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ABSTRACT

Ivanov P.O. Increasing the efficiacy of alternative heat supply through saill,
groundwater and wastewater energy.

Thesis for the degree of Doctor of Philosophy in the Specialty 144 Heat powe
engineeringl Odessa Polytechnic National University of the Ministry of Education and
Science 6Ukraine, Odesa, 2@

The introduction highlights the relevance and experience of applying modern he:
generation technology based on heat pump cycles gsihgnergy SE), groundwater
(GW) and wastewater (WW).

Alternative heat supply through the udelaw-potentialsoil energy, groundwater
and wastewater fahevapor compression heat pump (HP) is an enseyyng innovative
technology due to increasing the energy efficiency of the HP cycle and reducin
environmental damage due to decarbonizatioredfrological processas the system
elements

Based on the analysis of the results of modern global and domestic research, giv
the urgent need for the application of innovative heat generation methods, it can |
concluded that the demand of practicthis development of saiéfically based tools for
improving the energy, environmental, regime and schematic and design parameters of
functioning of heat pump systems based on soil energy, groundwater and wastewa
which meet energgaving principlesand can be used by ade range of industry
consumers.

To substantiate the feasibility of using innovative heat pump methods for hee
generation based on soil energy, groundwater and wastewater, tools should be used u
mathematicaimodelling methods tht allow increasing the energy and environmental
efficiency of technological and schematic and design solutions for their practice
implementation, under the conditions that take into account the energy capacity of o\
potential renewable energpurces foreliable heat supply, taking into account climatic
features.

But, despite the relevance of the needs for the application of innovative heat supy;

technologies and numerous studies in this direction, the widespread use of heat pu
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technologyusing soilenergy, groundwater and wastewater is hindered by the lack of ¢
generalized toolkit for substantiating solutions aimed at improving the energy an
environmental factors of the system's functioning, capable of ensuring a stable thern
state of #Hernative energy sources for heat pump systems during their-tiemg
operation.

Thus, to substantiate the modes of rational use of heat pump systems based on
energy, groundwater and wastewater, it is necessary to apply a generalized toolkit us
mathematicalmodelling methods, based on determining the operating conditions of th
system that do not harm the environment, its schematic and constructive, thermal a
operating characteristics, taking into account climatic factors and the regional &chnic
potentid of low-potential alternative energy sources (LPAES), which are capable o
reliably meeting the needs of consumers with the maximum fossil fuel substitutio
coefficient.

Thus, the generalized toolkiG{) for improving heat pump systems (HPSsbd
on sol energy, groundwater and wastewater should guarantee the effective course
processes in HPS elements during kbeign operation without thermal depletion of the
LPAES, when selectingE, GW and SV for the HPS evaporator, which is an urgent
sdentific ard technical problem to which this study is devoted.

The introduction to the dissertation defines the objeesubjecttheobjectives and
theresearch method# presents the scientific novelty and practical significance of the
research redts; highlights the personal contribution of the applicant.

In the section lof the dissertation highlights the principles of effective use of
modern energy generation technologies, establishes their advantages and disadvante
It is shown that for the effective plementation of a heat supply system with rational use
of soil erergy, groundwater and wastewaterthe heat pumpsystemsHPS) to solve
energy saving problems, taking into account regional capabilities and consumer needs
IS necessary to develop a imatnatical model that is able to determine rational operating
modes of the system that prevent soil freezirgnegative environmental effect that can

occur during longerm operation ofhe HPS.
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Therefore, there is a pressing scientific and practicaldfsicreasing the efficiency
and reducing thermal pollution df¢ environment by improving the operating modes of
the alternative heat supply system, which ensures an increase in the substituti
coefficient of fossil fuels.

Alternative technologies fdhe climatic conditions of Ukraine are characterized by
the presece of the technical potential of soil energy, groundwater and wastewater, whic
Is advisable to utilize in heat pump installations and usefully used for heat supply
heterogeneous consuraerhe decision on the feasibility of implementing such an energy
supply system is made based on the results of determining the efficiency of heat pur
installations, using soil energy, groundwater and wastewater, according to energ
economic, environmeat and social factors.

It should be noted that, despite the nfdapplication and numerous studies aimed
at the practical implementation of BPased on soil energy, soil and wastewater for
regional conditions, the insufficient effectiveness of curyeettisting solutions that
allow predicting and preventing the @eatransformation of moisture in the soil mass
around the soil contour of the BPFi.e. without harmful environmental impact, hinders.
To solve this problem, the research proposes a toolkitrfproving the operating modes
of heterogeneous Fof energy spply based on soil energy, soil and wastewater, the
technical potential of which is determined by regional conditions.

The first point of scientific noveltys formulated, which is as follosv to increase
the efficiency of energy supply systems, with the rational use of a heat pump system ba:
on heterogeneoUsPAES (soil energy, groundwater and wastewater), it is necessary tc
propose a toolkit for matheme&l modelling of the functioningfddPS usingLPAES,
taking into account their technical potential and regional climatic conditions, as a meal
of energy saving, which will lead to beneficial effects: energy (reduce the share of use
traditional primaryenergy resources) and environméifteduce thermal damage to the
environment) during longerm operation of the specified heat pump systems.

