Solution of a Single Nonlinear (Implicit) Algebraic Equation
with POLYMATH and MATLAB, Parametric Studies with
MATLAB

A single nonlinear equation can be written in the form
f(x)=0

where f'is a function and x is the unknown. Additional explicit

equations may also be included.

Typical examples belonging to this category include:

**Solving various equations of state for molar volume and/or

compressibility factor

“»Bubble point, dew point and isothermal flash calculations for

ideal multi-component mixtures

+»Calculation of adiabatic flame temperature in combustion.

+¢ Calculation of the flow rate in a pipeline.

Calculation of the Flow Rate in A Pipeline

Figure 4-9 Fipeline at Steady State

Consider the pipeline which delivers water at constant
temperature 7" = 60 °F from point 1 where the pressure is p; =
150 psig and the elevation is z; = 0 ft to point 2 where the
pressure is atmospheric and the elevation is z, = 300 ft.




Calculation of the Flow Rate in A Pipeline - Assignments

(a) Calculate, using POLYMATH, the flow rate q (in gal/min) for
a pipeline with effective length of L = 1000 ft and made of
nominal 8-inch diameter schedule 40 commercial steel pipe.
(Solution: v =11.61 ft/s, gpm = 1811 gal/min)

(b) Use MATLAB to calculate the flow velocities in ft/s and flow
rates in gal/min for pipelines at 60 °F with effective lengths of L
=500, 1000, ... 10000 ft and made of nominal 4, 5, 6 and 8-inch
schedule 40 commercial steel pipe.

Present the results in tabular form and prepare plots of flow
velocity v versus D and L and flow rate g versus D and L.

Calculation of the Flow Rate in A Pipeline — Model Equations

The general mechanical energy balance on an incompressible liquid
applied to this case yields
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where v is the flow velocity in ft/s, g is the acceleration of gravity
given by g = 32.174 ft/s?, Az = z2 - zI is the difference in elevation
(ft), g, 1s a conversion factor (in English units g, =32.174
ftlbm/Ibf-s?), AP = P, - P, is the difference in pressure Ibm/ft?), fF
is the Fanning friction factor, L is the length of the pipe (ft) and Dis
the inside diameter of the pipe (ft).
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® Turbulent flow

£ (pipe roughness) = 0.00015 ft for commercial steel pipes




Calculation of the Flow Rate in A Pipeline — Model Equations

The flow velocity in the pipeline can be converted to flow rate by
multiplying it by the cross section are of the pipe, the density of
water (7.481 gal/ft3), and factor (60 s/min). Thus g has units of
(gal/min). The inside diameters (D) of nominal 4, 5, 6 and 8-inch
schedule 40 commercial steel pipes are 4.026 in, 5.047 in, 6.065 in
and 7.981 in, respectively.

The density and viscosity of the water can be calculated from the
equations:

p o= 6212200122 T— 154107 T + 2.65%107 T° = 22451070 7%

np = -110318+ 0L

where T is in °F, p is in Ib/ft, and p is in 1b,/ft - s,

Calculation of the Flow Rate in A Pipeline - POLYMATH Code

+§ POLYMATH 6.10 Educational Release - [Nonlinear Equations Solver]
File Program Edit Format Problem Examples Window Help

NEEH i2Rs . BEDEE @ A |27
L R A i ) E =43 Isafenewt 'l [~ Graph

|N0nlinear Equations: 1 |Auxiliary Eguations: 13 |\/ Ready for =olution

fiv) = v - sqri{{32.174 * deltaz + deltaP * 144 * 32.174 / rho) / {0.5 - 2 * fF * L/ D}} # Flow velocity (ft/s)

fF = 1T 0} Then {16 / Re} Else {1/ {16 * {log(eoD / 3.7 - 5.02 * log(ecD / 3.7 + 14.5 / Re) / Re}} * 2}}
[ Fanning friction factorfe sionless)

20D = epsilon / D # Pipe roughness wcter ratio (dimensionless)

Re =D *v * rho / vis # Reynolds number (dimesial
deltaz = 300 # Elevation difference (ft)

deltaP = -150 # Pressure difference (psi) . . e .
=80 Temperaie (g £ Note syntax of the implicit algebraic

L = 1000 # Effective length of pipe (ft) o o 0

D =7.981/ 12 # Inside diameter of pipe (ft) equatlon and the SOluthl'l range pr0V1ded
pi = 3.1416 # The constant pi

epsilon = 0.00015 # Surface rougness of the pipe (ft)

tho = 62122 =« T*{00122 + T*{-154e4 + 2B5e-7-T* 2.24e-10}}) # Fluid density (Ib/cu. ft.)
vis = exp(-11.0318 + 1057.51 / (T =2427624}} # Fluid viscosity (Ibm/ft-s)
et S 1 2 [ 47T 2 60 # Flow rate (gal/min)
/\,-{min: =1

vimax) = 2

The POLYMATH code provides complete
and clear documentation of the model




Calculation of the Flow Rate in A Pipeline - POLYMATH

Solution
Calculate the flow rate q (in DEEEtimBo ML BEEE
gal/min) for a pipeline with L
CffeCtiVe length Of L = 1000 Calculated values of NLE variables

