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Figure 6-3 Flowdiagram




Table 7-2 Well design

Name Type oD ID MD (ft) Hole size | Grade | Weight
# (in) (in) Hanger | TOC Base (in) # (ppf)
1| Conductor | Casing | 30,000 | 28,000 | 1073 | 1073 | 1378 36,00 X-52 309,7
2 Surface Casing | 20,000 | 18,730 | 1073 | 1073 | 3281 26,00 X-56 133
3| Intermediate | Casing | 13,375 | 12,347 | 1073 1073 6955 17,50 P-110 72
4| Production | Casing | 9,625 | 8,535 1073 6955 | 11811 12,25 P-110 53,5
5| Production Liner | 7,000 | 6,004 | 11811 | 11811 | 13294 8,50 P-110 35
6| Production | Tubing | 7,000 | 6,094 1073 11811 P-110 30

The input data needed to calculate the temperature distribution in the wellbore is presented in

Table 7-3. Values found in ILS are thermal conductivity of steel (tubing and casing), thermal

conductivity of cement, thermal conductivity of the formation and the densities of wellbore and

annulus fluid. The geothermal gradient and the mudline temperature gives the reservoir

temperature by equation (6.28). The author has selected the mass rate and production time,

according to reservoir data and the flow capacity of the 7 inches production tubing. The thermal

diffusivity of earth (formation) and the heat capacity, thermal conductivity, density and

viscosity of the fluids are not found in the ILS. Thus, leads to uncertainties in the input variables.

The fluid variables are depending on the composition of the fluid, the pressure and the

temperature. The variations of the properties are not included in the temperature distribution

model as listed in chapter 6.1.1.
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Table 7-3 Input variables for temperature distribution calculation

Input variables
Description Value Unit
Tubing
Thermal conductivity, k 26,2 Btu/hr ft °F
Emissivity outside tubing, e 0,9 Dim.less
Casing
Thermal conductivity, k 26,2 Btu/hr ft °F
Emissivity inside casing, e 0,9 Dim.less
Emissivity outside casing, e 0,9 Dim.less
Cement
Thermal conductivity, k 0,568 | Btu/hrft °F
Formation
Thermal conductivity, k 0,92 Btu/hr ft °F
Thermal diffusivity, a 0,04 ft2/hr
Mudline temperature 39,2 °F
Geothermal gradient 1,44 °F/100ft
Annulus
Density, p 64,37 lbm/ft3




Overall Heat Transfer Coefficient (Btu/hr sq ft F)
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Figure 7-1 Temperature and Overall Heat Transfer Coefficient

The computed temperature distribution of the undisturbed formation temperature and the
simulated temperature of wellbore fluid, of both the temperature model and ILS is presented in
Figure 7-2. Where the red line is the undisturbed formation temperature, the blue line is the
temperature profile from the temperature model and the yellow line is temperature profile from
the ILS software. The difference between the temperature model and ILS is 14 degrees

Fahrenheit.

This gives the temperature model an error of 6,7% in relation to the ILS. Unfortunately, no real
data from a water-producing well has been available for comparison. However, Harald Rostad,
daily user of the ILS, stated that the ILS accounts for heat tansfer about 1,64 ft into the formation
(Rostad, 2015).
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Figure 7-3 Temperature distribution with various emissivity’s
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Figure 7-4 Zoomed temperature distribution with various emissivity’s
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Figure 7-8 Zoomed temperature distribution by neglecting the thermal conductivity for steel
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Figure 7-10 Temperature distribution after 12 hours with both methods
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Figure 7-11 Temperature distribution after 1 day with both methods
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Figure 7-12 Temperature distribution after 7 days with both methods

2000

4000

6000

8000

10000

12000

H&K, t = 100 days
Ramey, t = 100 days

14000 - - - - -
190 195 200 205 210 215 220

Temperature (F)

Figure 7-13 Temperature distribution after 100 days with both methods
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phase transfers are included and the heat energy required or extracted during evaporation or

condensation, the importance of an accurate fluid model is increased further.

There will also be a temperature effect on the pressure, although this would be less pronounced
(Bellarby, 2009). To have sustainable temperature model it should iterate both on pressure and

temperature, and then find the proper fluid composition.

Liquids expand when heat is applied and are compressed by pressure. Therefore, the density of
the fluid decreases with increasing temperature, but increases with increasing pressure. As fluid
is produced, injected or pumped and circulated, the temperature and pressure effect change the
density of the fluid. It should also include viscosity, heat capacity and thermal conductivity as

function of pressure and temperature.
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=

Fgl_

Fr

Ftci

Gabs

Jc

ghr

Gr

gr

he

hy

emissive power (Btu/hr)

emissive power for a black-body (Btu/hr)

force (Ibf)

gas/liquid ratio

force in tubing or casing (1bf)

view factor based on outside tubing and inside casing surface (dimensionless)

irradiation (Btu/hr)

acceleration of gravity (32,2 ft/sec?)

absorbed irradiation (Btu/hr)

conversion factor (32,2 Ibm ft /Ibf sec?)

acceleration due to gravity (4,17 x 102 ft/hr?)

Grashof number (dimensionless)

geothermal gradient,(°F/ft)

average film coefficient or average heat transfer coefficient (Btu/ hr ft? °F)

fluid enthalpy (Btu/lbm)

heat transfer coefficient for natural convection and conduction (Btu/hr ft2 °F)

forced-convection heat transfer coefficient for the tubing fluid (Btu/hr ft? °F)



he

Jo

J1

kcem

kcsg

ke

kha

khc

ktub

AL

Ly

Lt

ALt

Nu

heat transfer coefficient for radiation (Btu/hr ft °F)

mechanical equivalent of heat (778 ft-Ibf/Btu)

Zero-order Bessel function of the first kind

First-order Bessel function of the first kind

thermal conductivity (Btu/hr ft °F)

thermal conductivity of the casing material at average tubing temperature (Btu/hr ft °F)

thermal conductivity of the casing material at average tubing temperature (Btu/hr ft °F)

thermal conductivty of formation (Btu/hr ft °F)

thermal conductivity for fluid in annulus (Btu/hr ft °F)

equivalent thermal conductivity of the annular fluid with natural convection effects
(Btu/hr ft °F)

thermal conductivity of the tubing material at average tubing temperature (Btu/hr ft °F)

length (ft)

length change (ft)

Total length of wellbore — TMD (ft)

length of the tubing or the uncemented section of casing (ft)

metal expansion or contraction (ft)