In the section2 the conditions for rational use of a grouswlrce heat pump system
(GSHRS) for heat supplypurposes are substantiated, using twst for mathematical

modelling of nomkstationary thermal processes in the GSHBased on the results of
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numerical modelling, recommendations have been developed to increase the efficier
and reliability of the GSHBperation without worsening the thermstate of the soil mass
around the soil probes during lotgrm operation of the GSHPPThe proposed tools for
nonstationary thermal processes in the soil mass allowed us to increase the accurac)
calculating thecumulative heat coming from the soilttee heat pump evaporator by 1.5
times, taking into account the different intensity of heat removal from the soil along th
height of the soil tubdn addition, the conditions for increasing the efficiency of the soi
probe by reducing the length of theat exchange zone with the vapor phase, where the
heat exchange intensity is half as much, are substantiated, and the relative specific &
of soil probes per 1 fiof heated premises is established.

The second poindf scientific noveltyis as follows: réonal conditions for the
functioning of a heat pump system based on soil energy (SSHmPeat supply modes
have been determined, using the proposed toolkit for mathematical modeling-of no
stationary thermal process in GSHP elements on the basis of exgysaving
technologies, taking into account climatic conditions. The schematic, desigr
technological and operating parameters ofal¢1FS have been proposed, which provide
environmental benefits of the system doi¢he prevention of the phase tramsitstate in
the soil mass around the soil probes during{t@mgh operation of the heat pump system.
The toolkit for norstationary thermal processes in the soil mass that we have propose
has allowed us to increadeetaccuracy of the calculation of curative heat

In the section 3 the conditions for the rational use of a ground water heat pumg
system (GWHPS) for heating and air conditioning are substantiated, using the tools
mathematical modelling of nestationary thermal processes in GWHPS. Basethe
results of numerical odeling, recommendations have been developed to increase th
efficiency and reliability of the GWHPS operation in heating and air conditioning mode:
without harm to the environment, which is ensured by organizing heat regemevdh
alternating directins of groundwater flows, namely, when extracting GW heat from the
well for heating purposes and discharging GW heat intomglé for air conditioning

purposes, which stabilizes the thermal state of the soil mass aroundlithigringing it
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closer to thdackground, during lonrgerm operation of the heat pump system for a wide
range of heat consumers.

The third point of scientific noveltyis as follows: rational conditions for the
functioning of a ground water heat pump syst&@WHS) in heating and air cditioning
modes have been determined, using the proposed tools for mathematical modeling of n
stationary thermal processes in GWHS elements on the basis of -sagmyg
technologies, taking into account climatic conditionsche&natieconstructive,
techrological and regime GWHSs have been proposed, which provide environment
benefits of the system due to the normalization of the thermal state of the soil mass arot
the GWwell, bringing it closer to the natural temperatuetdiduring longterm operabn
of the heat pump system.

In the section 4 the conditions for the rational use of a heat pump system based o
wastewater energy (WWS$) for heat supply purposes are substantiated, using the tool:
of mathematical modeling oféinmal processes inteeat exchangesvaporator. Based on
the results of numerical modeling, the feasibility of using heat pump systems based
industrial and domestic wastewater is substantiated. The methodology we have propo
allows us to determine tlefficiency of the hat exchange surfaces of a heat pump system
without harm to the environment.

The fourth point of scientific novelty is as follows numerical modeling toolkit
has been proposed for the effectiveness of using heat pump systems baskedtoal
and domestic wastewater without harming the environment. Recommendations have be
developed for optimizing the parameterstlod WWHS evagorators, which ensure the
replacement of fossiliels

Keywords: mathematical modeling, nestationary tlermal processes, modeling
toolkit, phase transformations, thermal state,-fmtential energy sources, soil energy,
groundwater, wastewater, heat eangers, heat pump system, cumulative heat, energy
efficiency.
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l . 2. trY1vfPudpuvRrR (sl [t RI[T1TUOG[PTLRM 7
sl JAWRYLRM MOt dSU[ITRBEURS ~ UL

{ Mz dBEC Y Jted &) dZs Oz dzO kMl Odzso €O H dzw
¢ 6 b dzls Hr, W)

13. 1Tt Juls{J]RrR 1IRYpH{froM) ¢ ?
s OB dzd yVu jJ Bz tcts o G eiizddf ko ts Witsc 5 196 s©O ¢
r=1400 ¢&c¢/ o3

