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ABSTRACT

Three computer programs are presented to illustrate the use of computer
calculations for solving geothermal energy utilization problems. The
programs are written for the following topics: a) Deep well pump selec-
tion, b) Heat and pressure losses in geothermal water transmission pipe-
lines, c) Evaluation of district heating system design temperatures.

For each of these programs both the fundamental basis and computational
methods are described. The use of the programs is illustrated by calcu-
lations for a district heating scheme that has been proposed for a

part of the city of Beijing.



CONTENTS
Page
ABETBACT, | os v 2 v 2 simaimniois o a3 & o s s aieidieinis o s & & o eieiasmien = s 5 5 mmeemne 3
1 INTRODUCTION
Lol DEODE: B WOTKe e v o & o 5 siesosmnsacs & € % SaeueE e s i e B e 9
1.2 Use of computer in geothermal utilization.............. 10
2 SELECTING A DEEP WELL PUMP: PROGRAM DWPS
231 Principles and Criteria for Deep Well Pump Selection...11
2121 Inkradneblion. . e £ 5 5 debrnmimad € £ 8 8 afadaak g 11
2uls? Do BEAEL o saeinim 98 4 5 Bdsieimieoaie 5 5 8 § S Sies e 12
2:1.3 Numbe¥ of SEageSa.isscovvsocansssssssmienives 12
Zulvd Columipy 1eNGER aiiavis & 3 4 ¢ seleraieins & & ¥ ¢ ¢ alaietesiss 14
28 Shatb EHRMIB T v ermise 4 % ¥ & & ¥ Esa=ses 5 & & & 8 aresen g 8
216 MOEOX poweY CHDACIEY ¢ ¢ v swrewmien v R ¢ & @ e 16
242 ConpaEStion MEEhE J vurome s 5 @ 4 5 s amiaasimG & & § & o sieh 16
2.2.1 Use of the loop teChNigUe e e escess ansnmens 16
2P0 IHE OF SUBYOHEEAS 0w 5 & 5 e meeimansie ¥ b % & Sammm0Em s 18
2.2.3 Creating an input file,.... R Iy — 18
Zeiict  BPumb ORRroctorietliog o« o v ceqsieimime # w8 B 8w 18
2.2.5 Arrangements of the checking procedure......... 18
Zpidied OBEPUL BI)E o cmeminiag 5 8 b § b e S e & Nl 20
3 HEAT AND PRESSURE LOSSES IN GEOTHERMAL WATER TRANSMISSION
PIPELINES: PROGRAM PIPES
E | Calculation Principle and Formulae Used. ... .eeeosuu-s 20
21,1 ThHermal reslaBanSl. ...« s uswnesss s o bs seiane s 20
3.1.2 Temperature drop and heat loss of the water
30 Wl o T= T o o) < /NP O e S S O 23
3.1.3 Pressure loss of the water in the pipes........ 24
E Computation Methol s savsmias i s s asissnes ssessadaass 25
B2l Ttavation MEEHOQ .. & & & & s aaE@mie i & & o § e 25
72 THARH Pliew snm swimwaim s 5 w & 8 o slaseere s @@ 8 o 5 a5 wwie s 25
352.3 Output File i cewmireen s @ s oo aemensise s e 8§ sEsiRTEE 25

5w L0 T % 11 o e L s £ R SO R R R T T 29



4 DISTRICT HEATING SYSTEM DESIGN TEMPERATURE: PROGRAM SDT

4.1 Theoretical BasiS ..ccocvesscese T Ly T 30
4.2 Calculation Formulae Used «.vsevosees et - S 31
4.3 Computation Method -« ««««--- cecesssaeaseaenancsas 33
4.3.1 Arrangement of input file ...... v cncana i
4.3.2 Calculation procedUres ..coseeesssscnsmsssssss 3
4.3.3 Determination of system design temperature..... 35
5 EXAMPLES OF USING THE PROGRAMS
% | Calculation for Unity Lake District Heating
System in Beijing cesecsssbsssssisannimbnresssasns 36
5.1.1 Brief description of the task ceveevereccecnsas 36
5.1.2 Suggested scheme and preliminary calculation....36
5.1.3 cCalculation for the geothermal water pipelines ..40
5.1.4 Calculation for deep well pump selection ....... 41
5.2 Selection of the ystem esign emperature for a own..42
5.2.1 Brief description of the task s+-vevceceaceans 42
52,2 Ealoulablon e v i asinpsssmsss s & emeseses &« o 43
5.2.3 Interpretation of the calculation result .......43
6 DISCUSSION AND CONCLUSION + v v v v v s v o es == i A N WO 43
ACKNOWLEDGEMENTS . . ..o v uoeuwas T L D 45
REFERENCES: , seie:000 0 8 ¢ » e R B B e .o W W g

APPENDICES



LIST OF TABLES

Page
Table 2.1 Recommended flowranges of FLOWAY vertical pumpS......... 12
Table 5.1 Main parameters of the secondary water system........... 39
Table 5.2 The parameters O0f the PipPeS...eeeiiteeernnnncncncensnnns 40
LIST OF FIGURES
Fig. 2-1 Definition for the calculation of pump......... P e
Fig. 2-2 Two straight lines are used to approximate the pump
CULVE s sis v 5 & ¢ sasiaion o B S VT e e B e el 15
Fig. 2-3 The flowchart for Program DWPS. ...+ v s s ae T TR 1

Fig. 2-4 The flowchart for subroutine program SUBFLO..........19

Fig. 3-1 The covering layers of the buried pipe .............. 22
Fig. 3-2 The flowchart for program PIPES ... .. «cc 000200 sna 326
Fig. 3-3 The flowchart for subroutine program HLOSS......:-s.. 27
Fig. 3-4 The flowchart for subroutine program PLOSS..... s a2
Fig. 4-1 A rectangular cold Wave., ... ..« T T R B s e e
Fig. 4-2 Bn actual oold WAVE S i s e v v s b e sinii e s i b R 32
Flg. 4-3 The flowchart for program SDT...... R e R 34
Fig. 5-1 The Unity Lake District....... U e ) R A R 37

Fig. 5-2 Suggested schematic diagram of the Unity Lake

DiSEHic Heating SYSTRN o wes o s 6 seimaes s ass s @ o6 oeesiesies 38



LIST OF APPENDICES

APPENDIX A:

APPENDIX B:

APPENDIX C:

APPENDIX D:

APPENDIX E:

APPENDIX F':

Page
Program DWPS and Subroutine Program SUBFLO «««eecoeuean 49
Program PIPES and Subroutine Programs HLOSS and
PLOSS cces e B T T T s e e s s e maen e o0 s 55
Program SDT « s s v v e E R | - ¥ B NI SRR 8 61
An Input Data File for Program PIPES and a Printout
of the Calculation Result .......... casesessesenesa .65

Pump Data Files, Well Data Files and Printouts
of: gHe Caltulation RESUIEE . wveeales & o @ o ace s eanes & s v o 109

An Input Data File for Program SDT and a Printout
of the Calculation ReSUlt -« e cccescocscsasccnnsccsscsss 77



1 INTRODUCTION

1.1 Scope of work

The author of this report was awarded an UNU fellowship to attend
the 1981 UNU Geothermal Training Programme held at the National
Energy Authority in Iceland. After about four weeks of introductory
lecture course on all scientific and engineering aspects of geo-
thermal enexrgy, the author received specialized training in
low-temperature geothermal utilization for about five weeks.

During this time there were lectures dealing with various topics

of low-temperature geothermal utilization given by geothermal
specialists of the National Energy Authority, University of
Iceland, Reykjavik Municipal Heating Service, Fjarhitun Engineering
Consultants and various other institutions in Iceland associated
with geothermal utilization. Some of the special lectures were
given by experts from Japan, New Zealand, Scotland and France.

The latter three were specially invited by the UNU Geothermal

Training Programme.

The main parts in the specialized training were the exploitation
of low-temperature geothermal energy, pipeline and pumping station
design, district heating system design, geothermal water chemistry

and computer applications.

The author visited various geothermal areas in Iceland during
the two-weeks field excursions which made a good combination of

the theory with the practice.

This paper was written in the final stage of the Training Programme

as a final report and completed at the end of the six month training

period.
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1.2 Use of computer in geothermal utilization

There are extensive low-temperature geothermal energy resources

in the world. In recent years low-temperature geothermal water

has been widely used for various purposes to replace high-quality
energy (Ref. 1). The most common uses of low-temperature geo-
thermal energy are for district heating, greenhouse heating,

fish cultivation and industry. Its application to district heating

is considered to be one of the most important uses.

In the different stages of exploiting low-temperature geother-

mal energy a large number of complicated repetious calculations

are necessary. In recent years computer programs have been

used for both design and operation analysis in low-temperature
utilization. Scientists at the National Energy Authority of

Iceland have been using computer programs to interpret chemcial

data of water samples, to obtain information about the chemical
characteristics of the deep geothermal waters (Ref. 2). They also
use the computer for geothermal water pipeline design (Ref. 3).

It is known that engineers in France have developed a mathematical
model with a computer program for optimisation of the distance
between a reinjection well and the production well (Ref. 4). A
mathematical model, which has been computerised for the determinatiocn
of the optimum insulation thickness for prefabricated district
heating pipes, is used for design purposes in Denmark (Ref. 5). It
is also well known that a computer program for calculating heat and
pressure losses in district heating networks has also been developed
by engineers in England (Ref. 6). Another complete mathematical
model with a large computer program called GEOCITY is used success-—
fully in practice for studying the economics of district heating

using geothermal energy (Ref. 7).

The author has developed three computer programs (all in FORTRAN 4)
for calculation topics in low-temperature geothermal exploitation.
The main purpose of writing these programs was to learn about the

use of computer in solving geothermal engineering problems. The
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topics selected are the following:

1. Deep well pump selection.

2. Heat and pressure losses in geothermal water transmission
pipelines.

3. Evaluation of district heating system design temperatures.

The topics are simple and there are available calculation formulae
which have been established and used for a long time. In other
words, there are mathematical descriptions for these problems and
the main task left for the author is to createan algorithm for the
computation and to express it in a computer program using a Fortran

computer language.

The three programs are written separately. The author was interested
in creating a complete computer program for geothermal water
distribution system calculations. However, this was not realized
because of the limited time available. The programs developed and
their use for nominated tasks are described briefly in the following

chapters.