Nusselt number (dimensionless)
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Pr

pwh

Qc

Qr

Qx

QA

I'p

It

o

M'wh

Tan

Tbody

Tci

Prandtl number (dimensionless)

wellhead pressure (psig)

heat flow rate (Btu/hr)

heat flow from wellbore (Btu/Ibm)

heat flow in the annulus by natural convection and conduction (Btu/hr)

heat flow in the annulus due to radiation (Btu/hr)

heat flow in x-direction (Btu/hr)

heat flux in x-direction per unit area (Btu/hr ft?)

radius, measured from the center of the wellbore (ft)

radial distance (dimensionless)

tubing inside radius (ft)

outside radius of tubing (ft)

wellbore radius (ft)

temperature of the flowing fluid (°F)

absolute temperature of annulus fluid (°R)

temperature of the body (°F)

temperature of inside casing surface (°F)



to

To

Te

Teibh

Teiwh

Tt

T

wa

AT

Uto

temperature of inside casing surface (°R)

temperature of outside casing surface (°F)

time (dimensionless)

temperature (dimensionless)

formation temperature at any given depth (°F)

undisturbed formation temperature (°F)

undisturbed formation temperature at bottomhole (°F)

undisturbed formation temperature at wellhead (°F)

temperature of flowing fluid (°F)

temperature of inside tubing surface (°F)

temperature of outside tubing surface (°F)

temperature of outside tubing surface (°R)

temperature at cement-formation interface (°F)

average change in temperature from the base case to the load case (°F)

overall heat transfer coefficient based on the outside tubing surface and the temperature

difference between fluid and cement-formation interface (Btu/hr ft2 °F)

total mass flow rate (Ibm/hr)

total mass flow rate (Ibm/sec)
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80

Yo

Y1

Az

Yo

Eai

Eto

Han

Zero-order modified Bessel function of the first kind.

First-order modified Bessel function of the first kind

variable well depth, form surface - MD (ft)

increment of tubing length (ft)

thermal diffusivity of formation (ft¥hr)

thermal volumetric expansion coefficient of the fluid in annulus (1/°R)

gas specific gravity (air=1)

strain (dimensionless)

emissivity (dimensionless)

emissivity of inside casing surface (dimensionless)

emissivity of outside tubing surface (dimensionless)

inclination angel from horizontal (degrees)

viscosity of the fluid present in the annulus at Tan and pressure Pan (Ibm/ft hr)

density of the fluid present in the annulus at Ta, and pressure Pa, (Ibm/ft hr)

density of formation (Ilbm/ft)

stress (psi)



0sB

Subscripts

95/8

133/8

20

30

Stefan-Boltzmann constant (0,1714 * 10 Btu/hr ft? °R*)

axial stress (psi)

specific volume (ft¥/lbm)

A - Annulus

B — Annulus

Casing size

Casing size

Casing size

Casing size
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Appendix







Gl;ME = (Gz - Jr)z + (O-Z - O-t)z + (O-r - Gt)z

Where

ovme = Huber-Henck Mises yield strength (psi)
o, = axial stress (psi)
or = radial stress (psi)

ot = tangential stress (psi)

Figure A-2 displays a triaxial illustration of the stress in combination.

o, o, (axial stress)

o (tangential stress)

o, (radial stress)

Ga

Figure A-2 Triaxial illustration (Bellarby, 2009)
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Vi



690,00 197,32 690,00 215,35 | 336,75 209,04
720,00 197,50 720,00 215,35 | 339,52 209,05
750,00 197,68 750,00 215,35 | 342,28 209,05
780,00 197,86 780,00 215,35 | 347,82 209,06
810,00 198,04 810,00 215,35 | 358,88 209,09
840,00 198,22 840,00 215,35 | 381,00 209,13
870,00 198,40 870,00 215,35 397,45 209,18
900,00 198,58 900,00 215,35 | 405,68 209,20
930,00 198,75 930,00 215,35 413,90 209,22
960,00 198,93 960,00 215,35 | 420,00 209,24
990,00 199,11 990,00 215,35 426,10 209,25
1000,00 199,17 1000,00 215,35 | 433,87 209,27
1020,00 199,29 1020,00 215,35 441,65 209,29
1050,00 199,47 1050,00 215,35 | 457,20 209,32
1080,00 199,65 1080,00 215,35 495,30 209,40
1110,00 199,83 1110,00 215,35 | 533,40 209,49
1140,00 200,01 1140,00 215,35 | 609,60 209,65
1170,00 200,19 1170,00 215,35 685,80 209,82
1200,00 200,37 1200,00 215,35 | 762,00 210,00

X1



1230,00 200,55 1230,00 215,35 | 838,20 210,17
1260,00 200,73 1260,00 215,35 | 914,40 210,34
1290,00 200,90 1290,00 215,35 | 952,50 210,44
1320,00 201,08 1320,00 215,35 | 971,55 210,50
1350,00 201,26 1350,00 215,35 | 981,08 210,52
1380,00 201,43 1380,00 215,35 | 985,84 210,53
1410,00 201,61 1410,00 215,35 990,60 210,54
1440,00 201,79 1440,00 215,35 | 993,90 210,55
1470,00 201,96 1470,00 215,35 | 1000,00 210,56
1500,00 202,13 1500,00 215,35 | 1006,10 210,58
1530,00 202,31 1530,00 215,35 | 1021,27 210,61
1560,00 202,48 1560,00 215,35 | 1036,45 210,64
1590,00 202,65 1590,00 215,35 | 1066,80 210,70
1620,00 202,83 1620,00 215,35 | 1104,90 210,78
1650,00 203,00 1650,00 215,35 | 1143,00 210,86
1680,00 203,17 1680,00 215,35 | 1219,20 211,01
1710,00 203,34 1710,00 215,35 | 1295,40 211,17
1740,00 203,51 1740,00 215,35 | 1371,60 211,33

XV




1770,00 203,68 1770,00 215,35 | 1447,80 211,49
1800,00 203,85 1800,00 215,35 | 1524,00 211,64
1830,00 204,02 1830,00 215,35 | 1600,20 211,79
1860,00 204,19 1860,00 215,35 | 1676,40 211,94
1890,00 204,35 1890,00 215,35 | 1752,60 212,09
1920,00 204,52 1920,00 215,35 | 1828,80 212,24
1950,00 204,69 1950,00 215,35 | 1905,00 212,38
1980,00 204,86 1980,00 215,35 | 1981,20 212,52
2010,00 205,02 2010,00 215,35 | 2057,40 212,66
2040,00 205,19 2040,00 215,35 | 2085,65 212,72
2070,00 205,35 2070,00 215,35 | 2099,78 212,75
2100,00 205,52 2100,00 215,35 | 2113,90 212,77
2117,00 205,61 2117,00 215,35 | 2116,95 212,78
2130,00 205,68 2130,00 215,35 | 2120,00 212,79
2160,00 205,84 2160,00 215,35 | 2123,05 212,79
2190,00 206,01 2190,00 215,35 | 2126,10 212,80
2220,00 206,17 2220,00 215,35 | 2133,60 212,81
2250,00 206,33 2250,00 215,35 | 2143,13 212,83
2280,00 206,49 2280,00 215,35 | 2152,65 212,84