] g & F & OwmK | m¢a/ Q I oy, { /,1I@)X
1 0,15 0,245 3,1 0,145 1,717 2,2 0,478
2 0,15 0,245 3,2 0,15 1,8% 2,3 0,488
3 0,15 0,245 3,2 0,14 1,711 2,4 0,437
4 0,15 0,245 3,2 0,152 1,858 2,5 0,455
5 0,15 0,245 3,3 0,151 1,903 2,2 0,529
6 0,15 0,245 3,3 0,146 1,840 2,3 0,491
7 0,15 0,245 3,1 0,148 1,75 2,2 0,488
8 0,15 0,245 3,2 0,149 1,821 2,3 0,4%
9 0,15 0,245 3,1 0,151 1,788 2,1 0,522
10| 0,15 0,245 43 0,152 2,497 2,2 0,491
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v OB dzd yVu jl Bz totso * H ffizc ff) Is o ts it & ey 6 sO ¢
r=16003¢ce/
) d, d3 F, 2d3| DTm K m¢< G/ Q I8 Dy, ¢ 1,1/
1 0,15 0,245 41 0,145 2,271 2,2 0,632
2 0,15 0,245 4,2 0,15 2,407 2,3 0,641
3 0,15 0,245 4,2 0,14 2,246 2,4 0,573
4 0,15 0,245 4,2 0,152 2,439 2,5 0,597
5 0,15 0,245 4,3 0,151 2,480 2,2 0,690
6 0,15 0,245 4,3 0,146 2,398 2,3 0,639
7 0,15 0,245 4,1 0,148 2,318 2,2 0,645
8 0,15 0,245 4,3 0,149 2,447 2,3 0,622
9 0,15 0,245 4,2 0,151 2,423 2,1 0,707
10 0,15 0,245 4,3 0,152 2,497 2,2 0,695
s OB dzd ytu jiBdzB8f tctso ' HiflFc s silvsz ®igBs IsO ckz
r=18003Cc¢/ &
- d & F 2&|] DTmK | mSa/ Q 1§ Db, ¢ I,l/&)Hg
1 0,15 0,245 4,7 0,145 2,603 2,2 0,725
2 0,15 0,245 4,8 0,15 2,750 2,3 0,732
3 0,15 0,245 4,9 0,14 2,620 2,4 0,669
4 0,15 0,245 4,9 0,152 2,845 2,5 0,697
5 0,15 0,245 5 0,151 2,884 2,2 0,803
6 0,15 0,245 4,9 0,146 2,733 2.3 0,728
7 0,15 0,245 4,8 0,148 2,714 2,2 0,756
8 0,15 0,245 5 0,149 2,8% 23 0,758
9 0,15 0,245 4,8 0,151 2,769 21 0,807
10 0,15 0,245 4,7 0,152 2,729 2,2 0,759
s OB dzd yvu jJ Bz totso * H ffizlc ff) Is o ts e & ey K6 sO ¢
r =2000¢ ¢J o3
) d & F ?d&| DInK | mSa/ Q I D, { I,]/&)B
1 0,15 0,245 5,5 0,145 3,046 2,2 0,848
2 0,15 0,245 54 0,15 3,094 2,3 0,824
3 0,15 0,245 5,4 0,14 2,888 2,4 0,737
4 0,15 0,245 5,7 0,152 3,309 2,5 0,811
5 0,15 0,245 5,6 0,151 3,230 2,2 0,899
6 0,15 0,245 5,4 0,146 3,012 2,3 0,802
7 0,15 0,245 5,5 0,148 3,109 2,2 0,866
8 0,15 0,245 5,4 0,149 3,074 23 0,818
9 0,15 0,245 5,6 0,151 3,230 2.1 0,942
10 0,15 0,245 5,5 0,152 3,194 2,2 0,889
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unit Unit1;
interface
uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, Grids, DBGrids, DB, StdCtrls, ExtCtrls, adscnnct, adsddsdyunc,
adstable, ComCitrls;
type
TMainForm = class(TForm)
Buttonl: TButton;
Edit_u: TEdit;
Edit_ro: TEdit;
Edit_tzn: TEdit;
Edit_tzk: TEdit;
Edit_delta: TEdit;
Edit_zn: TEdit;
Edit_zk: TEdit;
Edit_dint: TEdit;
Edit_dout: TEdIt;
Edit_step: TEdIit;
Edit_steppipes: TEdit;
Edit_condpipe: TEdit;
Edit_condground: TEdit;
Labell: TLabel;
Label2: TLabel,
Label5: TLabel,
Label6: TLabel,
Label7: TLabel,
Label8: TLabel,
Label9: TLael,
Labell0: TLabel;
Labelll: Tabel,;
Labell2: TLabel,
Labell3: TLabel,
Labell4: TLabel;



Labell5:
Label21:
Label22:
Label26:
Label27:
Label25:
Label28:
Label29:
Label30:
Label31:
Label32:
Label33:
Label34:
Label35:
results_box1: TGroupBox;
Label41:

TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabel;
TLabk

TLabel;
TLabel;
TLabel;
TLabel;
TLabel;

TLabel;

Edit_re: TEdit;

Label42:
Label43:

TLabel;
TLalel;

Edit_pr: TEdit;
Edit_p: TEdit;

Label44:
Label45:
Label46:

TLabel;
TLabel;
TLabel;

Edit_nu: TEdit;
Edit_alfa: TEdit;
Edit_k: TEdit;

Label48:
Label47:
Label49:
Label51:

TLabel;
TLabel;
TLabel;
TLabel;

Edit_Q: TEdit;
Edit_f: TEdit;
Label3: TLabel;
Label4: TLabel;

data_table: TAdsTable;
AdsConnectionl: TAdsConnection
pre_box: TGroupBox;

Labell6:

TLabel;
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Labell7: TLabel;

Labell8: TLabel,

Labell9: TLabel,

Label20:TLabel;

Label36: TLabel,

Label37: TLabel,

Label38: TLabel,

Label39: TLabel,

Label40: TLabel,

Edit_viscl: TEdit;

Edit_visc2: TEdit;

Edit_rol: TEdit;

Edit_ro2: TEdit;

Edit_cpl: TEdit;

Edit_cp2: TEdit;

Edit_lanbdal: TEdit;

Edit_lambda2: TEdit;

Edit_t1: TEdit;

Edit_t2: TEdit;

RadioGroupl: TRadioGroup;
spec_box: TGroupBox;
DataSourcel: TDataSource,
DBGrid1: TDBGrid;

res table: TAsTable;

DataSource2: TDataSource;

results _bof: TGroupBox;