2 SELECTING A DEEP WELL PUMP: PROGRAM DWPS

2.1 Principles and Criteria for Deep Well Pump Selection

2.1.1 Introduction

In a low-temperature geothermal field, the correct selection and

use of deep well pumps is important because it affects the operation,
economy and safety of the utilization system. The main task for

the deep well pump calculation is to decide upon the pump size, number
of stages and column length to obtain the required water flowrate

and well head pressure and to ensure a safe level of production.

In addition a deep well pump calculation can be used to check the out-
put of the pumps and any inefficiencies in their operation. Diffe~-
rent types of pumps require different calculation procedures and data

although the goal and nature of the tasks are the same.
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2.1.2 Pump size

The pump size is first chosen according to the flowrate ordered or
required. The reasonable flowrates for PLWAY Vertical Pumps are
given in Tab. 2.1.

Table 2.1

Recommended flow ranges of FLOWAY vertical pumps

Pump size Column sizes Flow range reccmmended
6 inch 6 inch column pipe
and 2 inch enclosure tube 14-40 1/s
8 inch 1 3/16 inch shaft
10 inch 8 inch col. pipe
2 1/2 inch encl. tube 50-75 1/s
1 11/16 inch shaft
12 inch 10 inch col. pipe

2 1/2 inch encl. tube 85-110 1/s
1 11/16 inch shaft

2.1.3 Number of stages

When the pump size has been selected it is necessary to calculate
the number of stages required. The pressure head which is
needed for raising the hot water in the well to the surface and
keeping the pressure at the well head high enough for the transmission
system can be expressed as:
P=P,+K,+ Ky +Pq+ Pg (2-1)
where P = total pressure head needed (m)
discharge head at the well head (m)

Ky = static water level (m)
Kn = draw-down (m)
Pg = wvelocity head (m)

Fig. 2.1 shows the main definitions used in the calculation.
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Draw-down is the difference between the static water level and the
pumping water level. Customarily it is measured after several hours
of continuing operation. Draw-down can usually be calculated with

the formula:
K_n=a-Q+b.Qz

where a and b are the flow coefficients of the well determined by a

pumping test.

Column friction loss Py is a funtion of flowrate Q and column length

L. and is found in the pump specifications (Ref. 8).

It is well known that the pressure head of deep well pumps is a
funtion of flowrate. Two straightlines can be used to approach the
pump characteristic curve by regression analysis. The pressure head

of the pump can then be presented as

Py = (cp + c2 - Q) - 2

where Z is the number of stages of the pump as illustrated on Fig.
2.2. When the flowrate Q is less than Qp (the flowrate corresponds

to the cross point of the two lines) the constants cq and cp will

have the values cqq and cp1 respectively and when Q is larger than

Qm €1 = ¢19 and ¢c3 = Cygy.

The following equation must now be satisfied:
Ph+Kv+Kn+Pd+Pf={Cl+C2'Q)'Z (2-3)

There are three unknown variables in this equation: Number of stages

Z, flowrate Q and column length L.

2.1.4 Column length

The column length Lo required is expressed by:

Lo = K, + Ky + h

& min * hsaf

In this expression, hg,f is the water level fluctuation and the lowe-
ring of the water level during the years of operation. It must be
based upon the water level data of the field in the past. hp ;. is
the minimum water column above the suction of the pump and is
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expressed as:

hpin = (Po - Pa) / d* g+ NPSHR (2-5)

Here, P, is the saturation pressure corresponding to the temperature
of the water in the well, P, is the atmosphere pressure and NPSHR
is the "net positive suction need" required. It is one of the char-
acteristic parameters of the pump and can be found from the perfor-
mance sheet of the pump as a funtion of flowrate. When a linear
funtion is used to approximate the NPSHR curve it can be calculated
as:

NPSHR = c + d « Q (2-6)
From expressions (2-4), (2-5) and (2-6) it is clear that the column
length L, is a funtion of flowrate Q. Thus, both the column length
L, and flowrate Q can be calculated from the equation system (2-3)

and (2-4) combined, provided that the number of stages Z has been
decided first.

2.1.5 Shaft thrust

The total shaft thrust TT is calculated and the elongation of the
shaft E, needs to be checked. The formula for calculating TT and
E, can be found from the specification sheet of the pump (Ref. 8).
The elongation of the shaft calculated must not be larger than the

clearance of the pump assembly.

2.1.6 Motor power capacity

In the calculation the power capacity of the pump must be estimated
to check if the shaft horsepower is within the allowed range for the
shaft and to select the correct motor capacity. In these calculations
the values of efficiency for both pump and motor are taken from the

specification sheets.

242 Computation method

2.2.1 The use of the loop technique

The flowchart of the computation is shown in Fig. (2-3). To solve

the above mentioned equation system (2-3) and (2-4), a lcop technique
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has been used. After the number of stages Z has been decided the
calculation goes into an iteration loop in which the Newton-Raphson
Method (Ref. 9) is used to calculate a satisfactory flowrate Q. An
outer iteration loop is used to decide the correct column length

based on the flowrate calculated.

2.2.2 Use of subroutine

The above said iteration loop would be used many times in each run
of the program. Obviously to arrange this loop as a subroutine is

convenient. This subroutine is called "SUBFLO" (Appendix A).

2.2.3 Creating an input data file

It has been arranged that all the given values are put into two
separate input data files. One is a pump data file and the other
is a well data file. As an example, there are two pump data files
and two well data files in Appendix E. In the input files, after
each figure there is an explanation on the same line , which will

enable the user to change the files correctly.

2.2.4 Pump characteristics

Usually pump manufacturers present pump characteristics with groups
of curves, while some are given in tables. A regression analysis
should be made to cbtain the formulae presenting the pump charac-
teristics and the corresponding constants. The available regression
programs can be found in IMSL (International Mathematics Software
Library). In addition, it is important to point out that care is
needed in translation of the units when editing, since the units

used by different manufactures are not always the same.

2.2.5 Arrangement of the checking procedure

In this program all the formulae and constants are chosen automati-
cally by the computer, several checking procedures are éxecuted
automatically and if some criteria are not satisfied the relevant

statements will interrupt the calculation process and instruct
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the computer to giwve the information on the terminal. This information
advices the operator to change some of the initial values, then the
calculation procedure will be repeated (see statements 32, 202 and

312 in the main program).

2.2.6 Output file

The calculation results together with some of the given values have
been written in an output file named "DWPS.OUT" when the computation
process is finished. BAs an example a printout of an output file is

shown in Appendix E.

3. HEAT AND PRESSURE LOSSES IN GEOTHERMAL WATER TRANSMISSION

PIPELINES: PROGRAM PIPES

Sl Calculation principle and formulae used

Geothermal water transmission systems (transmission pipeline, distrib-
ution network and user connecting pipelines) have a wide range of
design features. There are many different construction configurations,
different dimensions and materials, whilst the medium (hot water)

properties are also variable.
The calculation formulae for heat and pressure losses can be found in
engineering handbooks and various other publications. The following

is a brief description of the formulae used in this program.

3.1.1 Thermal resistance

The resistance to heat flow from hot water flowing inside a pipe to

the ambient air can be divided into four parts:

1. Thermal resistance of the boundary layer of the water flowing in
the pipe (R; ).

2. Thermal resistance of the pipe wall (Rpipe)-

3. Thermal reisstance of the insulation layers and the protecting
layer (Rj, « Rp}.

4. Thermal resistance of the air boundary layer at the outer surface

of the pipeline if the pipe runs in the open, or thermal resistance
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of the soil layer if buried (Ry,¢ OF Rgq) -

t

That is, the total thermal resistance can be expressed as:
Rtot =Riyp t Rpipe * Rins * Rp & {Rout - Rsl]

In practice there are always some items that can be neglected because
they are relatively small. For open run insulated steel pipes, the
thermal resistance of the pipe wall is much smaller than that of the
insulation layer and therefore it can usually be neglected. The same
could be true for the thermal resistance of the internal and external
surfaces of the pipelines. Therefore in this case we only need to
calculate the thermal resistance of the insulations, which is given
by:

Ri ¢ = In(D3/Dp)/ 2K,

Here, D, and D3 are the inner and outer diameters of the insulation
layer respectively and Ki,o is the thermal coductivity of the

insulation material.

For asbestos-cement pipes which are usually not insulated the thermal

resistance of the pipe wall is:

Rpipe = 1n (D2/D1) /20K,

Here, Dy and Dy are the inner and outer diameters of the pipe and

Kgpg is the thermal conductivity of asbestos-cement.

For buried pipes, it is necessary to calculate the thermal resistance
of the covering layers. The most common way is to bury the pipes

in soil. In some cases the pipes are covered with sand before the
pipe ditch is filled with soil and in some other cases the covering
layers have different thermal conductivities due to their differing
components and/or dampness (see Fig. 3-1). The thermal resistance of

the covering layers can be calculated from the formula (Ref. 10):

In(2(hy+rp) /xy) 1

Rsl -

(hp/Ky + hy/Kq) (3=1)

where, Roq is the thermal resistance of the covering layers
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(m"C/wW) hy, hy and hy are the thickness' of each layer (cm),

K1, Ky and K3 are the corresponding thermal conductivities
(W/m°Cc) and

rp is the outer radius of the pipe (cm).

When (hjqthp+hy) is less than 2rp, the following formula must used

instead of formula (3-1);
Ry, = In((8(E/D)2 -1) + 4 (/D) (4(8/D)2 -1)0-5)/4 Ko

where H is the depth of the buried pipe center and Kg; is its thermal

conductivity, while D is the outer diameter of the pipe.

3.1.2 Temperature drop and heat loss of the water in the pipes

The heat loss from one meter of pipe is given by:

g = DTm/ Rtot

where Ry, is the total thermal resistance of the pipeline and DTy

is the logarithmic mean temperature difference;

_ Ty = T
DTy, = 1 2

In((Ty=T,) /(Ty-Tg))

Here, Ty and T, are the temperatures of the water at the inlet and

the outlet respectively, while T, is the ambient air temperature.

From another viewpoint, the total heat loss of the water is:

Qtot = = * I (Tl —T2)
Thus,

Q=Q ¢ /Ip =c m (T - T2)/LP = DT /Reot

where ¢ is the mean specific heat capacity of the water, m is the
mass flowrate and (Tl'Tz) = DT is the temperature drop of the water.

Since, Ty = Ty = DT, we have;

DT
In ((T4-T4) /(T1-DT-T3))

=R c - m - DT/Lp

tot

and that is;
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1/1n((Ty=To) /(T{-DT-Ty)) = Rygy = © - W /Iy (3-2)

The temperature drop can be found from the equation (3-2). The
heat loss on the pipe is;

Hig =2 Ip (W)

3.1.3 Pressure loss of the water in the pipes

To calculate pressure loss for water flowing in a pipe an estimation

of friction coefficient is necessary.

