (that do not belong to the present project). This means the g-
functions of the single boreholes under consideration of all the boreholes (Project boreholes and
neighboring borehoes) is calculated like a large borehole field according to equations in chapter
6.4 and is then averaged for all boreholes of the present project.

This concept of consideration of neighboring boreholes is indeed quite simplifying. Yet experience
often shows that neighboring boreholes are designed with the same criteria as the present project
boreholes, due to the same norms and legal conditions serving as base for the
design/dimensioning. The time sequence of the borehole projects leads to the fact that older
projects do not anticipate the following projects and the borehole depth tends to be too low.
Considering this, the results of eq. 6.18 lead to optimistic results. This equation is well suited for
regional planning and for the calculation of future legal requirements for the consideration of
neighboring boreholes over the property borders.
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6.6 Geothermal heat flux and temperature gradient

The heat equation, written in form of the Fourier law, looks like the following, for the geothermal
heat flux qgeo from the interior of the earth in stationary conditions:

Qo = A AT, [W/m? eq. 6.19

Where ATgeo is the temperature gradient in the depth and A is the thermal conductivity of the earth
layer. In the outer earth crust in flat terrain and stationary condition the geothermal heat flux in the
depth is approximately constant, but the temperature gradient fluctuates with the thermal
conductivity of the stone layers. A higher thermal conductivity leads to a lower geothermal gradient.
Groundwater flows and topography (mountains, valleys) can lead to qgeo not being constant in the
depth.

6.7 The borehole temperature T pand the fluid temperature Ts

The thermal response AT has to be subtracted from the undisturbed earth temperature at the
beginning Tm to get the temperature in the earth (principle of superposition). The temperature on
the border of the borehole Teamn(r1) (=borehole temperature T,) can be calculated from g and Tn,
with:

q

To(2)=Tn(2)- Ry [0 =T, (Z)‘m
Eart

g(t.r,) eg. 6.20

Tm is the average earth temperature in the depth z under undisturbed conditions. This is calculated
with the averaged, annual surface temperature of the earth Tmo and the temperature gradient
ATGrad-

The specific heat extraction rate q is defined in the program EWS by the total heat extraction from
the boreholes Qg .. MiNUS possible following heat fluxes from groundwater Qg,, or the building
influence Qgy4nq » divided by the borehole depth H and the amount of boreholes n.
q= QSonden - QGW - QBuiIding
ntH

eg. 6.21

The influence of groundwater Q,, is calculated based on eq. 6.42.

The averaged, annual surface temperature is equal to the averaged air temperature plus a mean
surface warming which usually is between 0.8 and 2°C. The temperature gradient ATgrag typically
ranges from 0.025 to 0.045 K/m in Switzerland.

The mean borehole temperature over the borehole depth '?b is defined as
I 1 H
Def T, =ﬁqo T, (2) [diz eq. 6.22

In the case of a constant heat extraction rate per borehole length () it is possible to calculate the
mean borehole temperature over the borehole depth T, with

- = . = q
T, =T, -R =T, -
b m g q mTS ot g(t!rl) eq. 6.23
whereby
Tm = Tmo _ATGrad d eq. 6.24

2
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6.7.1 The fluid temperature T

The mean fluid temperature Ts is defined as the arithmetic mean of the upward and downward
flowing borehole fluid.

Tup (Z) + Tdown (Z)
2

Hence, the fluid temperature T: is a function of the depth z in the borehole. The mean fluid
temperature T, is defined as

Def: T.(2) = eg. 6.25

o= _1
Def: T, =§[qTomlet+T|n|a) eg. 6.26

6.8 Thermal resistances R aund Ry in the double-U-pipe

An idealized double-U-pipe with the borehole radius
r. and 4 borehole pipes (with an inner radius r, and
an outer radius rs) is shown in the picture on the left.
In two borehole pipes the borehole fluid is flowing
downward while in the other pipes the fluid flows
upward. The heat conductivity of the filling is A, the
one of the borehole As and the surrounding earth’s
heat conductivity is Aearth. The exact position of the 4
borehole pipes can be described with the
o eccentricity parameter b.
_ Bu

T 20,

b

eq. 6.27

Fig. 6.5 The nomenclature on the double-U-pipe.