DBGrid2: TDBGrid;

res_tableRe: TAdsStringField;
res_tablePr: TAdsStringField;
res_tableRePrdL: TAdsStringField;
res_tableNu: TAdsStringField;
res_tableALFA: TAdsStringField;
res_tableK: TAdsStringField;
data_thleDyn_visc: TAdsStringField;
data_tablero: TAdsStringField;
data_tableCp: TAdsStringField;
data_tableLAMBDA: TAdsStringField;
data_tableG_temp: TAdsStringField;
data_tableA temp: TAdsStringField:;
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res_tableQ: TStringField,
Editl: TEdit;
res_tabletl: TStringField;
res_tablet2: TStringField;
DateTimePickerl: TDateTimePicker;
res_tablet _napor: TAdsStringdd;
Label23: TLabel,
Label24: TLabel;
data_tablepipe_visc: TAdsStringField;
Button2: TButton;
Label52: TLabel,
Edit_ Q2: TEdit;
Label50: TLabel,
procedure Button1Click(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure RadioGrouplClick(Sender: TObject);
private
{ Private declarations }
public
{ Public declarations }
end;
var
MainForm: TMainForm;
implementation
uses Unit4;
{$R *.dfm}
procedure TMainForm.Button1Click(Sender: TObject);
var f0, W, dgidr, f, dynvisc, kinemvisc, ro, lambda, Cp, a, napor,k, re, pr, p, nu, alfa, t1,
t2, g, g_sum, tempepipe_visc: real;
var dynvisci, ro_i, lambda_i, Cp_i, g_temp_i, a_temp_i, pipe_visc_i: array[0..10] of
real;
var i, n: integer;
var date: string;
begin
fO:=(sqr(strtofloat(Edit_dout.text)sqr(strtofloat(Edit_dint.text)))*Pi/4;
W:=strtofloat(edit_ugxt)*strtofloat(edit_ro.text)f0;
dgidr:=sqrt(f0*4/Pi);
f.=strtofloat(Edit_dout.text)*Pi*strtofloat(Edit_step.text);
edit_f.text:=floattostr(f);
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if radiogroupl.ltemindex=0 then
begin

dynvisc:=(strtofloat(Edit_viscl.Text)+strtofloat(Edit_visc2.Téi)

ro:=(strtofloat(Edit_rd.Text)+strtofloat(Edit_ro2.Text))/2;

kinemvisc:=dynvisc/ro;

lambda:=(strtofloat(Edit_lambdal.Text)+strtofloat(Edit_lambda2.Text))/2;

Cp:=(strtofloat(Edit_Cpl.Text)+strtofloat(Edit_Cp2.Text))/2;

a:=lambda/(Cp*1000*ro);

Edit_Re.text:=floattostr(strtofloat(edit_u.text)*fO/kinemvisc);

Edit_Pr.text:=floattostr(system.Round(kinemvisc/a));
Edit_p.Text:=floattostr(system.Round(strtofloat(Edit_Re.text)*strtofloat(Edit_Pr.text)*
dgidr/strtofloat(Edit_step.text)));

If strtofloat(Edit_p.Text)<4.5 then
Edit_Nu.Text:=floattostr(system.Round(0.5*strtofloat(Edit_p.Text)))

else if (strtofloat(Edit_p.Text)>4.5) then
Edit_Nu.Text:=floattostr(system.Round(1.62*strtofloat(Edit_Re.Text)*strtofloat(Edit_P
r.Text)*exp(0.33*In(dgidr/strttloat(Edit_step.Text)))));

Edit_ ALFA.text:=floattostr(system.Round(strtofloat(Edit_Nu.Text)*lambda/dgidr));

napor:=((strtofloat(Edit_Tzn.textstrtofloat(Edit_T1.Text))
(strtofloat(Edit_Tzk.text)strtofloat(Edit_T2.Text)))/In((strtofloat(Edit_Tzn.tekt)
strtofloat(Edit_T1.Text))/(strtofloat(Edit_Tzk.tekBtrtofloat(Edit_T2.Text)));
k:=1/(1/(strtofloat(Edit_ ALFA.text))+strtofloat(Edit_delta.text)/strtofloat(Edit_condpip
e.text)+f*In(2*strtofloat(Edit_step.text)/(strtofloat(Edit_dout.text)/2))/(2*Pi*stitait(E
dit_step.text)*strtofloat(Edit_condground.text)));

Edit_k.text:=floattostr(k);

Edit_Q.text:=floattostr(f*k*napor);

57T 1s] &3 J tOIlskztedze 2 d2Of ste By Y HEZ Golzdzlstsdz

/[Edit_Q2.text:=floattostr(1000*W*Cp*(strtofloat(Edit_T2.Tekt)
strtdfloat(Edit_T1.text)));

/Iresults_boxl1.visible:=true;
end
else if radiogroupl.ltemindex=1 then

begin

g_sum:=0;

res_table.Active:=false;

datetimepickerl.Update;

datetimepickerl.Bfresh;

date:=FormatDateTime('yyyy_mm_dd_hh_nn_ss',DateTimePicla);

res_table.TableName:=date+'.adt’;



res_table.CreateTable;

res_table.open;

res_table.Edit;

results_box2.visible:=true;

data_table.active:=true;

data_table.First;

for n := 0 to data_table.RecordCoutdo begin
dynvisc_i[n]:=data _dble.Fields[0].value;
ro_i[n]:=data_table.Fields[1].value;
Cp_i[n]:=data_table.Fields[2].value;
lambda_i[n]:=data_table.Fields[3].value;
g_temp_i[n]:=data_table.Fields[4].value;
a_temp_i[n]:=data_table.Fields[5].value;
pipe_visc_i[}:=data_table.Fields[6].value;
data_table.Next;
end;

dynvisc_i[data_table.recordcoiidf:=data_table.Fields[0].Value;