For both mild steel and asbestos-cement pipes, the Colebrooks
formula is used to calculate the friction coefficients for both

types (Ref. 3):

/2 = 3109 (2.5 - RoL . £1/2 1x/3.71 p,) (3-3)

In this formula, R

e 1s the Reynolds number and k is the absolute

roughness of the pipes and for steel pipes k = 0.025mm but k = 0.05mm
for asbestos-cement pipes (Ref. 3).

For eithexr copper or plastic pipes the Von Karman equation for smooth

pipes can be applied (Ref. 6):
£-1/2 = 4.0 log (R, - £ 1/2) - 0.4 (3-4)
The pressure loss in the pipe will be
Pig = 0.5 £ *p - V2Ladj/D1 (3-5)

Here, pis the density of the water and Ladj is the adjusted length of
the pipe, which is used to account for such items as bends, expansion
joints, valves etc. For example, the bend coefficient is Chr the

pressure loss on the bend is;
1 . g2
Pb=§Cb.p V;
the equivalent pipe length Ly is given by:

1 vy N m E e GE s
3% P V=35 E 0V Le/Dy

that is;

Lg = Cp * Dy/f, the adjusted pipe length Ladj then is given by;
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In this program, the density and viscosity of the water at a certain

temperature are calculated from the following formulae (Ref. 3):

vis = 1.951 - 10=5 s70-909 (52 /q)

0.D5537

dens = 1237.16/T (kg/m3) .

B Computation method

The flowcharts for the programs are shown in Fig. 3-2, Fig. 3-3 and

Fig. 3-4.

3.2.1 Iteration method

An iteration loop using the Secant method (Ref. 11) is adopted in this
program to solve equation (3-2) for finding the temperature drop DT.

It has been proved that the iteration process converges rapidly.
Another iteration loop using the Newton-Raphson method .is provided
to solve the friction equations, (3-3, 3-4 and 3-5) which give the

friction coefficient values for different pipes.

Each of these two loops has been arranged into a subroutine. These

two subroutines are called "HLOSS" and "PLOSS", (Appendix B).

3202 Index P

The choice of the correct formulae for thermal resistance and
friction coefficient for different pipes are selected according to
the material of the pipe, the construction of the pipe line and its
insulation type. The input Index P instructs the computer to select

the correct formulae.

3.2.3 Output file

All the calculation results and some of the given values are stored
in the output file called "PIPES.OUT" and printout from the file

can be obtained (Appendix D).
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3.2.4 Limitation

The pressure losses calculated in this program are those due to
friction only and the pressure losses due to the differences in
altitudes are not taken into account. In cases when the latter must
be considered it should be calculated outside the subroutine, but in

the main program.

When the network to be computed is a closed loop, or in other woxrds,
the return water goes back to the same place as the water comes from
(e.g. coupled wells at the same altitude), the elevation will then be

cancelled.
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4 DISTRICT HEATING SYSTEM DESIGN TEMPERTURE: PROGRAM SDT

4.1 Theoretical basis

The concept of system design temperature is of major importance in
the design of a new district heating system (Ref. 12). The basic

theory of system design temperature is discussed here briefly.

It is well known that the energy consumption for heating is
approximately proportional to the annual degree days for a given
reference temperature. However, the important factor which affects
the maximum thermal energy regquirements a district heating system
has to meet is a consideration of the "cold wave". The cold wave is
the time period when the out-door temperature goes down considerably
below the system design temperature and it would bring the room

temperature down below the design value.

Heating systems are usually not designed to maintain the design room
temperature during the worst possible "cold wave" because it means
that the capacity of the system will be excessive. Instead the
common practice is to use a system design temperature rather than

a minimum outside temperature. The system's capacity is designed

for the system design temperature being somewhat higher than the
lowest temperature expected for the area where the system is to be
located. Thus, when the outside temperature falls below the system
design temperature, the room temperature may fall below the design
room temperature for a short time. The system design temperature must
be low enough in order to keep the room temperature above a predeter-

mined value, during the most severe "cold wave".

For the determination of the system design temperature it is necessary
to study the available climatic data of the area and estimate the
effects of the worst "cold wave" on the room temperature. In order

to evaluate the extent of cooling of buildings much research work has
been done (Ref. 12) and here the author uses some of these results to

develop a computer program.
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4.2 Calculation formula used

For rectangular "cold wave" of the form shown in Fig. 4-1, the

minimum inside temperature is reached at the end of the "cold wave":

Tmin = de(l-exp(-ato) } - (4_1)

In this expression is the minimum room remperature during the

Tmin
"cold wave"(°C) and Tgq is the depth of the "cold wave" as assumed
from the system design temperatuxe (°C), ty is the length of the
"cold wave", that is the time, for which the "cold wave" lastg, (day),
while a and b are constants, the meaning of them will be discussed

later.

In fact, there is unlikely to be any natural "cold wave" that appears
exactly like a rectangle. However, if there is a'cold wave" tempera-
ture record available based on observations made at intervals through-
out the day, the solution for a rectangular "cold wave" can be used.
Assuming that the outdoor temperatures between each two cbservations
are constant we get series of short-period rectangular "cold waves"

Fig. 4-2. For each period the following formula can be used:
T = Tlexp(-at) + sz(l—exp(—at)).

This formula gives the room temperature at any time in the period
where Ty is the room temperature ("C) at the beginning of the period
T, is the outside temperature ("C) at the beginning of the period
and t is the length of the period, its unit is (day) and for data
taken at M-times per-day, t = 1/M.

The two constants a and b in both formulae (4-1) and (4-2), are

characteristic values for the houses and are defined as:

b = DT/ (DT - TgtTip) (=)

= -1
a hc3' kq (day™ )

k1 = hgythep/(Tyy - Tgy

Here, T, is the design room temperature, T;, is the design room

9
emperature and hgq, hc2 and h,3 are constants for a given type of

houses, its typical values can be found from available reference
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books (Ref. 12).

DT, = DT ((Ty, = T)/(Ty, - Tgo)) 0.75

DIy = (Tgo~Tho) /109 ((Tgo-Tin) / (Tho=Typ))

Here, Tgo is the radiator system design temperature, (°C), Tigs
supply water temperature (°C), Tpo is return water temperature (°C),
DT, is the standard logarithmic mean temperature difference and

DTy is the L.M.T.D. at the system design temperature Tg-

From what is described abowve it is clear that the room temperature

T is a function of system design temperature T_, when the other values

9
are given.

After the minimum temperature for each period has been found, a
comparison of all the minimum temperatures gives the minimum tempera-

ture for whole of the cold wave T.;,. For different Tg the process

of finding Ty, is executed repeatedly, as a result a numerical

funtion relationship between T and T . is obtained and based on

g n

this result the optimum T, can be decided.

g

4.3 Computation method

4.3.1 Arrangement of input data

The cold wave data (the severe cold wave temperatures recorded) of

the considered area is fed into a special data file, thus this program
will be-able to deal with any existing recorded cold wave data for
different twewns, provided the data is edited according to the format
specified in the program. The data file is called "CWAVE.DAT"
(Appendix F) .

The house characteristic values and the system parameters are fed

directly intc the terminal as the program is run.

4.3.2 Calculation procedures

The flowchart for this program is shown in Fig. 4-3.
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In this program, all the main calculation procedures are arranged

in an outer DO loop, in which the supposed system design temperatures
(Tg) from O to -20°C is taken into consideration in sequence. For
each Tg' the room temperature at the end of each supposed short-period
cold wave (i.e. for each recorded cold wave temperature) is calculated
and compared with the former one to find the minimum room tempera-
ture for the whole cold wave. The calculation and comparison process
are arranged into an inner DO loop, which is included in the outer

DO loop mentioned above.

4.3.3 Determination of system design temperature

All the given values and the calculation results are stored in the

output file called "SDT.OUT". In the printout of the output file,
following each supposed Tg is the corresponding minimum room tempera-
ture. The latter is given with the cooled: down temperature (the difference
between the design room cooled temperature and the minimum room

temperature, and is a negative value).

As has been stated in 4.1, the system design temperature must be
low enough so that the room temperature can be kept above a pre-
determined value and it is usually agreed that the predetermined
temperature should not be more than 2 to 3 degrees lower than the
design room temperature. Based on this criteria the optimum T4

can be decided by scanning results.
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5 EXAMPLES OF USING THE PROGRAMS

The computer programs have been described in the preceding chapter.
In this chapter, two simplified design tasks have been chosen to
demonstrate what kind of problems can be solved by using these

programs and how to use them for actual tasks.

B g Calculation for Unity Lake District heating system in Beijing

5.1.1 Brief description of the task

For further development of geothermal energy utilization in Beijing
it is planned to construct an experimental geothermal district heating
system in the Unity Lake (Tangjiehu) area which is in an eastern

suburb of the city.

Two production wells are now being drilled and are planned to be
finished at the end of this year (1981). The water temperature in
these wells is expected to be about 55°C. In this area a well will
be drilled for a reinjection test and an observation well is to be
drilled for research purposes. The production wells are sited in

the residential area while the reinjection well is ‘about 1.2 kilometers
away from the production wells. In this area 100.000 m? of buildings
are to be heated using the hot water from the two production wells
(Fig. 5-1). 1In the present task the purpose is to use two of the
programs (DWPS and PIPES) for conditions similar to those expected
in Beijing. However, only limited information is available such that
several assumptions have to be made. These assumptions are selected
so as to be typical for geothermal energy in Beijing. An important
consideration is the flow diagram of the utlization system. For
illustration purposes a suggested scheme is selected to show how the

calculations can be done by using the programs.

5.1.2 Suggested scheme and preliminary calculations

The flow scheme of the supposed system is shown in Fig. 5-2. It is

based on the available data on the output and chemistry of the geo-
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thermal wells in Beijing (Ref. 1). The maximum discharge of the
production wells are assumed to be about 18 1/s. Heat exchangers

can be used in the utilization system because of the chemistry of

the geothermal water. Because a high water temperature at the outlet
of the heat exchangers can not be expected, boost boilers are needed
in the secondary water system to raise the water temperature to at
least 60°C before the water goes into the distribution system. The
building area is divided into two sections with a production well

in each one. The secondary water from the heat exchanger are
cross—-connected so that in summer time when the heat load is relatively
low, one of the geothermal water systems including well, pipeline,
heat exchanger and boiler can be shut down to allow a maintainance.