XV



2310,00 206,65 2310,00 215,35 | 2171,70 212,87
2340,00 206,81 2340,00 215,35 | 2209,80 212,93
2370,00 206,97 2370,00 215,35 | 2286,00 213,05
2400,00 207,13 2400,00 215,35 | 2362,20 213,18
2430,00 207,29 2430,00 215,35 | 2438,40 213,30
2460,00 207,45 2460,00 215,35 | 2514,60 213,42
2490,00 207,61 2490,00 215,35 | 2590,80 213,54
2520,00 207,77 2520,00 215,35 | 2667,00 213,66
2550,00 207,92 2550,00 215,35 | 2743,20 213,77
2580,00 208,08 2580,00 215,35 | 2819,40 213,88
2610,00 208,24 2610,00 215,35 | 2895,60 214,00
2640,00 208,39 2640,00 215,35 | 2971,80 214,10
2670,00 208,55 2670,00 215,35 | 3048,00 214,21
2700,00 208,70 2700,00 215,35 | 3124,20 214,31
2730,00 208,85 2730,00 215,35 | 3200,40 214,41
2760,00 209,01 2760,00 215,35 | 3276,60 214,51
2790,00 209,16 2790,00 215,35 | 3352,80 214,61
2820,00 209,31 2820,00 215,35 | 3429,00 214,70

XVI




2850,00 209,47 2850,00 215,35 | 3505,20 214,79
2880,00 209,62 2880,00 215,35 | 3581,40 214,88
2910,00 209,77 2910,00 215,35 | 3592,90 214,89
2940,00 209,92 2940,00 215,35 | 3593,90 214,89
2970,00 210,07 2970,00 215,35 | 3599,00 214,90
3000,00 210,22 3000,00 215,35 | 3600,00 214,90
3030,00 210,37 3030,00 215,35 | 3605,10 214,91
3060,00 210,52 3060,00 215,35 | 3606,09 214,91
3090,00 210,67 3090,00 215,35 | 3657,60 214,97
3120,00 210,82 3120,00 215,35 | 3733,80 215,05
3150,00 210,96 3150,00 215,35 | 3810,00 215,13
3180,00 211,11 3180,00 215,35 | 3886,20 215,20
3210,00 211,26 3210,00 215,35 | 3962,40 215,28
3240,00 211,40 3240,00 215,35 | 4038,60 215,35
3270,00 211,55 3270,00 215,35 | 4045,90 215,35
3300,00 211,70 3300,00 215,35 | 4052,00 215,35
3330,00 211,84 3330,00 215,35

3360,00 211,98 3360,00 215,35

3390,00 212,13 3390,00 215,35

XVII



3420,00 212,27 3420,00 215,35
3450,00 212,42 3450,00 215,35
3480,00 212,56 3480,00 215,35
3510,00 212,70 3510,00 215,35
3540,00 212,84 3540,00 215,35
3570,00 212,98 3570,00 215,35
3600,00 213,12 3600,00 215,35
3630,00 213,26 3630,00 215,35
3660,00 213,40 3660,00 215,35
3690,00 213,54 3690,00 215,35
3700,00 213,59 3700,00 215,35
3720,00 213,68 3720,00 215,35
3750,00 213,82 3750,00 215,35
3780,00 213,96 3780,00 215,35
3810,00 214,09 3810,00 215,35
3840,00 214,23 3840,00 215,35
3870,00 214,37 3870,00 215,35
3900,00 214,50 3900,00 215,35

XVIII




3930,00 214,64 3930,00 215,35
3960,00 214,77 3960,00 215,35
3990,00 214,91 3990,00 215,35
4020,00 215,04 4020,00 215,35
4052,00 215,18 4052,00 215,35
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$combination of U to and T ci.

function [U_to new, T wb] = Uwillhite (U _temp,r wb,t,alpha,T f,k e,r to,...

T geo,r co,k cem,e to,r ci,e ci,SB,cp_an,my an,k ha,rho an,qg)

f t=log(2*sqgrt(alpha*t)/r wb)-0.29;

run_while=5;

Counter=0;

while run while>4;
Counter=Counter+1;
T wb=(T _f*f t+(k _e/(r to*U _temp)*T geo))/(f t+(k e/ (r to*U _temp)));

T ci=T wb+(r to*U temp*log(r wb/r co))/k cem*(T_f-T wb);

F tci=1/((1l/e_to)+((r_to/r ci)*(1l/e _ci-1)));
$Temperatures i Rankin (T (R)=T(F)+460)

h r=SB*F tci* ((T f+460) .72+ (T ci+460).72)* ((T_£+460)+ (T ci+460));

T_an:(T_f+T_ci)/2; $Temp in Annulus, F
betta=1/(T_an+460); $Temp in R

%Prandtl number, Pr

Pr=(cp_an*my an)/k_ha;

$Grashof number, Gr

Gr=((r_ci-r to).”3*g*rho_an.”"2*betta*(T_£f-T ci))/my an.”2;

h_c=((0.049*% (Gr*Pr) .~ (1/3))* (Pr.~0.074)*k_ha)/(r_to*log(r ci/r to));

%$0Overall heat transfer coefficient, Btu/hr sgq ft F

U to new=(1/(h c+h r)+(r to*log(r wb/r co))/k cem)."-1;

%$Margin of error in the iterative approach
if abs (U _to new-U temp)<le-10

break
else

U temp=U to new;
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end

end

disp(['Counter:' num2str (Counter)]);

end
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$Flip matrix in input

B=flipud (input) ;

$Sorting parameters in Excel file
MD=B(:,1)/.3048;

TVD=B (:,2)/.3048;

INC=B(:,3);

%$Horizontal inclination

HOR=90-INC;

% %ft=in/12

% %ft=m/0.3048

%Defining shoe depth and top of cement for all sections. All given in ft.