ro_i[data_table.recordcourit]:=data_table.Fields[1].value;
Cp_i[data_table.recordcourit]:=data_table.Fields[2].value;

lambda_i[data_table.recordcoiifif:=data_table.Fields[3].value;
g_temp_i[data_table.recordcouf}.=data table.Fields[4].value;
a_temp_i[data table.recordcoub}l=data_table.Fields[5].value;

for n := 0 to data_table.RecordCoi@ido begin

res_tabé.Insert;
dynvisc:=(dynvisc_i[n]+dynvisc_i[n+1])/2;
ro:=(ro_i[n]+ro_i[n+1])/2;
kinemvisc:=dynvisc/ro;
lambda:=(lambda_i[n]+lambda_i[n+1])/2;
Cp:=(Cp_i[n]+Cp_i[n+1])/2;
pipe_visc:=(pipe_visc_i[n]+pipe_visc_i[n+1])/2;
a:=lambda/(®*1000*ro);
re:=strtofloat(edit_u.text)*f0/kinemvisc;
pr:=kinemvisc/a;
p:=re*pr*dgidr/strtofloat(Edit_step.text);
if p<4.5 then nu:=0.5*p
else if (p>=4.5) {and (p<13)} then

nu:=1.62*re*prrexp(0.33*In(dgidr/strtofloat(Edit_step.Text)))

else if (p>=13) then nu:=1.86*0.14*In(dynvisc/pipe_visc)*0.33*In(p);

alfa:=nu*lambda/dgidr;
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k:=1/(1/alfa+strtofloat(Edit_delta.text)/strtofloat(Edcondpipe.text)+(f*In(2*strtofloat(
Edit_step.text)/(strtofloat(Edit_delta.text)/2))/(2*Pi*strtofldatiit _step.text)*strtofloat(
Edit_condground.text))));
Il dOyoOodzts tftjHjd]ddv Isj@fJjcOkzedtse s
tl:=g_temp.i[n]ia_temp.i[n];
t2:=g_temp_i[n+lja_temp_i[n+1];
temper:=(t1t2)/In(t1/t2),
if (t1>=t2) then napor:=(t1t2)/In(t1/t2)
elsenapor :=(t2t1)/In(t2/t1);
[l CBded y sftejHjdzjddw Isj B JtcOskzcdzsse s de
g:=f*k*napor
res_table.fields[0].AsFloat:=re;
res table.fields[1].AsFloat:=Pr;
res_table.fields[2].AsFloat:=p;
res_table.fields[3].AsFloat:=Nu;
res_table.klds[4].AsFloat:=ALFA,;
res_table.fields[5].AsFloat:=k;
res_table.fields[6].AsFloat:=q;
res_table.fields[7].asfloat:=t1;
res_table.fields[8].asfloat:=t2;
res_table.Fields[9].asfloat:=napor;
g_Sum:=q_sum-+q;
res table.Next;
end;
editl.text:=floattostr(g_sum);
res table.close;
res_table.Active:=true;
{ Edit_Q2.text:=floattostr(1000*W*Cp*(strtofloat(Edit_T2.Tekt)
strtofloat(Edit_T1.text)));
Edit_Q.text:=floattostr(f*k*napor);}
results_boxl1.visible:=false;
results_box2.\&ible:=true;
end;
end;
procedure TMainForm.Button2Click(Sender: TObject);
var i. integer;
begin
mainform.res_table.first;
GrafForm.Series1.Clear;
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GrafForm.Series2.Clear;
for | ;= mainform.res_table.RecordCount downto 1 do
begin
GrafForm.seriesl.aky(i,mainform.res_table.fields[6].value,inttostr(i),cIBlack);
if i>0 then manform.res_table.Next;
end;
GrafForm.series2.addxy(10,5.891 inttostr(i),clBlack);
GrafForm.series2.addxy(9,6.318,inttostr(i),clBlack);
GrafForm.series2.addxy(8,6.746,inttggicIBlack);
GrafForm.series2.addxy(7,7.402,inttostr(i),clBlack);
GrafForm.sees2.addxy(6,8.285,inttostr(i),clBlack);
GrafForm.series2.addxy(5,10.287 ,inttostr(i),clBlack);
GrafForm.series2.addxy(4,12.436,inttostr(i),clBlack);
GrafForm.series2.addxy(3,B5,inttostr(i),clBlack);
GrafForm.series2.addxy(2,12.96,inttostr(i),clBlack);
GrafForm.series2.addxy(1,7.095,inttostr(i),cIBlack);
GrafForm.Series1.Repaint;
GrafForm.ShowModal;
end;
procedure TMainForm.RadioGroup1Click(Sender: TObject);
begin
if radiogroypl.ltemindex=0 then
begin
pre_box.Visible:=true;
spec_box.visible:=false;
results_box1.Visible:=true;
results_box2.Visible:=false;
end
else
begin
pre_box.Visible:=false;
spec_box.visible:=true;
results _box1.Visible:=false;
results_box2.Vidile:=true;
end;
end
end
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unit Unit1;
interface
uses
Windows, Messages, SysUtils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, Grids, DBGrids, DB, StdCtrls, ExtCtrls, adscnnct, adsdata, adsfunc,
adstable, ComCitrls, math;
type
TMainForm = class(TForm)
Button1: TButton;
Edit_u: TEdit;
Edit_delta: TEdit;
Edit_dout: TEdIit;
Edit_condpipe: TEdit;
Edit_condwater: TEdjt
Labell: TLabel,
Label7: TLabel,
Labelll: TLabk
Labell4: TLabel;
Labell5: TLabel,
Label21: TLabel;
Label25: TLabel,
Label31: TLabel;
Label34: TLabel,
Label35: TLabel;
results_box1: TGroupBox;
Label41: TLabel;
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Edit_re: TEdIt;
Label42: TLabel;
Edit_pr: THIit;
Label44: TLabel
Label45: TLabel,
Label46: TLabel,
Edit_nu: TEdit;
Edit_alfa: TEdit;
Edit_k: TEdit;
Label48: TLabel,
Label47: TLabel,
Label49: TLabel,
Label51: TLabel,
Edit_L: TEdit;