A preliminary calculation has been made for the secondary water
systems. The main parameters assumed and calculated are listed in

Table 5-1.

Table 5-1 Main parameters of the secondary water system

Item Unit District No.l District No.2

. , 2 % %
Heating Requirement (W/m=) 58 58
Building Area (m2) 60,777 46,823
Total Heat Demand (MW) 35,25 27,15
Temp. of Supply Water (el 60 60
Temp. of Return Water =) 30 30
Water Flowrate in Secondary

Water System (1/s) 28,0 21,6
Temp. of Geoth. Water before

Heat Exch. & ab) 55 55
Temp. of Geoth. Water

after Heat Exch. (°C) 35 35
Temp. Diff. of Secondary

Water in Heat Exchanger ("C) 12,8 16,8
Temp. of Secondary Water from

Heat Exchanger (C) 42,8 46,8
Temp. Diff. of Secondary

Water in Boiler (') 17,2 13,2
The Load of Heat Exch. (MW) 15,05 15,08
The Load of Boiler (MW) 2052 27l

*Based on the design rule for the city
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The pipes for geothermal water from the wells tc the heat exchangers
are designed to be prefabricated polyurethane insulated steel pipes.
The pipes for the reinjection water from the heat exchangers to the
reinjection pump are asbestos-cement pipes. All the pipes are buried
in the ground at 80 cm below surface and with 20 cm sand layer around

the pipes.

5.1.3 Calculation for the geothermal water pipelines

The main calculation procedure using the program PIPES is to edit the
input data file. The first line of the input data file includes the

three values:

1. The ambient air temperature, TAIR: - 12,0 (°C)
2. The thickness of the sand layer, H1: 20,0 (cm)
3. The thickness of the soil layer, H2: 60,0 (cm)

From the second line downwards are the parameters for the pipes.
The table 5-2 is the data for the pipes and the corresponding number

for each pipe should be referenced to Fig. 5-2.

Table 5-2 The parameters of the pipes

Item Symbol Unit Pipe No.l No.2 No.3 No. 4 No.5
Inner dia. of pipe D1 (cm) 15.0 20.0 15.0 20.0 25.0
Outer dia. of pipe D2 (cm) 15.9 24.0 15.9 24.0 29.0
Outer dia. of the

1st insulation D3 (cm) 15.9 24.0 15.9 24.0 29.0
Outer dia. of the

2nd insulation D4 (cm) 2%.9 24.0 21.9 24.0 29.0
Outer dia. of the

protecting pipe D5 (cm) 22.9 24,0 22.9 24.0 29.0
Length of the pipe PL (m) 50.0 110.0 85.0 150.0 1200.0
Adjusted length

of the pipe PLA (m) 65.0 130.0 100.0 170.0 1225.0
Water temp. at the

inlet of the pipe TST (") 550 35.0 55.0 35.9 350
Flowrate 0 (1/s) 18.0 18.0 18.0 18.0 36.0

Index B (=) 0.0 1.0 0.0 1.0 1.0
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In editing this data table, some assumptions are made for simpli fi-

cation, they are:

1. There is only one elbow in each pipe, the equivalent pipe length
length of which is about 10D1. This value has been added to
the pipe length to get the adjusted pipe length.

2. The temperature drop in the pipes is relatively small, so for
the calculations of the three asbestos pipes, the inlet water

temperature is 35°C.

The well head pressures (that is the inlet water pressures of pipes

No. 1 and No. 2) are calculated as:

PHl = Pr +DPy + IZ)P‘,l + DP2 + DPg

PH, = P, + DPy + DP, + DP4 + DPg

Here, PHy and PH, are the well head pressures of the two production
wells respectively, P, is the water pressure at the inlet of the
reinjection pump and is designed to be about 0.2 bar, DPp is the
pressure drop of the geothermal water in the heat exchanger and is
assumed to be about 1 bar and DP] to DPg is the pressure drop for

each pipe respectively.

The input data file for this task is shown in Appendix D.

After having edited the input file, the program resultant PIPES with
subroutines HLOSS and PLOSS is run and the resultant printaut is
shown in Appendix D. In the printout, besides the given values,
there are the calculation results for heat loss (THL), temperature
drop (DT) and pressure drop (DP) for each pipe. Furthermore, the
well head pressures needed have also been given by the calculation

result.

5.1.4 Calculation for deep well pump selection

The pump data files which are edited for FLOWAY 6 and 8 inches wvertical
pumps and are named DATAP6.DAT and DATAP8.DAT are shown in Appendix
E. The data files edited for Well No. 1 and Well No. 2 are also
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shown in Appendix E,which are called DATAW1 and DATAW2 respectively.
In the well data files the values for the flow coefficients of the
wells are assumed values. The well head pressure values are taken

from the result of the pipeline calculation.

After the input data files having been edited the program DWPS is run

and the result is printed out as shown in Appendix E.

B il System design temperature for a town

5:2 Brief description of the task

The parameters of the district heating system of some town in north

China are assumed as:

Supply hot water temperature: : 60°C.
Return water temperature: 30°C.
Design rcom temperature: 18°C.

Design outdoor temperature for radiator system: - 12°C.

The house characteristic values are assumed as:

HC1 = 2.4, HC2 = 3.0, HC3 = 0.22

The worst severe "cold wave" data recorded in the history is

assumed to be:

Number of obsexvations per day, M = 8

Number of temperatures recorded, N = 40

The temperatures recorded in sequence are:
=1:1 =29 =3:9 =48 4.6 =65 =73 =8.7
-12.5 -14.6 =-16.0 =17.0 =-18.3 =19.2 -18.9 -16.9
-18.3 -18.3 -18.0 -19.4 -19.8 -20.0 -17.4 -14.9
-16.3 -15.2 -16.4 -16.5 -15.6 =-14.0 =-13.9 -10.3
-9.8 -7.9 -6.2 -5.3 -4.6 -3.4 -2.1 -0.8

The task is to evaluate the cooling down temperatures and decide the

system design temperature for the town.
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5.2.2 Calculations

The data listed in 5.2.1 have been edited into the input data file
named CWAVE.DAT, which is shown in Appendix F. The program SDT is
run, the result is given by the printout of the output file Appendix
F.

5.2.3 Interpretation of the calculation results

The system design temperature must be selected low enough so that the
maximum cooling of the building during the cold wave will not lower
the inside temperature more than 2-3°C below the design value. From
the tabulation of the calculation result it can be concluded that
-11°C should be the reascnable value to be adopted as the system
design temperature for the town if the cooling down of inside
temperature selected is -3°C and a lower temperature, -13°C should be
used as the system design temperature if -2°C is allowed. It is

also obvious that -12°C could also be used as the system design
temperature for the town since the corresponding cooling calculated

is =2.6°C.

6 DISCUSSION AND CONCLUSION

The computer programs described in this paper can be used for solving
some of the calculation topics in low-temperature geothermal exploit-
ation. All the calculation formulae used in the programs are based
upon theoretical or empirical studies.The precision of the calculation
results are high enough for engineering purposes, though simplifacation
has been made in creating these programs. The calculation examples

demonstrate that they are effectual.

Being a preliminary study of the use of computer program in geothermal
engineering, there must be shortcomings in the programs which need

to be improved. In addition, these programs should be considerd as a
framework which can be extended to more complex problems. Further

developments should include cost studies so that an overall
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optimisation program could be available to aid the effilcient

economic design of a geothermal utilization system.

In China the use of the computer as a design aid for the utilization
of geothermal energy should be developed. This report focusses on
one aspect i.e. low-termperature utilization and demonstrates the
good applicability of computer work in such development. To use
these or other computer programs in actual tasks in China, a collec-
tion of up-to-date data relating to pumps, pipes, fittings and other
equipment throughout China needs to be done. It may be meaningful
to use program SDT to estimate the system design temperatures for
different towns in northernChina and compare the results with the

currently used values.
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APPENDIX A: Program DWPS and Subroutine Program SUBFLOW



FORTRAN IV-PLUS ¥3.0-3 18317154 24-5er-B1 Fage |
DWPS, FTNISS /TRIBLOCKE/WR
C PROGRAM DWPS.FTH
C PROGRAM FOR DEEP WELL PUMP SELECTING CALCULATION.IT CAN BE USED FOR

0001
000z

0603
0004
0003
0006
0007
0008
0009
0010

0011
0012
0013
foi4
0015
0018
0017

Qo1
0019

0020
0021

0022
0023
0024

0023
0026

Q27
noze

0029
4030

FLOWAY VERTICAL PUMP (BIZES: 6-12 INCHES ), THE PARANETERS OF THE
PUNPS HAVE BEEN STORED IN INPUT DATA FILE (DATAP.DAT) AND THE WELL
DATA NEED TO BE EDITER INTO ANOTHER INPUT FILE (DATAW.DAT).