%$7in liner, 13Cr-110
shoe7=4052/.3048;
toc7=3600/0.3048;
$Assuming that the production tubing and the liner has same diameter.
%$Tubing outside radius, ft
r to=7/2/12;

%$Thickness, ft

t 7=0.498/12;

%$Tubing inside radius, ft
r ti=r to-t_7;

$Radius of drill hole, ft

r wb 7=8.5/2/12;

%9 5/8in casing, P-110
shoe958=3600/.3048;
toc958=2120/.3048;
%$Casing outside radius, ft
r co 9=(9+5/8)/2/12;
%$Thickness, ft

t 9=0.545/12;
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%$Casing inside radius, ft
r ci 9=r co 9-t 9;
$Radius of drill hole, ft

r wb 9=12.25/2/12;

%13 3/8in casing, P-110
shoel338=2120/.3048;
tocl338=327/.3048;
%Casing outside radius, ft
r co 13=(13+3/8)/2/12;
$Thickness, ft

t 13=0.514/12;

%$Casing inside radius, ft
r ci 13=r co 13-t 13;
$Radius of drill hole, ft

r wb 13=17.5/2/12;

%20in casing, X-56
shoe20=1000/.3048;
toc20=327/.3048;

%Casing outside radius, ft
r co _20=20/2/12;
$Thickness, ft

t 20=0.635/12;

%Casing inside radius, ft
r ci 20=r co _20-t 20;
$Radius of drill hole, ft

r wb 20=26/2/12;

%$30in casing, X-52
shoe30=420/.3048;
toc30=327/.3048;

%$Casing outside radius, ft
r co _30=30/2/12;

$Thickness, ft
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t 30=1/12;

%Casing inside radius, ft
r ci 30=r co_30-t_30;
%$Radius of drill hole, ft

r wb 30=36/2/12;

$Mudline = ml, ft
ml=327/0.3048;
$Mudline temp = ml t, F

ml T=39.2;

%$Geothermal gradient, F/ft

g T=0.0144;

$Matrix, same size as MD/TVD

T geo=zeros(size (MD));

%$Geothermal temperature (F) given by:

T geo(:,1) = ml T+(TVD(:,1)-ml)*g T;

$Thermal properties of tubing, casing and formation.

$Thermal conductivity of formation from ILS, Btu/ (hr-ft-F)

k e=0.92;

$Thermal conductivity of tubing from ILS, Btu/ (hr-ft-F)

k tub=26.2;

%$Emissitvity of outside tubing surface, dimensionless

e to=0.9;

$Thermal conductivity of casing from ILS, Btu/ (hr-ft-F)

k csg=26.2;

$Emissitvity of outside casing surface (for all csg), dimensionless
e co=0.9;

%$Emissitvity of inside casing surface (for all csg), dimensionless
e ci=0.9;

$Thermal conductivity of cement from ILS, Btu/ (hr-ft-F)

k cem=0.568;

$Thermal diffusivity of formation/earth, sg ft/hr

alpha=0.04; $From Hasan and Kabir
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$Stefan-Boltzmann constant, Btu/sq ft hr R

SB=1.713e-9;

$Production and reservoir fluid data:
%$Assumed to produce "seawater"

$Production time, hr

t=2000;

%Reservoir temperature, F

T res=T geo;

$Total mas flow rate, lbm/sec (5000 m3/day)
W _sec=131.54;

%$Total mas flow rate, lbm/hr

W=W_ sec*3600;

%Heat capacity of wellbore fluid, Btu/lbm F

cp f=3974.1/4186.8; $from [J/kg K] to [Btu/lbm F]
$Annulus A data - ref nr.l. Seawater in annulus.

$Density of annular fluid from Wellcat, lbm/cu ft

rho anl=1031.1/16.01846; $from [kg/m3] to [lbm/cu ft]
$Platic viscosity of annular fluid from Wellcat, lbm/ft hr
my_an1=1.089/0.4133788732138; $from [cp] to [lbm/ft hr]
$Thermal conductivity of annular fluid, Btu/hr ft F

k anl1=0.601/1.7307; Sfrom [W/mK] to [Btu/hr ft F]

%Heat capasity of annular fluid, Btu/lbm F

cp_anl=3974.1/4186.8; $from [J/kg K] to [Btu/lbm F]
$Annulus B data - ref nr.2 Seawater in annulus.

$Density of annular fluid from Wellcat, lbm/cu ft

rho an2=1031.1/16.01846; $from [kg/m3] to [lbm/cu ft]
$Platic viscosity of annular fluid from Wellcat, lbm/ft hr

my an2=1.089/0.4133788732138; $from [cp] to [lbm/ft hr]
$Thermal conductivity of annular fluid, Btu/hr ft F

k an2=0.601/1.7307; $from [W/mK] to [Btu/hr ft F]
$Heat capasity of annular fluid, Btu/lbm F

cp_an2=3974.1/4186.8; $from [J/kg K] to [Btu/lbm F]
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$Accelration due to gravity, ft/sec”2
g=32.2;
$Conversion factor, lbm ft/lbf sg sec
g _c=32.2;
%Accelration due to gravity, ft/hr"2
g hr=32.2*3600."2;
$Mechanical equivalent of heat, ft-1bf/Btu

J=778;

$Creating matrix of T f and U to with same size as MD/TVD
T £ = zeros(size(MD));
U to =T £;

T co=zeros(size(MD));

T wb=zeros(size(MD));

%Defining the first step for those variables were that is needed:

$First U to - over-all heat transfer coefficient, Btu/hr sq ft F
U to(l)=(r_to*log(r to/r ti)/k tub + r to*log(r wb 7/r to)/k cem)."-1;
% %$Assuming thermal conducitivty in tubing and casing is high;
$ $T ti=T to
% %Neglecting resistance in the tubing.
% U to(l)=(r_ to*log(r wb 7/r to)/k cem)."-1;
$First T _f is assumed to be like the reservoir temp, F.
T_£(1)=T_res(1l);
Counter=0;
for i=2:1length (MD)
%Case 1
if MD(i)<=shoe7 && MD(i)>=shoe958
U to(i)=U to(1l);
[T £(i), T wb(i)] = TUpredl (T f(i-1),U to(i),MD(i-1),MD(i),...

T geo(i-1),T geo(i),alpha,t,r wb 7,cp f,W,k e, r to,qg,...