The eccentricity parameter b is defined by the pipe distance Bu (“shank spacing”) (see Fig. 6.5).
The geometrically maximal limit of the eccentricity bmax is:

210r, = 2I[r r
b, =—1 — s=1--=%
Max 2T, r eg. 6.28

The geometrically minimal limit of the eccentricity (for a not centered borehole pipe) is:

|

Byin = eq. 6.29
r1
The conductivity parameter o is defined as a pure substance property by:

AFiII + AEarth

The intern thermal borehole resistance Ra [Km/W] is a characteristic value for the thermal losses
Agi [W/m] (related to the length) of the upward flowing fluid to the downward flowing fluid. Ra is
independent from the depth of the borehole:

Def: R, :M

eqg. 6.31
g, (2) g
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The thermal borehole resistance Ry, is defined by the mean fluid temperature Tt in the borehole and

the borehole temperature Tp:

_T@-T@
q

The borehole resistance Ry is independent from the borehole depth and consists of the resistance
of the borehole filling R and the resistance of the heat transfer from the filling to the borehole fluid
Rq:

Def: R, eg. 6.32

R, =R, +R, eq. 6.33
The resistance of the heat transfer Ry can be calculated for double-U-pipes with
1
R, =—————
“ 8w, eq. 6.34

6.8.1 The internal borehole resistance R 5 by Hellstrém [4]

According Hellstrém [4] (1991, P. 147, formula 9.149) the internal borehole resistance Ra for
double-U-pipes with a symmetric configuration of the pipes can be calculated with:

_ 4
R= 1 | V2 b, _1(2mm) 1 (1 b4 R eq. 6.35
T, r 2 r 2 1+b* )| 20, &

(o] (o}

in which the thermal resistance Rs of the pipe wall is calculated with:

1 r
R, = (n| =
s~ 2, n[r j eq. 6.36

[o]

6.8.2 The borehole resistance R 1 by Hellstrém [4]

The borehole resistance for a double-U-pipe can be calculated by Hellstrom [4] (P. 89, eq. 8.69)
with:

2
r2 1BU4
A ——
Bu . BuU
-1 gpem +|n(rl vomn |- " 6 6.37
* 8T, r, Bu . _Bu* €a- 5.
! 16 1+ r2 Bu* [7*
J C’2 1 E T 2
l_B B 4 Bu4
' 16
and
1 1 r
B =2, [ﬁRa + Rw] = Aa Eﬁm"'/]_[ﬂn[r_sﬂ eq. 6.38
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6.9 Thermal resistances R a/ Rob of a coaxial borehole

e ' Nomenclature of a coaxial borehole

The idealized coaxial borehole is shown in Fig. 6.6.
The borehole with the borehole radius r; is colored in
gray.

The filing has the heat conductivity Ary, the inner

borehole pipe Aw, the outer borehole pipe As and the
earth Agarth.

The inner and the outer radiuses of the inner borehole
pipe are ri and ra. The inner and the outer radiuses of
the outer borehole pipe are r, and rs.

}‘Earth

Fig. 6.6 Nomenclature of a coaxial borehole.

6.9.1 Modeling of the internal borehole resistance Ra

The definition of the internal borehole resistance R, in eq. 6.31 is valid for the coaxial borehole, as
well. Hence, the thermal resistance is the sum of the heat transfer resistances of the upward
flowing fluid to the inner borehole pipe (1% term), of the thermal resistance of the inner borehole
pipe (2" term) and of the heat transfer resistance from the inner borehole pipe to the downward
flowing fluid (3™ term):

R = 1 + 1 In r_a +—1 eqg. 6.39
*T| 207, 20wA,  \r ) 200, (@, a-©

6.9.2 Modeling of the borehole resistance R

In the case of a coaxial borehole, Ry is defined as the thermal resistance of the outer borehole fluid
(normally the downward flowing fluid) to the wall of the borehole (at the radius r1):

1 1 r 1 r
R, = + n = |+———[n| X . 6.40
i [ZDTDTO [, 2070A (r J 20Ty, (rs H -

o

6.10 Heat load of groundwater flow

According to the Darcy-law the specific flow rate vi (=Darcy speed) is the product of the hydraulic
conductivity ks and the pressure gradient i of the groundwater:

v, =k, O eg. 6.41

Assuming the flowing groundwater has the same temperature as the untouched ground layer it
flows in, the delivered heat load by groundwater over the flow cross section Acw out of the
temperature funnel (cooling of ground temperature compared to untouched ground, due to the
borehole) can be defined as:

Qow =Vi Pow CPyaer ier (BT eg. 6.42
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6.11 The analytical borehole equation

6.11.1 The concept of thermal resistances

The concept of thermal resistances is based on a “steady” condition and postulates a linear
relationship between the temperature gradient and the specific heat loss:

Tuser ~Theatsource = ZR K| eq. 6.43

The thermal resistance of the borehole heat exchanger systems can be split up as follows:

O— /N

Rm
H/2
Tup Tup
T ‘
’m—:& R%@ drilling depth H
R, UL
SLDP

T, =T —[R,()+R, +R, |4

: l

Y

undisturbed borehole average fluid average fluid borehole inlet
earth temperature temperature temperature at temperature in temperature
at depth H/2 depth H/2 the vaporizer
m Tb Tf Tf T et
Ry —@— Rb |
Abb. 6.7: Thermal resistance of a borehole heat ex  changer systems

6.11.2 Thermal resistance R ¢ (evaporator)
In a steady condition, the heat balance of the evaporator and the earth can be written as:
(TOutIet _Tlnlet)mhm:pFluid = Q/aporizer = QBorehoIe = H m eQ- 6.44

Considering eq. 6.26 the following equation for the thermal resistance of the evaporator R can
be defined as:

_ H _
=T.+—q = T, +R
Outlet f 2[MEp,,, q f ¢ LG eg. 6.45
Twe=T —=——q = T,-R, 3 6.46
Inlet f 2|]h|]:pFIU|d f f eg. 0.
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6.11.3 Thermal resistance R n (temperature loss along the borehole)

In the heat extraction case the highest average fluid temperature T; is at the bottom of the borehole
heat exchanger. During the transport of the fluid from the bottom of the borehole, the fluid yields a
part of its heat energy to the downward flowing fluid and sometimes also to the upper earth layers.
Assuming that there is a constant specific heat extraction rate for the entire borehole length q
(which is a reasonable assumption for most boreholes), the following relationship for the fluid

temperature results [8]:

H 2 Z2
——z[H + = H—
TUD(Z):Tm+ATGraddi_ g(t,H) +Ro+i|]3.2 22 - . 2
2 27T Agarn R, m” [€Pg g 2N LEPA g
H 2 22
—z[H+_
TdO\Nn(Z)zTn\o-i-ATGraddi_ M+Ro+i|]3.2 2 H z
2 | 27 Aggn R, mM” [P g 20 Lep 4
TI nlet 13.0 Tf 14.0 TOutIet

Depthz O \ \ ?
[ml 20

0 \ \

" N

N

AV

140 \ \

160

180
200
220

240
\

260 \ /

280 \ /

300
© Huber Energietechnik AG, Zirich  Temperature[C]

— Tdown — Tup —Tf

Abb. 6.8: Temperature profile of the fluid accordin g to [8].

Thus, the thermal transport resistance R 1, can be defined as:

_ﬂ = _ 1 H?
Tf(Z— 2) T, =R, {3[& szﬁtpmdsz
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6.11.4 Thermal resistance of the earth R ¢

The thermal resistance of the earth Ry follows from the temperature difference between the
borehole surface temperature and the temperature level of the undisturbed earth on the same
depth. The definition of Rq follows from the definition of the g-function (eq. 6.8):

T,-T, =AT(r=r,1) =%E@(rb,t) =R [ eq. 6.50

The particularity of the thermal resistance Ry is that it is a function of the time and that it is
permanently increasing under a constant heat extraction rate (see chapter 6.3).

6.11.5 The analytical borehole equation

The analytical borehole equation follows from the combination of the different thermal resistances
of the borehole and its surroundings:

Tows =Tn— (R, +R, +R, —R; )14 eq. 6.51
Tlnlet:Tm_(Rg+Rb+Rm+Rf)[q eg. 6.52

Replacing Tm with eq. 6.24, Ry with eq. 6.50, Rm with eq. 6.49 and R with eq. 6.45 in the analytical
borehole equation:

2
TOutIet:Trm+ATGraddi— (IS +Rb+}[-l£D‘2 H — H g
z 27T Agarny 3R m [€Priq 2 LEPq,q eq. 6.53

and
il Hi= H

t,r 1 .
T :TmO+ATGraddi— M+Rb+—[-l—[!_2 5P q eq.6.54
2 | 2 Agy, 3 R, m"@pp,,~ 20Nepq,q

undisturbed borehole average fluid average fluid borehole inlet
earth temperature temperature temperature at temperature in temperature
at depth H/2 depth H/2 the Eporizer

Tm Th Tf Tf T et

Ry —@— R —@— FRm —@— Rf |

Abb. 6.9: Thermal resistance of a borehole heat ex  changer.

The analytical borehole equation is suited perfectly as a tool to assess the dimension of a result or
to check the plausibility of a result.
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7 ANNEX B: Input of a particular g-function

7.1 Example 1: The input of a g-function by the valu  es of the function

The g-function published by Eskilson [3] with 9 boreholes in a quadratic configuration (see Fig. 7.1)
and B/H = 0.10 shall be entered as unique g function. The borehole length H is 100 m.