Edit_f: TEdIt;

Label3: TLabel;
Label4: TLabel,
data_table: TAdsTable;
AdsConnectionl: TAdsConnection;
pre_box: TGroupBox;
Labell6: TLabel,
Labell7: TLabel;
Labell8: TLabel,
Labell9: TLabel,
Label20: TLabel,
Label36: TLabel;
Labd37: TLabel;
Label38: TLabel,
Label39: TLabel;
Label40: TLabel,



Edit_viscl: TEdit;

Edit_visc2: TEdit;

Edit_rol: TEdit;

Edit_ro2: TEdit;

Edit_cpl: TEdit;

Edit_cp2: TEdit;

Edit_lambdal: TEdit;

Edit_lambda2: TEdit;

Edit_t1: TEdit;

Edit_t2: TEdit;

spec_box: TGroupBox;
DataSourcel: TDataSource;
DBGrid1: TDBGrid;

res_table: TAdsTable;

DataSource2: TDataSource,
results_box2: TGroupBox;

DBGrid2: TDBGrid;

res_tableRe: TAdsStringField
res_tablePr: TAdsString#ld;
res_tableRePrdL: TAdsStringField,;
res_tableNu: TAdsStringField;
res_tableALFA: TAdsStringField;
res_tableK: TAdsStringField,;
data_tableDyn_visc: TAdsStringField;
data_tablero: TAdsStringField;
data_tableCp: TAdsStringField;
data_tableLAMBDA: TAdsStringField;
data_tableG_temp: TAdsStringField;
data_tableA temp: TAdsString#d;
res_tableQ: TStringField;
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Editl: TEdit;

res_tabletl: TStringField;

res_tablet2: TStringFid|
DateTimePickerl: TDateTimePicker;
res_tablet _napor: TAdsStringField,;
Label23: TLabel,

Label24: TLabel;
data_tablepipe_visc: TAdsStringField;
Button2: TButton;

Label52: TLabel,

Edit_iter: TEdit;

Label50: TLabel,

Label5: TLabel,

Label6: TLabel,

Edit_u_ water: TEdit;

Label8: TLabel;

Label9: TLabel,

Edit_d water: TEdit;

Labell2: TLabel,

Labell3: TLabel,

Edit_Q: TEdit;

Label26: TLabel,

Edit_ COP: TEdit;

Edit_x: TEdit;

Labell0: TLabel;

edit_alfal: TEdit;

Edit2: TEdit;

Edit3: TEdit;

procedure Button1Click(®eler: TObject);
procedure Button2Click(Sender: TObject);

172



173

private
{ Private declarations }
public
{ Public declarations }
end,
var
MainFom: TMainForm:;
implementation
uses Unit4,
{$R *.dfm}
procedurel MainForm.Button1Click(Sender: TObject);
varh,d w, k ,Q_, ftr, L, step, f_pipes, f water, 0, alfa2, W, dgidr, f, ¢, m, dynvisc,
kinemvisc, ro, dynvisc2, kinemvisc2, ro2, lambda, lambda2a€pa, napor,k, re, re2,
pr, pr2, p, nu, nu2, alfa, t1, t2, q_sum, g1_sum, temper, pipe_visc, corner, S, d_ekv:
real;
var dynvisc_i, ro_i, lambda_i, Cp_i, g_temp_i, a_temp_i, pipe_visc_i: array[0..10] of
real;
var iter, i, n: integer;
var date: string;
begin
Il LteO-kzdSd i jt]jHd
dgidr:=strtofloat(Edit_doutext)i2 * st rt of | oat (edi t del t a.
ftr: =Pi*sqr (dgidr)/ 4; [ f d&zsh OH! Y
data_table.active:=true;
data_table.First;
for n := 0 to data_tablRecordCouii® do begin
dynvisc_i[n]:=data_table.Fields[0].value;
ro_i[n]:=data_table.Fields[1].value;
Cp_i[n]:=data_table.Fields[2].value;

lambda_i[n]:=data_table.Fields[3].value;
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pipe_visc_i[n]:=data_table.Fields[6].value

g_tenp_i[n]:=data_table.Field4].value;

a_temp_i[n]:=data_table.Fields[5].value;

data_table.Next;

end,

g_temp _i[data_table.recordcouhi:=data_table.Fields[4].value;
a_temp_i[data table.recordcoub}=data_table.Fields[5].value;
dynvisc_i[cata_table.recordcoui]:=data_table.Fields[0].Value;
ro_i[data_table.recordcourit]:=data_table.Fields[1].value;
Cp_i[data_table.recordcourii]:=data_table.Fields[2].value;
lambda_i[data_table.recordcoufhj:=data_table.Fields[3].value;
pipe_visci[data table.recordcodint]:=data_table.Fields[6].value;
Il Isj di3f jtcOlsktedzd?2 d&zOf ' to
napor:=((g_temp_i[GJa_temp i[0]) (g_temp_i[data_table.RecordCou}i
a_temp_i[data_table.Reaffount 1]))/In((g_temp_i[O]i a_temp_i[Q)T
(g_temp_i[data_table.RecordCouhfi a temp_i[data_table.RecordCoiitt));
dynvisc2:=1.1767/1000;

ro2:=999.13;

lambda2:=0.590;

kinemvisc2:=1.21/1000000;

a2:=1.3794/10000000;

pr2:=kinemvisc2/a2;