HOR(i),9_¢,J,9_T);
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%Case 2
elseif MD(1i)<shoe958 && MD(i)>=shoel338
[U_to (1), T £(i), T co(i), T wb(i)] = TUpred2(T_f(i-1),...
U to(i-1),MD(i-1),MD(i),T geo(i-1),T geo(i),HOR(i),alpha, ...
t,r wb 9,k e,r to,r co 9,k cem,r ci 9,k csg,cp_anl,my anl, ...
k anl,g hr,rho _anl,k tub,r ti,e to,e c¢i,SB,cp f,W,q9,9 ¢,J,g T);
%Case 3
elseif MD(1i)<shoel338 && MD(i)>=shoe20
[U to(i), T f£(i), T co(i), T wb(i)] = TUpred3(T_£f(i-1),...
U to(i-1),MD(i-1),MD(i),T geo(i-1),T geo(i),HOR(i), ...
T co(i-1),alpha,t,r wb 13,r to,k e,r co 13,k cem,r ci 13,...
k csg,r co 9,e co,e ci,SB,cp_an2,my an2,k an2,rho _an2,g _hr,...
e to,r ci 9,cp anl,my anl,k anl,rho anl,r ti,g,g c,J,cp_£f,...
g T,k _tub,W);
%Case 4
elseif MD(i)<shoe20 & MD(1i)>=shoe30
[U to(i), T f(i), T co(i), T wb(i)] = TUpred4 (T f(i-1),...
U to(i-1),MD(i-1),MD(i),T geo(i-1),T geo(i),HOR(i),...
T co(i-1),alpha,t,r wb 20,r to,k e,r co 13,k cem,r ci 13,...
k csg,r co 9,e co,e ci,SB,cp_an2,my an2,k an2,rho _an2,g _hr,...
e to,r ci 9,cp _anl,my anl,k anl,rho anl,r ti,g,g c,Jd,cp_£f,...
g T,k _tub,W,r co 20,r ci 20);
%Case 5
elseif MD(i)<shoe30 & MD(i)>=ml
[U to(i), T f£(i), T co(i), T wb(i)] = TUpred5(T_£f(i-1),...
U to(i-1),MD(i-1),MD(i),T geo(i-1),T geo(i),HOR(i),...
T co(i-1),alpha,t,r wb 30,r to,k e,r co 13,k cem,r ci 13,...
k csg,r co 9,e co,e ci,SB,cp_an2,my an2,k an2,rho _an2,g hr,...
e to,r ci 9,cp anl,my anl,k anl,rho anl,r ti,g,g c,Jd,cp_£f,...
g T,k tub,W,r co 20,r ci 20,r co 30,r ci 30);
end

end
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function [T _f, T wb 7] = TUpredl (T prev,U i,MD prev,MD,T g prev,T g,...

alpha,t,r wb 7,cp f,W,k e,r to,g,hor,g ¢,J,g T)

sWhere:

$T _prev=T f(i-1)
%U_1=U_to (1)

$MD prev=MD (i-1)
$MD=MD (i)

$T _g prev=T geo(i-1)
$T g=T geo (1)

$hor=HOR (i)

$Transient time function, dimensionless.

oo

f t=log(2*sqgrt (alpha*t)/r wb 7)-0.29;

$Tranisent time function, dimensionless.

$(1994)

t D=alpha*t/r wb 7;

if t D>=le-10 && t D<=1.5

Devloped by Ramey (1962)

Developed by Hasan and Kabir

f £t=1.1281*sqrt(t_D)*(1-0.3*sqgrt(t D))

else

f t=(0.4063+0.5*log(t D))*(1+0.6/t D);

end

$Temperature at cement-formation interface, F

T wb 7=(T prev*f t + (k e/(r_to*U i)*T g))/(f t + (k_e/(r to*U i)));

$Inverse relaxation distance, ft

A=cp f*W/ (2*pi)* ((k_e+(r to*U _i*f t))/(r_to*U i*k e));

$Temperature of flowing fluid, F

T f=T g + A*(l-exp((-MD prev+MD) /A))* (-g*sin(degtorad(hor)) /...

(g_c*J*cp _f) + g T*sin(degtorad(hor))) + exp((-MD _prev+MD)/A)*...

(T _prev-T g prev);



$Transient time function, dimensionless. Devloped by Ramey (1962)

o

f t=log(2*sqgrt(alpha*t)/r wb 9)-0.29;

$Tranisent time function, dimensionless. Developed by Hasan and Kabir
$(1994)

t D=alpha*t/r wb_ 9;

if t D>=le-10 && t D<=1.5

f t=1.1281*sqrt(t_D)*(1-0.3*sqgrt(t D))
else

f t=(0.4063+0.5*1log(t_D))*(1+0.6/t _D);

end

run_while=2;

Counter2=0;

while run while>1;
Counter2=Counter2+1;
$Temperature at cement-formation interface, F
T wb 9=(T prev*f t + (k e/(r to*U prev)*T g))/...
(f t + (k_e/(r_to*U prev)));
$Temperature outside of 9 5/8 casing surface, F
T co 9=T wb 9 + r to*U prev*(log(r wb 9/r co 9)/k cem)* (T prev-T wb 9);
$Temperature inside of 9 5/8 casing surface, F

T ci 9=T co 9 + r to*U prev*log(r co 9/r ci 9)/k csg* (T prev-T wb 9);

% $Assuming thermal conducitivty in tubing and casing is high;

oe

T _ti=T to and T ci=T co

oe

$Temperature outside of 9 5/8 casing surface, F

oe

T co _9=T wb 9+...

o\©

(r to*U prev* (log(r wb 9/r co 9)/k cem)* (T prev-T wb 9));

o\©

$Temperature inside of 9 5/8 casing surface, F

oe

T ci 9=T co 9;
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$View factor based on outside tubing and inside casing surfaces,
%dimensionless

F tci=1/((1l/e_to)+((r_to/r ci 9)*(1l/e ci-1)));

$Heat transfer for radiation, Btu/hr sq ft F

$Temperatures i Rankin (T (R)=T(F)+460)

h r=SB*F tci* ((T_prev+460) .72 + (T_ci 9+460).72)*...

((T_prev+460) + (T _ci 9+460));

%$Temp in Annulus, F

T an=(T prev+T ci 9)/2;

%Betta,temp in R

betta=1/(T_an+460);

$Prandtl number, Pr, dim.less

Pr=(cp_anl*my anl)/k_anl;

$Grashof number, Gr, dim.less

Gr=((r ci 9-r to)."3*g hr*rho anl.”2*betta*abs (T prev-T ci 9))/...

my anl.”2;

$Heat transfet for natrual convection, Btu/hr sg ft F

h c¢=((0.049* (Gr*Pr)."(1/3))*(Pr.”0.074) *k_anl)/(r_to*log(r_ci 9/r to));

$0Over—-all heat transfer coefficient, Btu/hr sq ft F
U new=1/(1/(h c+h r)+(r to*log(r wb 9/r co 9))/k cem+...