. | |Variable|\lalue |f(x) |1n'|t'|aIGue55 |
ft and made of nominal 8- [t]e  _[1re13za]1243E14 105 (1. < v < 20.)]
inch diameter schedule 40 e
commercial steel pipe. 1o lo.6650633
. 2 |deltaP  |-150.
(Solution: v =11.61 ft/s, 3 delaz__|300.
. 4 leoD  |0.0002255
gpm = 1811 al/mln) 5 |epsilon |0.00015
6 |fF 0.003848
7L 1000.
s [pi 3.1416
99 [1810.966
10|Re 6.33E+05
11]rho 62.35304
12(T 60.
13 vis 0.0007609

Calculation of the Flow Rate in A Pipeline- Converting
POLYMATH Code to a MATLAB Function

-+ POLYMATH 6.10 Educational Release - [Nonlinear Equations Solver]
File Program Edit Format Problem  Examples Window  Help
DEEEH yRs AL BBEE @2 ! =7
o wg b 6 [] & | [saferewt x| T Giaph

‘Nonlinear Eguations: 1 ‘Aux\liary Equations: 13 |\/ Readyw

fiv) = v - sgrti{32 174 * deltaz + deltaP * 144 L2
[f= = If {Re < 2100} Then {16 / Re) Elsg
# Fanning friction factor 223

174 / tho) /(0.5 - 2 * fF = L / D)) # Flow velocity (ft/s)
{16 * {log{eoD / 3.7-5.02 * log(eoD / 3.7 + 14.5/ Re) / Re)} »
= ith o ==
=00 = epsilon / D # Pipe olymath SELERE =10l
Re =D *v*rho/vis#F £ General -]

deltaz = 300 # Elevation £ Graph
Request MATLAB

deltaP = -150 # Pressur - Linear Equations
T = 60 # Temperature (d | 2. (2 [y

L = 1000 # Effective leng Reparting digits =9 1

D =7.981/12 # Inside ¢ wB] Caloulate initial guess values = Fake funCtlon Output
pi = 3.1416 # The const; Font name = rial

epsilon = 0.00015 # Sur Fort size = 9.75

tho = 62 122 = T * (0 01 Bl s ek = T

vis = expi-11.0318 = 10f Auta unpaint on Byte size = 70

q=v pi*DAr2/4"7 48 Show comments in report = True

virmin) = 1

B Show Matlab farmated prablem in report = True
vimax) = 20

¢ Fast Newton
71 Safe Mewton
-] Sate Bropdn
A.T1 Conste MIF ﬂ

| Reset All Ezit |




Calculation of the Flow Rate in A Pipeline — A MATLAB
Function generated by POLYMATH

Line| Command, %Comment

1 wguess = 10.0; .

T [funciion fy = NLERu(v] Does not belong to the function

3 T = 80; %Temperature (deg F)

4 epsion = 0.00075; %eSurface rougness of the pipe (ft)

5 rio =62 122+ T " (00122 + T * (-1.84e4 + T * (2.65e-7 - T * 2.24e-10))); %Fluid densty (Ibicu. ft.)

8 delyz = 300; %Elevation difference (f)

T c:eltaR =-150; %Pressurs diference (psi)

] visg e\p(-11.0318 + 105751 /(T + 214 824)). %Fluid viscosity {lomF-=1

] L = 18QY; %Effective length of pipe (7] NOte that POLYMATH
10 D‘ = ?.EN 12; %inside diameter of pipe (i)

11 1P 3141 The constan pi reordered the equations
12 |eoNs epsilag)Q" %Pipe roughness to diameter ratio (dimensionle

12 |Re=07v"rho/is; %Reynolds number [dimensaressi— and Changed the SyntaX
14 |if {Re < 2100)4Famming fncbon factor (dimensicnless)

15 fF=(18/Re):

18 |el==

17 fF={1/(16" (log10{ecD /3.7 - 5.02 " log10{ecD /3.7 + 14.5/ Re) ! Re)) * Z));

18 |end

18 [g=w"pi*D "2/ 4 %Flow rate (=q. ft.'s)

20 |gom =q " 7.4581 " &0; %Flow rate (gom)

2 [fv=v-sgr((32.174 * deltaz + deltaP * 144 * 32174 frho) /(0.5 - 2 * fF * L/ O} %Flow velocity (ft's)