Edit_prText:=floattostr(round(pr2));
d_w:=strtofloat(edit_d_water.tex@*strtofloafedit_dout.Text);
h:=0.5*d_wi (1i strtofloat(Edit_x.text))*d_w;

f water:=sgr(d_w)/4*(2*arccos(h/(0.5*d_w))+sin(2*arccos(h/(0.5*d_w))));
corner:=2*arccos((strtofloat(Edit_ext)*strtofloat(edit_d_water.text)
0.5*strtofloat(edit_d_water.text))/(strtoti(edit_d_water.text)i2
strtofloat(edit_dout.text)));
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S:=Pi/4/360*sqr(strtofloat(edit_d_water.téx)strtofloat(edit_dout. Text))*cornér
(strtofloat(edit_d_water.text*strtofloat(edit_dout. Text))/2*sin(corner);

f water:=Pi/4*sqr(strtofloat(edit_d_wattext) 2*strtofloat(edit_dout. Text))S;

edit3.Text:=floattostr(f_water);

IIf_water:=Pi*sqr(strtofloat(edit_d_water.teix®rstrtofloat(edit_dout.Text))/4;

d_ekv:=sqrt(4*f water/Pi);

re2:=strtofloat(Edit_u_water.text)*strtofloat(Edit_dout.text)&mvisc2;

Edit_re.Text:=floattostr(round(re2));

{if (re2>0.1) and (re2<4) then nu2:=0.99*0.35*In(pr2)*0.305*In(re2)

else if (re2>=4) and (re2<8) then nu2:=0.86*0.35*In(pr2)*0.41*In(re2)

else if (re2>=8) and (re2<100) then nu2:=0.59*0.35*In(pr2)*€(re2)

else if (re2>=100) and (re2<5000) thaum2:=0.665*0.35*In(pr2)*0.47*In(re2)

else if (re2>=5000) and (re2<50000) then nu2:=0.22*0.35*In(pr2)*0.6*In(re2)

else if (re2>=50000) then nu2:=0.026*0.35*In(pr2)*0.8*In(re2);}

if (re2>10) and (re2<1@) then nu2:=0.44*0.5*In(re2)

else if (re2>=100) and (re2<200000) then nu2:=0.22*0.6*In(re2);

/it (re2>=5) and (re2<1000) then nu2:=0.5*(0.5*In(re2))*(0.38*In(pr2))

/lelse if (re2>=1000) and (re2<200000) then nu2:=0.25*(0.6*In(re2))*(0.38*In(pr2))

/lelse if (re2>=200000) and (re2<2000000) then
nu2:=0.25*(0.8*In(re2))*(0.37*In(pr2));

edit_nu.text:=floattostr(nu2);

alfa2:=nu2*lambda?2/strtofloat(edit_dout.text);

Edit_alfa.text:=floattostr(alfa2);

k :=1/(strtofloat(Edit_delta.text)/strtoflg@dit _condpipe.text)+1/alfa2);

Edit_k.text:=flaattostr(k );

Q_:=strtofloat(Edit_Q.text)/strtofloat(Edit_ COP.text);

f pipes:=Q_/(k_*napor);

Edit_f.text:=floattostr(round(f_pipes));

L:=f _pipes/(Pi*dgidr);

Edit_L.text:=floattostr(round(L));
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g_sum:=0;
res_table.Active:=false;
datetimepickerl.Update;
datetimepickerl.Refresh;
date:=FormatDateTime('yyyy_mm_dd_hh_nn_ss',DateTimePickerl.date);
res_table.TableName:=date+'.adt’;
res_table.CreateTable;
res_table.open;
res_table.Edit;
results_box2.visible:=true;
for n := 0 to data_table.RecordCoi@tdo begin
res_table.Insert;
dynvisc:=(dynvisc_i[n]+dynvisc_i[n+1])/2;
ro:=(ro_i[n]+ro_i[n+1])/2;
kinemvisc:=dynvisc/ro;
lambda:=(@mbda_i[n]+lambda_i[n+1])/2;
Cp:=(Cp_i[n]+Cp_i[n+1])/2;
pipe_visc:=(pipe_visc_i[n]+pipe_visc_i[n+1])/2;
a:=lambda/(Cp*1000*ro);
re:=strtofloat(edit_u.text)*ftr/kinemvisc;
pr:=kinemvisc/a;
step:=L/10;
p:=re*pr*dgidr/step;
if p<4.5 then nu:=0.5*p
else if (p>=4.5) {and (p<13)} then nu:=1.62*re*pr*exp(0.33*In(dgidr/step));
if (p>=13) then nu:=1.86*0.14*In(dynvisc/pipe_visc)*0.33*In(p);
alfa:=nu*lambda/dgidr;
k:=1/(1/alfa+strtofloat(Edit_delta.textyfsofloat(Edit condpipe.text)+1/alfa2);
'l fyOlstsS odL dzOyj dedz? Isj d3f J cOlskztcdzsc 5



t1:=g_temp_i[nja_temp_i[n];
t2:=g_temp_i[n+lja_temp_i[n+1];

if (t1=t2) then napor:=tl

else if (t1>=t2) then napor:=(t12)/In(t1/t2)
else napor:#2@i tl)/In(t2/t1);