s =Ny

COMMON /RLOCK/ SIZEs@s@NaXsYsX1s¥1ad2eY20FLOLIFLERs
1 FHoWKN WKV IENS e 49 Bo CLoCONBT o PIHO o NZ
BYTE FILNAK (32)
C INPUT THE NAME OF THE PUMP DATA FILE
TYPE 10
10 FURMAT (7 PUMP [ATA FILE{'s8)
ACCEPT 12+ IQsFILNAN
12 FORMAT (Qs324a1)
HRITE (5+2) FILhak
2 FORMAT (* '»2241y
FILNAM(I@41)=0
OPEN {UNIT=1,HeaME=F [LNAMTYPE="0LD' sREADONLY)
C INPUT THE NARE OF THE WELL DAT® FILE
TYPE 20
20 FORMAT (* WELL DATA FILE!'s%)
ACCEPT 12+ 102FILNAN
BRITE (5s4) FILNAN
4 FORMAT (* *»3281)
FILNAM(IO+1)=0
OPEN (UNIT=2,NAME=FILNAM: TYPE=/0L0' JREADONLY)
C READ DATA FROM PUMP DATA FILE
READ (121000 SIZEDCTsDEQ)DSHAFsACIAMsX1sX26Y10Y2y
i AsBaCrla XX e YY1 UBHAF y WINP s ASHAF o L RPMSEXMOT « TK+HPR
1000  FORMAT (F10.5)
C READ DATA FROM WELL DATA FILE
READ (2520003 WNAMEsPA»TEMPsPE2DENSWKVIFLTLFLE2 1 WKNMYHSAFE s PHG0
2000  FDRMAT (F10.5)
C CREATE AN DUTPUT FILE
CALL ASSIGN (3,DWPS.0UT')
C WNRITE HEADING LINES
WRITE (35100)
100 FORMAT (* ‘530¥s"THE RESULTS OF CALCULATION'/
1 30¥s ‘FOR SELECTING DEEP WELL PUMP‘//)
C WRITE GIVEN VALUES
WRITE (35102) RNARZPASMKYTEMPDENSSPS.G0
102 FORMAT (20X ‘GIVEN VALUES:’/
30%s“THE NAME OF THE WELLM‘sF&.2/
304s ‘ATHOSPHRIC PRESSURE! "»F6.2s ‘BAR'/
30%s “WATER LEVEL BELOW SURFACE:/sF&,2s°N'/
BOXI)WU OF HﬂTER:’:Fé.zr‘C‘f
30%s "DENSITY OF WATERT“»F6,2y ‘KG/CUBN//
30Xy *SATURATED PRESBURE: “«F &2 'BAR" /
J0Xs "FLOWRATE ORDEREDT“9F&.2,°L/8"/)
WRITE (321043 FLLCLsFLC2sPH
104 FORMAT (30Xs‘FLOM COEFF. OF THE WELLS"aF&, 2+ 'W/LLISI/
1 S4KsFb 4 ‘H/BR. (LS T/
2 30Xs 'PRESSURE AT WELL HEAD: “sF&6.2: ‘BAR‘//)
C CHECK THE MaX. DROW DBOWN
WKN=FLO1RG0+FLOZER0%E2
IF (MKN 6T, WKNM) 60 TO 30

~ O~ o] e L R e

- 49 -



- 50 =

FORTRAN IV-PLUS V3.0-3 16317354 24-Bep-B1 Fage 2
DHPS, FTNISS /TRIBLOCKS/NR
G031 60 70 40
0032 30 TYPE 32
0033 1 FORMAT (* '4/THE DROW DOWN IS TOO MUCH TO BE ALLOWED,/
1 YOU SHOULD DECREASE THE ORDERED FLOWRATE!®)
0034 STOF
C ITERATION CALCULATION FOR BESIGN THE COLUMN LENGTH AND NUMBER OF STAGES,
C GIVING THE INITIAL VALUES OF COLUMN LENGTH AND FLOWRATE
0I5 W 0=60
C CHOBSE THE CORRECT CONSTANTS FOR PUMP CHARACTERISTICS
(035 IF (Q-GN) 5030460
03 ¥=X1
0038 Y=Y1
0037 60 70 &5
040 &0 1=X2
0041 Y=y2
Q042 65 SUENFRKVENBAFES20,
( DECIDE NUMBER OF STAGES OF THE PUMP
0043 CONST=(DCI%,01)%22-(DEOX. H1) 042
0044 70 FU=,0826E-6% (DENS/CONST ) RG¥32
(043 FR={AT0RERIR0LE, 0L
0044 TDH=10, 208PH# (RKN+WKY) XDENS/1000 , +PV4FF
0047 PIHD=X-THB
{048 NZ=TDH/PDHD+L)
C UBE SUBROUTINE TO CALCULATE FLOWRATE
o047 B0 CALL SUBFLO
4050 NPSHR=C+Dk0
0051 HRIN=10000 % (PS-Fh ) /DENSHNPEHRINZ
0052 BKN=FLCLEOFLC220k2
0033 CLMEW=WKNUKVHHRINTHSAFE
£ CHECK FOR COMPLETION
(034 IF (ABS(CLNEW-CL} LE+ 1) GD TD 130
0053 CL=CLNEW
0056 60 10 80
@057 180 PV=.0826E-5% (DENS/CONST ) kDX12
0638 PF=(AX0KXRIECLE 0L
0e3% TOH=10, 24PH (BKN+RKV Y RRENS/ 1000 $PVFF
C BRITE RESULTS
(080 WRITE (32160) BIZEsNZsQsTOH:DCIsCLoDBHAFSDED
0hsl 180 FORMAT {20Xs‘PARANETERS OF THE PUMP CALCULATED'/
1 30Xs "TYPE OF THE PUNPI‘+Fé.2/
2 30Xs ‘NUMBER OF STAGES: s 14/
3 30Xy 'FLOWRATE CALCULATED: 9F8,25'L/8"/
4 30X« "TOTAL DYNAMIC HEADL'sF&.24°H/
b 30Xs ‘COLUMN DIAMETER: F642s "CH'/
6 30%» 'LENGTH OF COLUKNS'sF&,25"H"/
7 30X ‘DIAMETER OF SHAFTI'oF8,2 0N’/
8 30Xs ‘DIAMETER OF ENCLOSING TUBEL'F8.2¢'CH'//)
C CALCULATION TOTAL THRUST
00a2 « TA=TOHXTK/, 3048
0043 WE=(CL/ 3048 ) ¥WBHAF +NZRRIHP
(064 TT={TA+NS) %4, 448
L CALCULATING ENLONGATION
4083 ER=(TAKCL) / (ASHAFX,27E7)
C CHECK IF THE ENLONGATION IS ALLOWED
PITS IF (E# .BE. AC) GO TO 200

0087

G0 70 300
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DWFSFTNISS JTRABLOCKS/WR
(ose 200 TYPE 202
0087 202 FORMAT (' "»'THE ENLONGATION I5 GREATER THAN ALLOWED YALUE,CHANGE THE
1 SHAFT BIZE!")
0070 §TO0F
C CALCULATE NOTOR CAPACITY NEEDED
C CHODSE THE CORRECT CONSTANTS
o710 EXP=XX$7YHQ
0072 PHY=QKTDHIDENS/ ( , 7SESRERF)
0073 PLOSS=CLRUL/30,48
0074 BLOBS=TTARPHE1 \67E-B
0073 FSHAF T={FRY+PLOSS+BLOSS )R, 745
C CHECK THE SHAFT HORSEROWER RATING
0076 IF (PBHAFT BT, HPR) B0 TG 310
0077 80 TO 400
0078 110 TYPE 312
0079 3i2 FORMAT ( “+"SHAFT HORSEPDMER IS GREATER THAN ALLOWED VALUE/
i CHANGE THE SHAFT DIAMETER! ")
2080 400 FMOTOR=PSHAFT/EKMOT
C STANDARDIZATION OF THE MOTOR CAPACITY
0081 IF (PHOTOR LT, 4.8) PHS=4.8
0082 IF (FHOTOR 6T, 4.8 .AND, PHOTOR ,LE, 10.) PM8=10,
0083 [F (PKOTCR »ET» 10, (AND. PHOTOR LLE. 20.) PMB=20,
0084 IF {PHOTOR +6T. 204 AND. PMOTOR JLE, 30.) PHB=30,
0083 IF (PNOTOR 6T, 30, .AND. PMOTOR .LE, 40.) PM3=40.
Dogs IF (POTOR 67, 40, +&ND. PHMOTOR JLE. 50.) PHS=30.
C WRITE RESULTS INTD THE QUTPUT FILE
0087 WRITE (3.500) EAsACTTsPBHAFT sPHOTORSPHS
0088 500 FORNAT (30X»'ENLONGATION OF THE BRAFT: »Fés2s ' INCH'/
i J0Ks‘AXIAL CLEARENCED“sFé42s"INCH'/
2 I0%s “TOTAL THRUET! sF8,20'N'/
3 30X "SHAFT HORSE POWER: "sF&.2¢ KR’/
4 30Xy ‘CALCULATEDR MOTOR CAPACITYS'sFa.2y ‘Ki'/
3 30X+ STANDARD MOTOR CAPACITYLI?sF&,2y ‘KM'/)
0089 sT0p
0050 END

- 51 -
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SUBFLO,FTN#30 STRIBLOCKS/WR
0001 SUBROUTINE SUBFLO
0002 COMMON/BLOCK/SIZE s Q@M o Yo X1 Y15 X 28 Y25 FLCTFLED s
1 PHe WEN s WKV DENS A2 BaCLaCONST 4 POHOSNZ
L CHOOSE CORRECT CONSTANTS
03 10 IF (G-0M) 12412514
0004 12 %=1
0005 f=Y1
0604 G0 70 3
0007 14 %=X2
0008 ¥=12
0008 60 TO 30
L ITERATION FOR FLOWRATE
0010 30 PDHO=X~YkQ
0011 WKN=FLC1RQHFLO2NRRR2
0012 Z=PHELD . 24 (BKNTRIV) KDENSR, 001+ (ARGRKE) XCL/100, +, 0B24E -6k { DENS/CONST)
1 RERE2-FIHORNZ
0013 ZD=FLC2ANENSE, 2004 , 1652E-4% (DENS/CONST ) R3+0LLBRRLR (B~1. )
1 $FLCIXDENSY.1
0014 ANEW=0-2/2D
T CHECK FOR COMPLETION
0015 IF {ARS(GNEW-B) .LT. 1,) GO TD 40
C OTHERWISE CONTINUE THE ITERATION
0016 G=0NEW
0017 80 TO 10
0018 40 WRITE (5450)0sGNEW
0018 5 FORMAT (' '92F15.8)
0020 =QNEW
0021 RETURN
0022 END



APPENDIX B: Program PIPES and Subroutine
Programs HLOSS and PLOSS
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PIPES,FTNi4S /TRIBLOCKS/WR

0001 PROGRAM PIFES

(002 COMKON/BLOCK1 /D29 025 D45 DSy HI s H2 TAIRSCP s DENSs PLy THLHL

0003 COMNON/BLOCK2/D1, TSTARTDT:F 8

0004 CONMOM/BLOCKI/PLASPLS

0005 BYTE FNAKE(32)

Q004 TYPE 10

0007 10 FORMAT(’ 9/ INPUT FILEL's8%)

008 ACCEPT 12y I0sFNANE

000 12 FORMAT (Qs3281)

0010 FNARE(IQ+1)=0

0011 OFEN(UNIT=1 s NAKME=FNAME s TYPE="OLD' yREADONLY)

0012 CALL ABSIGN(2s"PIPES.OUT")

0013 READ(1y20)TAIR H1sH2

0014 20 FORMAT{12F8,3)