(r to*log(r to/r ti))/k _tub+(r to*log(r co 9/r ci 9))/k _csg);

oe

%$For the assumption

oe

$Over-all heat transfer coefficient, Btu/hr sq ft F

% U new=1/(1/(h _c+h r)+(r to*log(r wb 9/r co 9))/k cem);

%$Margin of error in the iterative approach

if abs (U_new-U_prev)<le-10
$Inverse relaxation distance, ft
A=cp f*W/ (2*pi)* ((k _e+r to*U new*f t)/(r to*U new*k e));
$Temperature of flowing fluid, F

T new = T g + A*(l-exp((-MD prev+MD 1i)/A))*...
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%Where:
$T _prev=T f(i-1)
$T new=T f (1)
%U_prev=U_to(i-1)
%U_new=U_to (1)
$MD prev=MD (i-1)
$MD_i=MD (i)
$T _g prev=T geo(i-1)
$T g=T geo(i))
$hor=HOR (i)
$T _co_new=T co (1)

$T co _prev=T co(i-1)

oo

Transient time function, dimensionless. Devloped by Ramey (1962)

o

f_t:log(Z*sqrt(alpha*t)/r_wb_l3)—0.29;

oo

Tranisent time function, dimensionless. Developed by Hasan and Kabir

o

(1994)

t D=alpha*t/r wb 13;

if t D>=le-10 && t D<=1.5

f £t=1.1281*sqrt(t_D)*(1-0.3*sqgrt(t D))
else

f t=(0.4063+0.5*1log(t_D))*(1+0.6/t _D);

end

run_whilea=2;
run_whileb=2;
Counter3a=0;
Counter3b=0;

U new=10;

while run whilea>1;
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o

o

oo

Counter3a=Counter3a+l;
$Temperature at cement-formation interface, F
T wb 13=(T _prev*f t + (k_e/(r to*U prev)*T g))/...
(f t + (k e/ (r to*U prev)));
$Temperature inside of 13 3/8 casing surface, F
T ci 13=T wb 13 + (r_to*U prev*(log(r wb 13/r co 13)/k _cem +...

log(r co 13/r ci 13)/k csg)* (T prev-T wb 13));

%$Assuming thermal conducitivty in tubing and casing is high;

$T ti=T to, T ci 9=T co 9 and T ci 13=T co 13

T ci 13=T wb 13 + (r_to*U prev*(log(r wb 13/r co 13)/k _cem)*...

(T _prev-T wb 13));

%$B Annulus calculations

$View factor based on outside tubing and inside casing surfaces,
%dimensionless

F tci=1/((1/e_co)+((r co 9/r ci 13)*(1l/e ci-1)));

$Heat transfer for radiation in B-annulus, Btu/hr sq ft F
$Temperatures i Rankin (T (R)=T(F)+460)

h r2=8SB*F tci* ((T _co prev+460) .72+ (T _ci 13+460).72)*...

((T_co_prev+460)+(T_ci 13+460));

%Temp in Annulus B, F

T an2=(T_co_prev+T ci 13)/2;

%Betta,temp in R

betta2=1/(T_an2+460) ;

%$Prandtl number, Pr, dim.less

Pr2=(cp_an2*my an2)/k _an2;

$Grashof number, Gr, dim.less

Gr2=((r_ci 13-r co_9).73*g hr*rho an2.”72*...
betta2*abs(T_co prev-T ci 13))/my_an2."2;

$Heat transfet for natrual convection in B-annulus, Btu/hr sqg ft

h c2=((0.049* (Gr2*Pr2) .7 (1/3))*(Pr2.70.074) *k_an2)/...

(r co 9*log(r ci 13/r co 9));
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ft

XL

$New temperature outside of 9 5/8 casing surface, F

T co new=T ci 13 + r to*U prev/(r co 9*(h r2+h c2))* (T _prev-T wb 13);

%$Margin of error in the iterative approach
if abs(T_co_new-T_co _prev)<le-10
while run whileb>1;
Counter3b=Counter3b+1;
$Temperature inside of 9 5/8 casing surface, F
T ci 9=T co new + r to*U prev*log(r co 9/r ci 9)/...

k csg* (T _prev-T wb 13);

$For the assumption

T ci 9=T co_new;

$A annulus calculations

%$View factor based on outside tubing and inside casing surfaces
%dimensionless

F tci=1/((1l/e_to)+((r_to/r ci 9)*(l/e ci-1)));

$Heat transfer for radiation in A-annulus, Btu/hr sqg ft F
$Temperatures i Rankin (T (R)=T(F)+460)

h r=SB*F tci* ((T_prev+460) .72+ (T_ci 9+460).72)*...

((T_prev+460)+ (T _ci 9+460));

$Temp in Annulus A, F

T an=(T _prev+T ci 9)/2;

%Betta,temp in R

betta=1/(T_an+460);

$Prandtl number, Pr, dim.less

Pr=(cp_anl*my anl)/k anl;

%Grashof number, Gr, dim.less

Gr=((r_ci 9-r to).”3*g hr*rho anl.”2*...
betta*abs (T _prev-T ci 9))/my anl.’2;

$Heat transfet for natrual convection in A-annulus, Btu/hr sqg



h ¢c=((0.049* (Gr*Pr) .~ (1/3))*(Pr.”0.074)*k _anl)/...

(r to*log(r _ci 9/r to));

$0Over—-all heat transfer coefficient, Btu/hr sq ft F
U_new=1/(1/(h_c+h_r)+r_to/((h_c2+h_r2)*r co_9)+...

(r to*log(r wb 13/r co 13))/k cem+(r to*...

log(r co 13/r ci 13))/k_csg+(r _to*log(r co 9/r ci 9))/...

k_csg+(r_to*log(r to/r ti))/k tub);

$For the assumption
$0Over—-all heat transfer coefficient, Btu/hr sqg ft F
U new=1/(1/(h_c+h_r)+r_to/((h_c2+h r2)*r co_9)+...

(r to*log(r wb 13/r co 13))/k_cem);

if abs (U _new-U prev)<le-10

$Inverse relaxation distance, ft

A=cp f*W/(2*pi)* ((k_e+r to*U new*f t)/(r to*U new*k e));

$Temperature of flowing fluid, F
T new = T g + A*(l-exp((-MD _prev+MD 1i)/A))*...

(-g*sin(degtorad(hor))/ (g _c*J*cp f) +...

g T*sin(degtorad(hor))) + exp((-MD prev+MD i) /A)*...