/] S dai y'lsp kY JAOQ Batatzs ¢ 5 ROY Sl

q:=f_pipes*k*napor/10;
res_table.fields[0].AsFloat:=re;
res_table.fields[1].AsFloat:=Pr;
res_table.fields[2].AsFloat:=p;
res_table.fields[3].AsFloat:=Nu;
res_table.fields[4].AsFloatALFA;
res_table.fields[5].AsFloat:=k;
res_table.fields[6].AsFloat:=q;
res_table.fields[7].asfloat:=t1;
res_table.fields[8].asfloat:=t2;
res_table.Fields[9].asfloat:=napor;
g_Sum:;=q_sum-+q;
res table.Next;

end;

iter:=1;

if g_sum<>Q _then

begin

while (abs(g_sufiQ )>1) do begin

f pipes:=f pipes*Q_/q_sum;

g_sum:=0;

iter:=iter+1;

res_table.Active:=false;

datetimepickerl.Update;

datetimepickerl.Refresh;
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date:=FormatDateTime('yyyy_mm_dd_hh_nn_ss',DateTimeRickate);
res_table.TableName:=date+'.adt’;
res_table.CreateTable;
res_table.open;
res_table.Edit;
results_box2.visible:=true;
for n := 0 to data_table.RecordCoi@tdo begin
res_table.Insert;
dynvisc:=(dynvisc_i[n]+dynvisc_i[n+1])/2;
ro:=(ro_i[n]+ro_i[n+1])/2;
kinemvisc:=dynvisc/ro;
lambda:=(lambda_i[n]+lambdgn+1])/2;
Cp:=(Cp_i[n]+Cp_i[n+1])/2;
pipe_visc:=(pipe_visc_i[n]+pipe_visc_i[n+1])/2;
a:=lambda/(Cp*1000*ro);
re:=strtofloat(edit_u.text)*ftr/kinemvisc;
pr:=kinemvisc/a,;
step:=L/10;
p:=re*pr*dgidr/step;
if p<4.5 then nu:=0%
else if (p>=4.5) {and (p<13)} then nu:=1.62*re*pr*exp(0.33*In(dgidr/step));
if (p>=13) then nu:=1.86*0.14*In(dynvisc/pipe_visc)*0.33*In(p);
alfa:=nu*lamlala/dgidr;
k:=1/(1/alfa+strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.tex@ifar);
'l fsyOlstsS odL dzOyd dedz? Isj d3f J cOlskztcdzsc 5
tl:=g_temp_i[nja_temp_i[n];
t2:=g_temp_i[n+l]ja_temp_i[n+1];
if (t1=t2) then napor:=t1
else if(t1>=t2) then napor:=(i12)/In(t1/t2)
else napor:=(ix1)/In(t2/t1);
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[l C©" daj y* odL dzOyJ dzdev Isj i3 j eOskztcdetsc s dz
q:=f_pipes*k*napor/10;
res_table.fields[0].AsFloat:=re;
res_table.fields[1].AsFloat:=Pr;
res_table.fields[2].AsFloat:5p
res_table.fields[3].AsFloat:=Nu;
res_table.fields[4].AsFloat:=ALFA;
res_table.fields[5].AsFloat:=k;
res_table.fields[6].AsFloat:=q;
res_table.fields[7].asfloat:=t1;
res_table.fields[8].asfloat:=t2;
res_table.Fields[9].asfloamnapor;
g_Sum:;=q_sum-+q;

res_table.Next;

end;

end,;

end;
Edit_f.text:=floattostr(round(f_pipes));
L:=f pipes/(Pi*dgidr);
Edit_k.text:=floattostr(k);
Edit_L.text:=floattostr(round(L));
editl.text:=floattostr(round(q_sum));
edit_dfal.text:=floattostr(alfa);

edit2. Text:=floattostr(strtofloat(Edit_delta.text)/strtofloat(Edit_condpipe.text));
Edit_iter.text:=inttostr(iter);
res_table.close;
res_table.Active:=true;
results_boxl.visible:=true;
results_box2.Visible:=true;

end;



180

procedure TMainForm.Button2Click(Sender: TObject);
var i: integer;
begin
mainform.res_table.first;
GrafForm.Seriesl.Clear;
GrafForm.Series2.Clear;
for | := mainform.res_table.RecordCount downto 1 do
begin
GrafForm.seriesl.addxy(i,mainform.res_tabeélds[6].value,inttostr(i),clBlack);
if i>0 then mainform.res_table.Next;
end,
GrafForm.series2.addxy(10,5.891 inttostr(i),clBlack);
GrafForm.series2.addxy(9,6.318,inttostr(i),clBlack);
GrafForm.seriesaddxy(8,6.746,inttostr(i),clBlack);
GrafFormseries2.addxy(7,7.402,inttostr(i),clBlack);
GrafForm.series2.addxy(6,8.285,inttostr(i),clBlack);
GrafForm.series2.addxy(5,10.287 ,inttostr(i),clBlack);
GrafForm.series2.addxy(4,12.436,inttostr(i),clBlack);
GrafFam.series2.addxy(3,12.96,inttostr(i),clBlack
GrafForm.series2.addxy(2,12.96,inttostr(i),clBlack);
GrafForm.series2.addxy(1,7.095,inttostr(i),clBlack);
GrafForm.Seriesl.Repaint;
GrafForm.ShowModal;
end,;

end.
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