0015 WRITE(Z230)TAIRsHLsH2

0016 30 FORMAT(" “+20Xs ' THE CALCULATION RESULTS OF HEAT AND PRESSURE LOSS'//
i * *320Xs’AIR TEMPERATURE!'/F8.3/
2 © #y20%» 'THICKNESS OF THE SAND LAYER:'1FB.3/
3 / “520%s ' THICKNESS OF THE SOIL LAYER:’sF8,3/
< AT 08Ky D2 9oXy “DT wbXo ' DA7 s 6Xs "DG" s8Xs "PL v 8Xs 'PLA  98X»
SR bR P b (TET o 8K ‘DT o AR DR 9 8Xe ‘HLE /)

0017 PR=0,2

0018 POH=1.0

0019 PH1=0,0

0020 PH2=0.0

o021 IO 100 I=1,100

0022 READ (19205END=200)D1,D2s03204:05sPLsPLAIQsF+ TETART

0023 CALL HLOSS

(024 WRITE(5s52)DTsTHLsHL

0025 82 FORMAT(20%s 'IT="sF 15,60 'THL=' sF 15,60 ‘HL="»F15.8)

0024 CALL PLOSS

0027 WRITE(S:54)PLS

0o M FORMAT (20X "PLE=1F15.8)

0029 WRITE(2s58)D1+D2sD3sD4s 05 PLIPLAs Qs P TETART s DTsPLSs THL

0 58 FORMAT(SFB,353F8,2:3F8,3: 2F 10,3/)

0031 IF {1 EQ+ 1 JOR. I +E@. 2 ) GO TO 7t

0032 IF (I +EQ+ 3 JOR. I JEG@, 4 ) 6O TO 72

0p33 IF (1 EQ. ) GO TO 80

0034 71 PH1=PH1+FLS/1.ES

0035 60 10 100

0036 72 FH2=PH24PLB/1,ES

0037 60 TO 100

0038 80 PHI=PHIFPLE/1.ES

0032 PH2Z=PH2+PLS/LLES

0040 100 CONTINUE

0041 200 PH1=PRI+PRIPIH

Q0042 PH2=PH24PR+PDH

0043 WRITE(Ss210)PRI+PH2

0044 200 FORMAT (3X» 'PH1="sF 15,6+ 5 ‘PH2=" sF15.8)

0045 WRITE(2+2201PH1,PH2

004 220 FORMAT (21X ‘WELL HEAD PRESBURE FOR WELL NO.1sPHi=‘yFB.432%s ‘BAR'/
i 21%s “WELL HEADR FRESSURE FOR WELL NO.2sPH2="sF8.4,2%s ‘BAR)

0047 arOPR

0048 END

- 55 =
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HLOSE.FTNi 30 /TRIELOCKE/WR
(001 SUBRDUTINE HLOSS
C SUBROUTINE TO CALCULATE HEAT LOSSES FROM SURFACE OF FIPES AND TEMPERATURE
C TROP OF WATER IN HOT WATER PIPELINES
0002 COMMON /BLOCK1/D2s03204sD5sHI9H2s TAIRsCP s DENSsFLs THLsHL
0003 COMMON /BLOCKZ/I s TETART «BT+Ps0
C GIVES THE VALUES OF THERMAL CONDUCTIVITIES FOR DIFFERENT MATERIALS
4004 TCPC=1463
0008 TCINS1=,040
0004 TCING2=,033
0007 TERT=440
G008 TC8L1=,31
0009 TC8L2=1.45
0010 CP=4188,
C IF THE PIPE 1S ABBESTOS-CEMENT PIPEsTHE THERMAL RISISTANCE OF THE PIPE WALL
C NEEDS TO BE CALCULATER
0011 IF (P JEQ, L) BOTO S
0012 IF (P WNE, 1,0) RP=0.0
0013 G0 TO 10
C CALCULATE THE THERMAL RISISTANCE OF ASRABTOS-CEMENT PIPE WALL
0014 8 RP=ALOG(DZ/D1)/(6.28328TCPC)
0015 RING=0,0
001¢ 60 TO 20
C CALCULATE THE THERMAL RISISTAMCE OF INSULATION LAYERS
0017 19 RINS=ALOGIDI/D2)/ (6,283 HTCINSL) +ALOGI D4/D3) / (4, 28325TCINSD)
C CALCULATE THE THERMAL RISISTANCE OF PROTECTING COVER
o018 RPT=ALOG(D5/D4)/(6,28324TCPT)
C CHECK THE PIPE IS IN OPEN AIR
001y 20 IF (H1 WNE, Q.00 GO 70 28
0020 IF (K1 JEQ+ 0.0) RSL=0.0
4021 60 TO 100
€ CHECK THE DEPTH OF BURYING TO CHODBE THE CORRECT FORMULA
0022 25 IF ((H1+H2) LE, D5) GO TO X0
0023 IF ({H14H2) ,GT, D3) B0 70 40
0024 30 RATIO=(Hi+H2+,3%031/83
0026 60 70 160
0027 40 U=AL0B( (4, 8H1+2,8D05) /053 /(6,28328TC3L1)
(028 Y=H2/{12, 5684 (H1+, SRDGIRTCRL2)
0029 RBEL=U+V
6030 G0 TO 100
C CALCULATE THE TCTAL THERMAL RISISTANCE
0031 100 RTOT=RP4RINSHRPT+REL
C ITERATION CALCULATION (SECANT METHOD) TO FIND OUT THE TENPERATURE DROF»
C TOTAL HEAT LOSSES AND AVERAGE HEAT LOSS PER ONE METER OF PIPE
0032 BTo=10,0
0033 BT1=0,05
0034 DENS=1,237/TSTARTRE 033347
0033 200 Y0=DTO¥CPARKDENS-DTE/ALOGL (TSTART-TAIR) / (TSTART-TAIR-DTO) ILPL/RTOY
0035 Y1=DT1RCPYRXDENS-LTL/ALOGL (TETART-TAIR) /{TSTART-TAIR-DT1) JRPL/RTOT
0037 DTZ=(YLERTO-YORDTLI/(YI-Y0)
0038 Y2=DT24CP3ORDENS-DT2/AL OB (TEYART-TAIR) /(TBTART-TAIR-DT2) YRPL/RTOT
0039 IF (ABS{DTI-DT2) JLT. .01) GO 7O 300
0040 OT0=071
0041 DTi=0T2
0042 60 TD 200
0043 300 DT=072
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HLOSB.FTNI30 /TRIBLOCKE/WR

G044 THL=DTXCPYREDENS

0045 RL=THL/FL

004s RETURN

0047

END

Fage 2
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PLOSS.FTN: & /TRIBLOCKS/WR

0001 SUBROUTINE PLOSS
C SUBROUTINE TG CALCULATE PRESSURE LOSSES OF WATER IN PIPELINES.
C THE VISCOSITY AND DENSITY ARE CALCULATED AS FUNCTIONS OF AVERAGE
C TEMPERATURE OF THE WATER. FRICTION COEFFICIENT (F) FOR BOTH COPPER
C AND PLASTIC PIPES IS CALCULATED FROM MODIFIED VON KARMAN EQUATION
C WHILE THAT FOR ASBESTOS-CEMENT PIPES AND STEEL PIPES IS CALCULATED
C FROM COLEBROOKS FORMULASSETTING 05 WM AS THE ROUGHNESS OF THE
C ASBEBTOS-CEMENT PIPES AND ,025 FOR STEEL PIPES,
C

0002 COMMON /BLOCK2/D1sTSTARTSDTsP4

0003 COMMON /BLOCK3/PLASPLS
C CALCULATE REYNOLDS NUMBER

0004 VEL=12,7334/D1%42

0005 TAY=TSTART-3XRT

0006 VI8=1,9018E-0/ (TAVEE, 509054)

0007 RE=VEL¥D1/(VI5%100.)
C CHOOSE THE CORRECT FORMULA FOR PIPES WADE OF DIFFERENT MATERIALS

0008 IF (P JEQ, 1,) GO TO 10

0007 IF (P +EQ, 2,) GO TD 20

0010 IF (F +EQ, 04) GO 7O 30
C CALCULATE FRICTION COEFFICIENT £ BY USING NEWTOM-RAPHEOM METHOD
C FOR ASBESTOS-CEMENT PIPES

0011 10 F=4001

po12 1 Y=1,/FE%, 542, RAL0G10(2, 51/ (RERF &%, 52 +,00135/D1)

0013 Yh=,5/F ekt JBR0LL 42, 1802/ (RER( 001 35/D442, 51/ (RERFRX,5)) )

0014 FNEN=F+Y/YD

0013 IF (ABS(FHEW-F) LT, »1E-5) G0 70 160

(01a F=FNEW

Q017 60 TO 11
C FOR BOTH COFPER AND PLASTIC PIPES

colg 20 F=.001

019 2 Y=4, KALOGIO (RERF N, 5)-FRR(=,5) =4

0020 Yi=, B688/F 1, D/F¥KLLD

0021 FNEW=F-1/YDl

0022 IF (ARS(FNEW-F) LT, .1E-3) GO 70 100

0023 F=FNEW

0024 G0 70 21
C FOR STEEL PIPES

0023 30 F=, 001 .

0028 3 Y=1,/F¥%, 542, %AL0GI0(2, 51/ (RE¥F 4, 5) +,000474/D1)

0027 ¥B=.5/F 881, 58(1,42,1802/ (RER( . 000674/0142,51/ (RE¥FEX.5))))

0028 FNEW=FY/YD

0029 IF (ABS(FNEW-F) LT, J1E-B) 60 70 100

0030 F=FNER

0031 60 TO 31
C CALCULATE PRESSURE LOSSES

0032 100 ADENS=1237,16/TAVRE, 035367

4033 PLB=30, RFRADENSRVEL £¥2¥PLA/DI

2034 RETURN

0033 END
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SDT,FTN#Z1 JTRIBLOCKSAUR

0001
0002

0003
0004
0005
0008
0007

0009
001y
0011
0012
0013
G014

0013
0018
0017
o018

0019
0020
0024
0022

0023

0024
0023

0026
0027

0028
0029
0030
0031

¥ PROGRAM SDT

L PROSRAM TO ESTIMATE THE EFFECT OF A4 COLD WAVE ON THE INDOOR TEMPERATURE

C OF BUILDINGS., FROM THE RESULTS COMPUTED THE OPTIMUN SYSTEN DESIGN TEMPERATURE
C CAN BE DECIDED, THE FORMULA USED FOR CALCULATING THE COOLING

C OF HOUSES I8 BUITABLE FOR & RECTANGULAR COLD WAVE, BUT THIS PROGRAM CAN BE

C USED FOR ANY TYPE OF COLD WAVESIRECTANGULARs TRIANGULAR AND IRREGULAR TYPES,
C THE COLD WAVE TEMPERATURE DATA ARE BASED ON M-TIMES-PER-DAY{24/M-HOURLY)