Template for Solving One Nonlinear Algebraic Equation®

Line | Command, %Comment
unciion % Insert here your file name atter funchon (Use Alphanumbenc nams colyl ——
clear, dc, format shor g format compact
= = is lins with the xguess ine{s) § .
disp{"Variable valuas at the intial estimate’);
disp([ Unknown valus " numZstrixguess)’ Funchion Value " num2str{MLERun(=gusss )]
wsolv=fzero|@MLEf U, xguess);
disp(’ Var ENMEE at the solufion’);
disp([' Unknown 1%*{:—' numZstrxsoly) ' Function Value ' num2sin{MLEfun{xsoh)]]1;
B o e e e e e S m o oo
B F=place this and the follawigg ine with the function copied from the Folymat repor—|
% Do not include the xgusss | ﬁET,B\}\

\/

f\—h Lo el e | B (] ] S I'n [ o%]

The MATLAB library function fzero is used to solve the

nonlinear equation
*Available in the HELP section of POLYMATH




\

/ fori=1:4

< ifabs(fvaly>le-10

Modifying the Template for Parametric Runs

D_list=[4.026/12 5.047/12 6.065/12 7.981/12]; % Inside diameter of pipe (ft)

T = 60; %Temperature (deg. F)

Pipe diameter loo

D =D_list(i); p p

=05

ffOI‘ L=500:500:10000 P]pe ]ength loop
j=i+h
L_list(j)=L; % Effective length of pipe
[v(j.1),fval]=fzero(@NLEfun,[1 20]4

disp([' No Convergence for L =" numh2str(L) ' and D ="' num2str(D)]);
end

qG,1) = v(,i) *pi *D "2 /4% 7.481
end

L 60; %Flow rate (gpm)

end Input D and L as parameters into the function

Calculation of the Flow Rate in A Pipeline — Results of
Parametric Runs

Moamaras g =T

T File Edt Debug Desktop ‘Window Help
D@ BB e | ?[eesEssea o] ] &

i Shortouts (7] HowtoAdd  [2] Wwhats New.

E FlowVelocity f/s)versus Pipe Lengthand Diameter 4
T Tabular Results
5 L D=4 D=S  D=é»  Da=i»
B 500 10773 12514 1415 17.035
4 1000 74207 éM48 57032 11613
il 1500 58721 4824 7051 9.3295
K 2000 51188 59341 48912 79953
- 1500 45403 52474 5938 7.0953
‘ 3000 41les  47TES 53861 44342
n 500 37868 43975 49592 5317
« 4000 35255  4.092  4.4l46 55165
i 4500 33082 184l4 43338 51815
5000 31§ ReNT 40953 44573
v 5500 2P6T7  14dTE  ZOFO7  4.6525
v 4000 28309 128%4  37L26 44415
v 4500 27104 11504 25SAL 4.2548
v TOOD 24035 30284 dLeP  d.0E9
i 7500 25077 29154 3282 33402
i 8000 24211 18154 21793 38059
i 3500 22424 ITM4 20789 14838
n §000  RIT0S  Lédll  1983r 15713
= Y500 22046 LSME 20972 14499
= 10000 21437 24843 LOITS 23752
ell =
g ﬂﬁlaﬂIPausEd.Pressanvkey 7

= 2 o




Calculation of the Flow Rate in A Pipeline — Improving the
Quality of Presentation by Exporting to Excel

L D=4" D=5" D=6" D=8"
500 10.773 12.516 14.15 17.035
1000 7.4207 8.6048 9.7032 11.613
1500 5.9721 6.9243 7.8051 9.3295
2000 5.1188 5.9361 6.6912 7.9953
2500 4.5409 5.2674 5.9382 7.0953
3000 4.1168 4.7769 5.3861 6.4362
3500 3.7888 4.3975 4.9592 5.927
4000 3.5255 4.093 4.6166 5.5185
4500 3.3082 3.8416 4.3338 5.1815
5000 3.1249 3.6297 4.0953 4.8973
5500 2.9677 3.4478 3.8907 4.6535
6000 2.8309 3.2896 3.7128 4.4415
6500 2.7106 3.1504 3.5561 4.2548
7000 2.6036 3.0266 3.4169 4.0889
7500 2.5077 2.9156 3.292 3.9402
8000 2.4211 2.8154 3.1793 3.8059
8500 2.3424 2.7244 3.0769 3.6838
9000 2.2706 2.6412 2.9832 3.5723
9500 2.2046 2.5648 2.8972 3.4698

10000 2.1437 2.4943 2.8179 3.3752

Calculation of the Flow Rate in A Pipeline — Results of
Parametric Runs
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Calculation of the Flow Rate in A Pipeline — Results of

Parametric Runs
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