(T _prev-T_ g _prev);
break
elseif Counter3b==100;
Counter3b=0;
break
else

U prev=U new;

end

end

else

end

T co prev=T co new;
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$U prev=U to(i-1)
%U_new=U_to (1)

%MD prev=MD (i-1)
$MD_ 1=MD (1)

$T_g prev=T geo(i-1)
$T _g=T geo(i))
$hor=HOR (1)

$T _co_new=T co (1)

$T _co _pres=T co(i-1)

%$Transient time function, dimensionless. Devloped by Ramey (1962)

% f t=log(2*sqgrt(alpha*t)/r wb 20)-0.29;

%$Tranisent time function, dimensionless. Developed by Hasan and Kabir
$(1994)

t D=alpha*t/r wb 20;

if t D>=le-10 && t D<=1.5

f £=1.1281*sqrt(t D) *(1-0.3*sqrt(t D))
else

f t=(0.4063+0.5*log(t D))*(1+0.6/t D);

end

run_whilea=2;
run_whileb=2;
Counter4a=0;
Counter4b=0;

U new=10;

while run whilea>1;
Counterd4a=Counterda+l;
$Temperature at cement-formation interface, F
T wb 20=(T prev*f t + (k_e/(r_to*U prev)*T g))/...

(f t + (k e/ (r to*U prev)));
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$Temperature inside of 13 3/8 casing surface, F
T ci 13=T wb 20 + (r_to*U prev*(log(r wb 20/r co 20)/k _cem +...
log(r _co 20/r ci 20)/k _csg + log(r _ci 20/r co 13)/k cem +...

log(r co 13/r ci 13)/k _csg)* (T prev-T wb 20));

o

%$Assuming thermal conducitivty in tubing and casing is high;

% $T ti=T to, T ci 9=T co 9, T ci 13=T co 13 and T ci 20=T co 20

o

T ci 13=T wb 20 + (r_to*U prev*(log(r wb 20/r co 20)/k _cem +...

o

log(r _ci 20/r co_13)/k _cem)* (T _prev-T wb 20));

%$B Annulus calculations

$View factor based on outside tubing and inside casing surfaces,
%dimensionless

F tci=1/((1/e_co)+((r co 9/r ci 13)*(1l/e ci-1)));

$Heat transfer for radiation in B-annulus, Btu/hr sq ft F
$Temperatures i Rankin (T (R)=T(F)+460)

h r2=SB*F tci* ((T_co prev+460) .72+ (T _ci 13+460).72)*...

((T_co_prev+460)+(T_ci 13+460));

%Temp in Annulus B, F

T an2=(T_co_prev+T ci 13)/2;

%Betta,temp in R

betta2=1/(T_an2+460) ;

%$Prandtl number, Pr, dim.less

Pr2=(cp_an2*my an2)/k _an2;

$Grashof number, Gr, dim.less

Gr2=((r_ci 13-r co_9).73*g hr*rho an2.”72*...
betta2*abs (T _co prev-T ci 13))/my an2."2;

$Heat transfet for natrual convection in B-annulus, Btu/hr sq ft F

h c2=((0.049* (Gr2*Pr2) .7 (1/3))*(Pr2.70.074) *k_an2)/...

(r co 9*log(r ci 13/r co 9));

$New temperature outside of 9 5/8 casing surface, F

T co new=T ci 13 + r_to*U_prev/(r_co_9*(h_r2+h_c2))*(T_prev—T_wb_20);
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%$Margin of error in the iterative approach
if abs(T_co_new-T_co_prev)<le-10
while run whileb>1;
Counter4b=Counter4b+1;
$Temperature inside of 9 5/8 casing surface, F
T ci 9=T co new + r to*U prev*log(r co 9/r ci 9)/...

k csg* (T _prev-T wb 20);

$For the assumption

T ci 9=T co_new;

%A annulus calculations

%View factor based on outside tubing and inside casing

surfaces,
%dimensionless
F tci=1/((1/e_to)+((r _to/r ci 9)*(1l/e ci-1)));
$Heat transfer for radiation in A-annulus, Btu/hr sq ft F
$Temperatures i Rankin (T (R)=T(F)+460)
h r=SB*F tci* ((T_prev+460).72+(T_ci 9+460).%2)*...
((T_prev+460)+(T_ci 9+460));
%$Temp in Annulus A, F
T an=(T_prev+T ci 9)/2;
%Betta,temp in R
betta=1/(T_an+460);
%Prandtl number, Pr, dim.less
Pr=(cp_anl*my anl)/k _anl;
$Grashof number, Gr, dim.less
Gr=((r_ci 9-r to).”3*g _hr*rho anl.”2*...
betta*abs (T _prev-T ci 9))/my anl."2;
$Heat transfet for natrual convection in A-annulus, Btu/hr sg
ft F

h ¢c=((0.049* (Gr*Pr) .~ (1/3))*(Pr.”0.074)*k anl)/...

(r to*log(r _ci 9/r to));
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else

end
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$Over-all heat transfer coefficient, Btu/hr sg ft F
U_new=1/(1/(h_c+h_r)+r_to/((h_c2+h_r2)*r co_9) +...
(r to*log(r wb 20/r co 20))/k cem +...

(r to*log(r ci 20/r co 13))/k cem +...

(r to*log(r co 20/r ci 20))/k _csg +...

(r to*log(r co 13/r ci 13))/k _csg +...

(r to*log(r co 9/r ci 9))/k csg +...

(r to*log(r to/r ti))/k tub);

$For the assumption

$0Over—-all heat transfer coefficient, Btu/hr sqg ft F

U _new=1/(1/(h_c+h_r)+r_to/((h_c2+h _r2)*r co_ 9) +...
(r to*log(r wb 20/r co 20))/k cem +...