C OBSERVATION, IT IS ASUMED THAT THE TENPERATURES BETWEEN EVERY T

( OBSERVATIONS ARE CONSTANTS.FOR EACH SYSTEM DESIGN TENPERATURE CALCULATES

C CORRESPONDING MINIMUM INDODR TENPERATURE IN THE FERICD OF THE COLD WAVE,

C THE COLD WAVE TEMPERATURE DATA HADl BEEN EDITED IN TO THE INPUT FILE

C BEFORE RUN THE PROGRAN.

c

DIMENSION T(54):7G(25)
BYTE FILNAN (32)
C INPUT COLD WAVE BATA FILE
TYPE 10
i FORMAT (“ “»'COLD WAVE DATA FILE} s%)
ACCEPT 11,I0sFILNAK
il FORMAT (Rs3241)
FILNAM(IO+1)=0
DPEN (UNIT=25NANE=FILNANs TYPE="0LD' sREADONLY)
C READ COLD WAVE TEMPERATURE DATA FROM INPUT DATA FILE
REAL 12+12) NsM
12 FORMAT (I8}
B0 14 I=1.N
REAB (2:13) T(D)
13 FORMAT (F10.2)

14 CONTINUE
C INPUT HOUSE CHARACTERISTIC VALUES ON TERMINAL
TYFE 20

20 FORMAT ¢/ ‘5 "INPUT HCIoHC2/HCE! 58)
ACCERT 22sHC1sHC24HCT
22 FORMAT (3F10.8)
{ INPUT DESIGN CONDITIONS ON TERMINAL
TYPE 30
30 FORMAT (“ “9"INPUT TFDsTHOsTINGs TGOL9%)
ACCERT $2/TFOsTBOsTING, TGO
32 FORMAT (4F4,2)
€ SET UP AN OUTPUT FILE
CALL AGSIGN {1, 'SDT.OUT")
£ WRITE COLUMN HEADING
WRITE (15500)
300 FORMAT (* '435Xs/THE COOLDOWN TEMPERATURE TMIN '/30Xs“AS A FUNCTION OF
1 BYSTEM DESIGN TEMPERATURE T6°/)
C WRITE THE GIVEN VALUEB
WRITE (1:600) MsN
800 FORMAT (* ‘+28Xy“THE COLD WAVE DATALY/
1 30X+ NUMBER OF OBSERVATIONS PER DAY M='sI3/
2 30%s‘NUMBER OF TEMPERATURES N='413/
3 10Xy 'THE TEMPERATURE DATA RECORDED ARED'/)
WRITE {1s700) (T(I}:I=1sN)
700 FORMAT (24%s5F10.2)
WRITE (1s800) TFOsTROsTINGsTEOsHC1sHCZoHO2
800 FORMAT (70*s28%s‘DESIGN HOT WATER TEMPERATURE TFO="»Fé,2s2%s'C'/
i 30X *BESIGN RETURN TEMPERATURE TBO='sF&8.2+2Xs L7/

= Bl =
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SDT,FIN#21 /TRIBLOCKS/WR
z 30X ‘DESIGN ROOM TEMPERATURE TIND="sF&,2+2Xs L'/
3 30X "RADIATOR DESIBN OUTDOOR TEMP. TGO="sF&,252%:°C'7
4 30Xy 'HOUSE ChARACTERISTIC VALUES:'/

(032
£033

0034

0035
0036
00%7
0038
0039
0040

0041
0042
0043
0044

0045

0046
0047
0048
0049
0050
0031
0052
0053
0034
0055

0056
0037
0058
0057

3 34Xs ‘HCL=" oFB. 40 2Xs ‘HC2="4F8, 40201 'HC3="FB,4/)
WRITE (1,1000)
1000 FORMAT (7 "928Xs ‘TB's10ds "8 o104 ‘B 5124 "THIN5/)
£ CALCULATE THE STANDARD LOGARITHMIC NEAN TEMPERATURE DIFFERENCE
DTH0=({TFO~TROS/ALOGL(TFO-TING) /(TBO-TIND))
G0 IN TO THE DO LOOPsCALCULATE MEAN TENM,DIFFERNCES: As ReAND
FIND OUT MIN.INDODR TEMFERATURE FOR EACH DESIGN QUTDOOR TEM.TG
DO 300 J=1s21
T8{J)=={J-1)
DTM=DTHOKS { TING-TGJ) ) Z/(TIND-TGO) JH8, 70
B=DTH/ (DIN-TBLI4TIND
HK=HC1+HC2/ (TIND-TG(J))
A=HCIHHK/B
C SET THE INITIAL CONDITIONS
Ti=0,
T2=0,
THIN=C,
D0 200 I=1:N
C EXCEPT TEM.POINTS ABOVE TG FRON CALCULATION
IF (T(1).6T,7640)) 60 T8 200
C CALCULATE THE TENPS, AT THE ENR OF EACH PERIOD
TO=TISEXP(~&/NI+RR(T(TI-TEC 301 ~EXF (-R/M))
IF {70 LT, T11 B0 TO 160
IF (T1.67.72) G0 7O 100
IFC(TO4+T2-2,8T1)  NE.0.0) TH=T1=(TO=T2)¥82/(8,2(T0+T2-2,371))
IFC(TD4T2-2,4T1) EQ.000) TH=TE
IF (TH.GE,THINIGD 70 100

20

THINSTH
00 T2=Tt

11270
200 CONTINUE

C WRITE THE RESULTS INTO THE QUTPUT FILE

BRITE {15230 TG(J)sAsB:THIN
250 FORMAT{274sFSs 1o 3RaF 8 69 5XsFB469BXaF1048)
300 CONTINUE

STOP

LY



APPENDIX D: Input Data File for Program PIPES and
a Printout of the Calculation Results



'12!!20;!600!
150013:815,9:21 r?!ZZ;?!EOHéSHlS.!0;0!55}!
20;:24»;24.:24.;24,.-110;1130.:1&;1 .B:35n
15,315,9515.9921,922 +7083,5100,3518,50,0558»
204328, 524+924,924,5150: 9170, 518424,0: 350 s
25:129232949294329,01200,91225, 434+ 51,05 354 s

n
15.000
20,000
13,000
20,000

25,000

oz

13.%00

24,000

15,700

24,000

29,000

Input data file for program PIPES

THE CALCULATION REBULTS OF HEAT AND PREBSURE LOBS

AIR TENPERATURES -12,000
THICKNESS OF THE SAND LAYERD 20,000
THICKNESS OF THE SOIL LAYERY 40.000

b3
15,900
24,000
15,500
24,000

29,000

WELL HEAD PRESSURE FOR MELL NO.1sFHI=
WELL HEAD PRESSURE FOR WELL NO.2.PH2=

04 U FL FLA i
21,900 22,900 S0.00 65,00 18,00
24,000 24,000 110,00 130,00 18,00
20,960 22,900 BUL00 100,00  18.00
24,000 24,000 150,00 170.00 38,00

27,0060 27,000 1200,00 1225.,00 36,00

P
0.000
1,000
0,000
1,000

1,000

1,47%1 BAR
1.5044  BAR

Aprintout of the calculation

T8T

53,000

35,000

85000

35,000

35000

result

- 65 =

o7 P HLS
0,018 35414816 1343.767
0,065 1963,728 4953,753
0,031 3479.822 2321,381
0.088 2588,111 &754.414

0,380 22389346 S8215.0%5



APPENDIX E: Pump Data Files, Well Data Files and
Printouts of the Calculation Results
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640 INCH 8178 SIZE OF THE PUMP

15:0 o I INSIDE DIAMETER OF COLUMN

3,08 ¥} DED QUTSIDE DRIAMETER OF ENCLOSING TUBE
2,54 CH DSRAF  BIANETER OF SHAFY

03 INCH At AXIAL CLEARANCE OF THE FUNP

10,09 L/s GH TURNING POINT OF CURVE FOR THE PUKP
18,288 K X1 CONST. OF PERFORMANCE FOR THE PUNP
235,165 N X2

0.2415 NS/L Yi

0,7248 NS/L Y2

0401 = A CONST. OF COLUMN FRICTION LDSE
178 < B

0,4572 N c CONST. FOR NPSHR OF THE PUMP

0,181 K8/L o

077 < X CONST, FOR EFFICIENCY OF THE PUNP
0.0 = 64

2,47 LB/FEET WSHAF  UNIT WEIGHT OF SHAFT OF THE PUMP
42 LB WIKP  IMPELER WEIGHT OF THE PUWP

0.78 50, INCH ASHAF  AREA OF SHAFT OF THE PUKP

0,87 BHP/100FT 8 NECRENICAL FRICTION OF SHAFT

2900, RPN RPH APH OF HOTOR

0,9 “ EKMOT  EFFICIENCY OF MOTOR

b LB/FT TK THRUST CONSTANT FOR THE PUMP

40 K HPR HORSE POMER RATING OF THE SHAFT

Pump data file for 6 inch pump

8,0 INCH 8IZE  BIZE OF THE PUNP

2040 ) LY INSIDE DIAMETER OF COLUMN

6,33 CH DED QUTSIDE DIAMETER OF ENCLOSING TUBE
3175 e DSHAF  DIAMETER OF SHAFT

0,75 INCH At AZIAL CLEARANCE OF THE PUMP

36,39 L/s (4 TURNING POINT OF CURVE FOR THE PUNP
33,328 bl k41 CONSTs OF PERFORMANCE FOR THE PUNP
42,472 N X2

» 24793 HS/L Yi

+44986 NS/L Y2

0022 - A CONST, FOR COLUMN FRICTIDN LOSS
1:31 e B

-1,21% bt £ CONST. FOR NPSHR OF THE PUNP
0,181 M8/L I

0.73 o XX CONST. FOR EFFICIENCY OF THE PUNP
0,0 = b4 1

4,17 LB/FEET WBHAF  UNIT WEIGHT OF SHAFT OF THE PUMP
3.9 LB WIKF  IMPELER WEIGHT OF THE PUNP

1,23 50, INCH ASHAF  AREA OF SHAFT OF THE PUMP

1,33 BHP/100FT bt KECHENICAL FRICTION OF SHAFT

2900, RFH RPN RPM OF MDTOR

0% = EKNOT  EFFICIENCY DF WOTOR

47 LR/FT TK THRUST CONSTANT FOR THE PUNP

98.0 KW HPR HORSE POWER RATING OF THE SHAFT

Pump data file for 8 inch pump
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101,14
1.0
350
0,157
983.0
30,0
10
+001
30
10,0
147
1840

101,2
1.0
S0
0:157
983.0
a0
10
+001
30,0
10,0
1,50
18,0

-

BAR
c
BAR
KB/CB\M
b
¥/{L/5)
H/8Q.(L/S)
H
K

EAR
L/8

BAR

£

BAR
KG/CB.