T T T T T T T T T T T
8 boreholes In a square
rb/H = 0.0005 b -
2a1- 0 0 © 0.05
18- o 0 o -
16~ 9¢8° .
B B 0,10
177 =i et -
% - 0.5
'3l 0.20 |
[
i — o
c,10_ 0.30 ]
8 -
T i RS R B B=w
86 7 et et : —
| , ]
f— 1 -
Ly [ DR T ] 1 1 I ] 1
8§ -4 -3 =2

Fig. 7.1:  Example of a published g-function (from [  3]) and the reading of the function value on
the supporting point In(t/ts) = 2.

Select the last option in the field 1.11 which is “special input”. Then, select “yes” in the fields 1.10
and 1.13. The function values of the g-function are read from the graph in Fig. 7.1 on the
supporting points In(t/ts) = -4, -2, 0, +2, +3. The values are: g[In(t/ts)=-4)] = 5.09, g[In(t/ts)=-2)] =
7.00, g[In(t/ts)=0)] = 10.86, g[In(t/ts)=+2)] = 14.68, g[In(t/ts)=+3)] = 14.91. These function values are
to be entered in the fields 1.15 to 1.19. The borehole distance must be adjusted in field 1.20 in a
way that the B/H ratio in field 1.21 is equal to 0.1. This means that the input in field 1.20 must be
10m since the length of the borehole H is given (100m).

¥ Eingabedaten EWS _ ol x|
File Input Import Ediion Windows Info

ot Borsholes | 2Flic |3 Earth | éxraction| 5 it |
npu
Borehole configuration
Calculation 1.7 Outer pipe diameter [m] 0.0320
1.1 |32 i double-U-pipe LI

18 Wall thickness of pipe [m] 0.0030
Open
1.2 Typ ‘ " coaxial & U-pips

‘ 1.9 Heat conductivity of pipe [W/mk] 0.40
S 13 Murber ot boreholes 9
14
Resuts Borehole depth 100.0
15 Borehole diameter 0120
1.6 Borehale distance 1000 B/Heft 0100 1.6a

Dimensionless thermal response (g-function)

1.14 thyH=0.0005

1.10 Boundary conditions with g-functions & Yes C No 1.15 mgts)=-4  [5oo
1.16 nips=2 oo

117 ner=)=0 [0gs
Graph of gfunction 112 Graph of g-function 118 ey = +t2 14.66

1.19 infifts)=+3  [raem
Input gfunction 1.13| & ves Mo 120 Borehole distance of g-function (1000

1.21 B 0100
Close
[

1.11 giunction: [Nt cefined |

Programm EWY3, Lizenz fiir Huber  ® Huber Energietechnik AG, Ziirich

Fig. 7.2:  The sheet “Boreholes”, example of a part  icular g-function for a 3 x 3 borehole field with
a quadratic configuration and B/H = 0.10.
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The entered g-function, respectively the spline-interpolation which is used by the program, can be
checked visually and quantitatively by clicking on the field 1.12. It is necessary to adjust the B/Hes
ratio (field 1.6) to the B/H ratio of the g-function (field 1.20) if the B/Her ratio (field 1.6a) differs from
the B/H ratio of the g-function (field 1.21). The g-function would be extrapolated from the B/Hex
ratio if the adjustment is not done. The graph of the entered g-function is showed in Fig. 7.3.

H giunction ts5=37.2[a]

J# Gfunc

g-function

Copy

Frint 4

ik

Inft/ts) [

-7 - -5 -4 -3 -2 -1 0 1 2 3

Fig. 7.3:  The graph of the particularly entered g-  function from Fig. 7.2.

The program EWS uses an automatically extrapolated g-function if the effective ratio B/Hes (field
1.6a) differs from 0.1. This extrapolated g-function can be shown by clicking on the field 1.12. This
means for the above example that if the effective borehole distance B is 8 m, this value has to be
entered in the field 1.6. Hence, the effective B/He ratio is 0.08. The extrapolated g-function (using
the value in field 1.12) is shown in Fig. 7.4.