(r to*log(r ci 20/r co 13))/k _cem);

if abs (U _new-U prev)<le-10
$Inverse relaxation distance, ft
A=cp f*W/(2*pi)* ((k_e+r to*U new*f t)/(r to*U new*k e));
$Temperature of flowing fluid, F
T new = T g + A*(l-exp((-MD _prev+MD 1i)/A))*...
(-g*sin(degtorad(hor))/ (g _c*J*cp f) +...
g _T*sin(degtorad(hor))) + exp((-MD prev+MD i) /A)*...
(T _prev-T g prev);
break
elseif Counter4b==100
Counter4b=0;
break
else
U prev=U new;
end

end

T co prev=T co new;



$U prev=U to(i-1)
%U_new=U_to (1)
%MD prev=MD (i-1)
$MD_ 1=MD (1)
$T_g prev=T geo(i-1)
$T _g=T geo(i))
$hor=HOR (1)
$T _co_new=T co (1)

$T _co _pres=T co(i-1)

%$Transient time function, dimensionless. Devloped by Ramey (1962)

% f t=log(2*sqgrt(alpha*t)/r wb 30)-0.29;

%$Tranisent time function, dimensionless. Developed by Hasan and Kabir
$(1994)

t D=alpha*t/r wb 30;

if t D>=le-10 && t D<=1.5

f £=1.1281*sqrt(t D) *(1-0.3*sqrt(t D))
else

f t=(0.4063+0.5*log(t D))*(1+0.6/t D);

end

run_whilea=2;
run_whileb=2;
Counterba=0;
Counterbb=0;

U new=10;

while run whilea>1;
Counterba=Counterb5a+l;
$Temperature at cement-formation interface, F
T wb_30=(T _prev*f t + (k_e/(r_to*U prev)*T g))/...
(f t + (k_e/(r_to*U prev)));

$Temperature inside of 13 3/8 casing surface, F
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T ci 13=T wb 30 + (r_ to*U prev*(log(r wb 30/r co 30)/k cem +...
log(r _co 30/r ci 30)/k _csg + log(r _ci 30/r co 20)/k cem +...
log(r _co 20/r ci 20)/k _csg + log(r _ci 20/r co 13)/k cem +...

log(r co 13/r ci 13)/k csg)* (T prev-T wb 30));

%$Assuming thermal conducitivty in tubing and casing is high;

$T ti=T to, T ci 9=T co 9, T ci 13=T co 13, T ci 20=T co 20 and
$T _ci 30=T co_30

T ci 13=T wb 30 + (r_to*U prev*(log(r wb 30/r co 30)/k cem +...

log(r ci 30/r co 20)/k cem + log(r ci 20/r co 13)/k cem));

%$B Annulus calculations

$View factor based on outside tubing and inside casing surfaces,
%dimensionless

F tci=1/((1/e_co)+((r co 9/r ci 13)*(1l/e ci-1)));

$Heat transfer for radiation in B-annulus, Btu/hr sq ft F
$Temperatures i Rankin (T (R)=T(F)+460)

h r2=SB*F tci* ((T_co prev+460) .72+ (T _ci 13+460).72)*...

((T_co_prev+460)+(T_ci 13+460));

%Temp in Annulus B, F

T an2=(T_co_prev+T ci 13)/2;

%Betta,temp in R

betta2=1/(T_an2+460) ;

%$Prandtl number, Pr, dim.less

Pr2=(cp_an2*my an2)/k _an2;

$Grashof number, Gr, dim.less

Gr2=((r_ci 13-r co_9).73*g hr*rho an2.”72*...
betta2*abs (T _co prev-T ci 13))/my an2."2;

$Heat transfet for natrual convection in B-annulus, Btu/hr sq ft F

h c2=((0.049* (Gr2*Pr2) .7 (1/3))*(Pr2.70.074) *k_an2)/...

(r co 9*log(r ci 13/r co 9));

$New temperature outside of 9 5/8 casing surface, F

T co new=T ci 13 + r_to*U_prev/(r_co_9*(h_r2+h_c2))*(T_prev—T_wb_BO);
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%$Margin of error in the iterative approach
if abs(T_co_new-T_co_prev)<le-10
while run whileb>1;
Counterbb=Counter5b+1;
$Temperature inside of 9 5/8 casing surface, F
T ci 9=T co new + r to*U prev*log(r co 9/r ci 9)/k csg*...

(T _prev-T wb 30);

$For the assumption

T ci 9=T co_new;

$A annulus calculations

%$View factor based on outside tubing and inside casing surfaces
%dimensionless

F tci=1/((1l/e_to)+((r_to/r ci 9)*(l/e ci-1)));

$Heat transfer for radiation in A-annulus, Btu/hr sqg ft F
$Temperatures i Rankin (T (R)=T(F)+460)

h r=SB*F tci* ((T_prev+460) .72+ (T _ci 9+460).72)*...

((T_prev+460)+ (T _ci 9+460));

$Temp in Annulus A, F

T an=(T _prev+T ci 9)/2;

%Betta,temp in R

betta=1/(T_an+460);

$Prandtl number, Pr, dim.less

Pr=(cp_anl*my anl)/k anl;

%Grashof number, Gr, dim.less

Gr=((r_ci 9-r to).”3*g hr*rho anl.”2*...
betta*abs (T prev-T ci 9))/my anl.”2;

$Heat transfet for natrual convection in A-annulus, Btu/hr sqg

h c¢=((0.049* (Gr*Pr)."(1/3))*(Pr.”0.074)*k_anl)/...

(r to*log(r ci 9/r to));



$Over-all heat transfer coefficient, Btu/hr sqg ft F

U_new=1/(1/(h_c+h_r)+r_to/((h_c2+h_r2)*r co_9) +...

oo

oo

oo

oo

end

(r to*log(r wb 30/r co 30))/k cem +...

(r to*log(r co 30/r ci 30))/k csg +...
(r to*log(r ci 30/r co 20))/k cem +...
(r to*log(r co 20/r ci 20))/k _csg +...
(r to*log(r ci 20/r co 13))/k cem +...
(r to*log(r co 13/r ci 13))/k _csg +...

(r_to*log(r co 9/r ci 9))/k _csg +...

(r to*log(r to/r ti))/k_tub);

%$For the assumption

%$0ver—-all heat transfer coefficient,

Btu/hr sg ft F

U new=1/(1/(h_c+h r)+r to/((h _c2+h r2)*r co 9)

if a

else

else

end

(r to*log(r wb 30/r co 30))/k cem +...

(r to*log(r ci 30/r co 20))/k cem +...

(r to*log(r ci 20/r co 13))/k _cem);

bs (U new-U prev)<le-10

$Inverse relaxation distance, ft

A=cp f*W/(2*pi)* ((k_e+r to*U new*f t)/(r to*U new*k e));

$Temperature of flowing fluid, F

T new = T g + A*(l-exp((-MD prev+MD 1i)/A))*...

(-g*sin(degtorad(hor))/ (g _c*J*cp f) +...

g T*sin(degtorad(hor))) + exp((-MD prev+MD i) /A)*...

(T _prev-T g prev);
break
if Counter5b==100
Counterbb=0;

break

U prev=U new;

+...
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else
T co prev=T co new;

end

if abs (T _co _new-T co prev)<le-10 && abs (U new-U prev)<le-10

break
end
end
disp(['Counter for case 5a:' num2str (Counterba(end))]);
disp(['Counter for case 5b:' num2str (Counter5b(end))]);
end
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