H

¥/ (L/S)
M/8G.(L/8)

BNANE
PA
TERP
P8
LENS
WY
FLC1
FLCZ
WiCNH
HEAFE
PH

an

THE MELL NUMBER

ATMBSPHRIC PRESSURE

BATER TEMPERATURE IN THE WELL
SATURATED PRESSURE OF THE RATER
DENSITY OF THE WATER

WATER LEVEL BELOR OROUND SURFACE
FLOW COEFFICIENT OF THE WELL

ALLOWED MAX, DROW [DWN

ADDED WATER COLUNN FOR FLUCTUATION
DESIGN PRESBURE AT MELL REAR
FLOWRATE ORDERED

Well data file for Well No. 1

WNANE
Pa

THE WELL NUKBER

ATHOSPHRIC PREBSURE

BATER TEMPERATURE IN THE WELL
SATURATED PRESBURE OF THE WATER
DENSITY OF THE WATER

WATER LEVEL BELOW GROUND SURFACE
FLOW COEFFICIENT OF THe WELL

ALLOWED MAX. DRON DORN

ADDED RATER COLUMN FOR FLUCTUATION
DESIGN PRESSURE AT WELL HEAD
FLOWRATE ORDERED

Well data file for Well No. 2



THE RESULTS OF CALCULATION
FOR SELECTING DEEP WELL PUMP

GIVEN UALLES:
THE NAME OF THE WELL3101,10
ATMOSPHRIC PRESSURE) 1,00B4R
WATER LEVEL BELON SURFACE! 50.00M
TEXP, OF WATER! 55,00C
DENSITY OF WATER:985,00K6/CUB.M
SATURATED PREBSURE? 0.16BAR
FLOWRATE ORDERED! 18,00L/8

FLOW COEFF. OF THE MELLY 1,008/4L/8)
04 00108/80. (L/8)
FREBSURE AT WELL HEADD 1.47ReR

PARAMETERS OF THE PUMP CALCULATED
TYPE OF THE PUNP! 6,00
NUMBER OF STABES! ¢
FLOBRATE CALCULATED! 18.01L/3
TOTAL DYRAMIC HEADR? 85.19H
COLUMN DIAMETER? 15,00CH
LENGTH OF COLUMNG 96477
DIABETER OF SHAFT! 2,34CH
DIAKETER OF ENCLOSING TUBE: §,08CM

ENLONGATION OF THE SHAFTI 0,0SINCH
AXIAL CLEARENCE: 0.50INCH

TOTAL THRUST! 8334,20M

SHAFT HORSE POMER: 21.B6KN
CALCULATED MOTOR CAPACITY: 24,28KM
STANDARD MOTOR CAPACITY! 30,001
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THE RESULTS OF CALCULATION
FOR SELECTING DEEP WELL PUMP

GIVEN VALUESS
THE NAME OF THE BELLI101.10
ATMOSPHRIC PRESSURED 1.00BAR
WATER LEVEL BELOW SURFACE! 50.00M
TEMP, OF WATER! 55.00C
DENSITY DF WATERISI,00KE/CLR.H
SATURATED PRESSUREY 0.14BAR
FLOWRATE DRDERED: 18,00L/8

FLOW COEFF. OF THE WELLY 1,00M/(L/S)
0, 00104750, (L/5)
PRESSURE AT WELL HEADY 1,47BaR

PARAMETERS OF THE PUMP CALCULATED
TYPE OF THE PUKP: 8,00
NUMBER OF STAGES: 3
FLOWRATE CALCULATED: 18.,00L/8
TOTAL DYNAHIC HEAD: 83.24M
COLUKN DIAMETERS 20.00CH
LENGTH OF COLUMN: 73.77H
DIANETER OF SHAFTI J.170M
DIAMETER OF ENCLDSING TUBED &.33CH

ENLONGATION OF YHE SHAFT: 0,03INCH
AXIAL CLEARENCE: O.7GINCH

TOTAL THRUST 10405, 76N

SHAFT HORBE POWER: 22.42KuW
CALCULATED MOTOR CAPACITYS 24,91KW
STANDARD MOTOR CAPACITY: 30.00xW



THE REBULTS OF CALCLLATION
FOR SELECTING DEEP WELL PUNP

GIVEN VALUESS
THE NAME OF THE WELLI101,20
ATHOSPHRIC PRESSUREY 1,00BAR
WATER LEVEL BELOW SURFACES 50.004
TEXP, OF WATERT 55,000
DENGITY OF WATERI983,00KE/CUBM
BATURATED PRESSURES 0.16BAR
FLOMRATE DRDERED? 1R.00L/8

FLOW COEFF. OF THE WELLY 1,00M/(L/8)
(s OG1O8/50, (L/8)
FRESSURE AT MELL HEAR! 1,50RaR

FARAMETERS OF THE PUMP CALCULATED
TYPE OF THE PUMF! 4,00
NUMBER OF STAGES: 29
FLOWRATE CALCULATERY 1B.01L/8
TOTAL DYNAMIC HEARG 85.50M
COLUKN DIAMETER: 1%.00CH
LENGTH OF COLUMNY 94,775
DIAMETER OF SHAFT! 2.54CK
DIAMETER OF ENCLOSING TUBES 3.08CH

ENLONGATION OF THE SHAFT?  0.0FINCH
AXIAL CLEARENCEY 0.3OINCH

TOTAL THRUBTS 8330.24H

SHAFT RORSE POWER: 21,93KW
CALCULATED MOTOR CAPACITYD 24.34KY
STANDARD MOTDR CAPACITYD 30.00Ku
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THE RESULTS OF CALCULATION
FOR SELECTING DEEP BELL PUMP

GIVEN VALUES)
THE NAME OF THE WELLI101,20
ATHOSPHRIC PRESSURET 1.00BAR
WATER LEVEL BELOW SURFACES 50.00H
TEKP, DOF WATER: 55,00C
DENBITY OF WATERIY85.00KG/CUB.M
SATURATED PREBSURE: 0. 18BAR
FLOWRATE DRDERED: 18.00L/8

FLOW COEFF. OF THE WELL 1.008/(L/8)
0.0010M/80, 1L/8)
PRESSURE AT WELL HEAD! 1.50BAR

PARAKETERS OF THE PUMP CALCULATED
TYPE OF THE PUNPE 8.00
NUMBER OF STAGES: 3
FLOWRATE CALCULATED? 18.00L/8
TOTAL DYNAMIC HEAD: 83.63M
COLUNN DIAMETER: 20,00CH
LENGTH OF COLLMN: 75.77M
DIAMETER OF SHAFT: 3.17CH
DIAMETER OF ENCLOSING TUBED 4,350

ENLONGATION OF THE BHAFTT 0.03INCH
AXIAL CLEARENCE: G.7SINCH

TOTAL THRUST1I10426,71N

SHAFT HORSE POWER: 22,4%kM
CALCULATED MOTOR CAPACITY! 24.99KK
STANDARD NOTOR CAPACITYS 30,00KM



APPENDIX F: A Input Data File for Programs SDT and

a Printout of the Calculation Results
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=i
=29
=59
~4,8
_4 Fb‘
-4,3
=7+3
-8.7
=12:3
'lﬁré
_lébg
=17+
~18:3
~19,2
'18&?
-16:¥
~18,3
~18.3
=180
~1944
~1%.8
=20+4
-17:4
-14,%
"16;3
-18.2
~18,4
=160
=154
-14,0
~13.9
=103
"9;8
=29
=62
s T
4
'3&4
et
-0.8

H

B

HUMBER OF TEMPERATURE DAT#
NUMBER OF OBSERVATIONS PER DAY(FER 24 HOURS)
COLD WAVE TEMPERATURES IN GEGUENCY

o B e



THE CODLDOWN TEHPERATURE THIN
AS A FUNCTION SYSTEN DESION TENPERATURE TG

THE COLD ®AVE DATAS :
NUMBER OF OBSERVATIONS PER DAY M= 8
NUHBER OF TEWPERATURES N= 40
THE TEMPERATURE DATA RECORDED ARE}

=140 =270 =390 ~4,80 =440
-6,50 =730 870 -12.30  -14.80
=18,00  -172,00 -18,30 -1%.20  -1BJR0
'16!90 -18!-3‘0 ‘13-33 "18’00 '1?r4°
~19.80 ~20.,40 =17,40 -14,%0 ~16,30
-15:20 ~16.40  -18,30  ~15.80  -14.00
1% 1003 =980 ~H# ~hy 20
'3530 =460 =340 "2#10 -0.80

DESIGN HOT WATER TEMPERATURE TFO= 60,00 C
DESIGN RETURN TEMPERATURE TBO= 30,00 C
DESIGN ROOM TEMPERATURE TINO= 18,00 C
RADIATCR DESIGN OUTDOOR TEWF, T0D=-12,00 C
HOUSE CHARACTERISTIC VALUES!

HC1= 2.4000 HC2= 3.0000 HC3= 0.,2200

6 A B THIN

0,0 1,187232 2,475608 ~8.,0118462
-1:0 1,191638 0,472238 =7:308376
=20 1,195052 0, 465043 ~7.011841
=30 1,200473 (480007 =6,925758
~4,0 1,204887 0483114 =8,04%791
=3l 1,209283 0.460352 =5, 585747
=440 1,213631 0,457710 ~§,133885
=74 1,217985 0.455178 ~4,689880
-3.0 1,222281 0,452747 ~4,257731
=70 1,226533 0,450411 =3.842116
-10:0 1,230744 0.448141 -3,427487
-11.0 1,234%04 0.445992 -3,017223
=12, 1,23902¢ ¢,443899 =2+610577
-13:0 1,243085 0.441877 -2:211514
-14,0 1,247101 0,439920 -1,819831

15,0 1,251068  0.438026  -1,43509%
16,0 1234987 0,436189  -1,085008
-17,0  1,258856  0.434408  -0,713810
18,0 1262678 0432678 ~0,140549
19,0 1,266452  0.430998 04000000
20,0 1,270179  0.429343 0,000000