A sfunc 1ol

[l gfunction ts=37.2[g]

g-function

Copy

Print 4

Bl

Init#ts) [

-7 B 5 -4 -3 -2 -1 1] 1 2 3

Fig. 7.4:  The graph of the g-function in Fig. 7.2 extrapolated from B/H et = 0.08.
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8 Table of symbols

8.1 Latin symbols

a

Acw

b

B

Bu
CpPsole
CPwasser
Di
DimAxi
DimRad
Es

f

n

Nu
Pr
ap

g

G geo
Aqi
Q
Qow
QBuiIding
Re
lo

Is

fi

la

rn

b

Ra
Ra
Rb
Rc
Rqd
R
Rm
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thermal diffusivity

flow cross section of the groundwater in the area of the boreholes
eccentricity parameter of a double-U-pipe

distance between different boreholes

shank spacing between the pipes of the upward and the downward flowing fluid
specific heat capacity of the fluid

specific heat capacity of the groundwater

inner diameter of the borehole pipe

number of calculation nodes in axial direction

number of calculation nodes in radial direction

Eskilson number, dimensionless time

grid factor for the calculation grid in radial direction

g-function, dimensionless thermal response of the earth by Eskilson
borehole length, borehole depth

pressure gradient of groundwater

hydraulic conductivity = coefficient of permeability

mass flow rate, mass flow rate in the boreholes

number of calculation nodes in the radial direction (=DimRad)

number of neighboring boreholes (do not belong to present project)

number of boreholes in a field of boreholes (including neighboring boreholes)
Nusselt number

Prandtl number

pressure drop

specific heat extraction rate of the borehole per length

natural, undisturbed geothermal heat flow

heat loss of the upward flowing fluid to the downward flowing fluid
extraction rate, injection rate, power

heat output of grouondwater flow

heat input into earth through building floor or earth poles

Reynolds number

inner radius of the borehole pipe

outer radius of the borehole pipe

inner radius of the inner coaxial borehole pipe

outer radius of the inner coaxial borehole pipe

borehole radius

radial distance from the borehole axis (variable)

heat transfer resistance from the fluid to the wall of the borehole pipe
internal borehole resistance (from the upward to the downward flowing fluid)
thermal borehole resistance (from the fluid to the borehole radius)

thermal borehole resistance (from the borehole pipe to the borehole radius), Rc= Rb- Ra
thermal contact resistance (from borehole radius to the filling material)
thermal resistance of the evaporator, (Tsource — 'ITf) /q

thermal transportation resistance in the fluid between the depth H/2 and the earth surface

[m2/s]
[m2]

[-]

(m]

(m]
[J/(kgK)]
[J/(kgK)]
(m]

[-]

[-]

-]

-]

-]

(m]
[m/m]
[m/s]
[kg/s]

[-]

[m]
[Km/W]
[Km/W]
[Km/wW]
[Km/W]
[Km/W]
[Km/W]
[Km/W]
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St
TRT

ta

AT ()
ATGrad

Tmo
Toutlet
Tinlet
Tup

ts

\Y

\%

N

Stanton number

Thermal Response Test

period duration of the seasonal fluctuation(= 1 year = 8760 h * 3600 s/h )
cooling of the earth around a borehole, compared to untouched conditions
vertical temperature gradient in the undisturbed earth

borehole temperature in the depth z (on the radius r1)

borehole temperature averaged over the borehole depth (on the radius r1)
mean fluid temperature in the depth z

averaged fluid temperature, %2 (Toutiet + Tinet)

temperature of the downward flowing fluid in the depth z

longtime mean temperature of the outer air

mean temperature of the undisturbed earth

averaged, annual temperature on the earth’s surface

outlet temperature (temperature of the out streaming borehole fluid)

inlet temperature (temperature of the inflowing borehole fluid)
temperature of the upward flowing fluid on the depth z

borehole time constant

flow velocity

Darcy-velocity = specific percolation = filter velocity

wall thickness of the inner pipe of a coaxial borehole (ra — ri)

depth in the earth, measured from the earth’s surface

8.2 Greek symbols

a

B
4
Yy

v

AEarth
Aeff
Areal
AFil
Aisol
As
Aw

Pwasser
2

heat transfer coefficient of the borehole fluid

dimensionless thermal resistance from the borehole pipe to the fluid
dimensionless pressure loss coefficient (pipe friction number, often A)
Euler constant, 0.5772..

kinematic viscosity of the borehole fluid

heat conductivity of the earth

Heat conductivity of the earth with groundwater influence (from TRT)
Heat conductivity of the earth without groundwater influence

heat conductivity of the borehole filling

heat conductivity of the isolated borehole pipe

heat conductivity of the borehole pipe

heat conductivity of the inner pipe of a coaxial borehole

groundwater density
conductivity parameter of the borehole filling
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[s]
(K]
[K/m]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[s]
[m/s]
[m/s]
[m]
(m]

[WI(m3K)]
[-]

[-]

[-]

[m?/s]
W/(mK)]
[W/(mK)]
W/(mK)]
W/(mK)]
[W/(mK)]
[W/(mK)]

[WI(mK)]
[kg/m?]
-]
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9

(1
(2]

3]
]
5]
[6]
7
8]
(9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
(17]

(18]

[19]

(20]

[21]
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