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One way to find the friction factor of flow through a pipe is the approximation by

Colebrook-White AZUIIF professor S.E. Haaland first proposed in 1983. Like the Colebrook equation, this

1//f=-2 * log10[(¢/D)/3.7 + 2.51/(Re * V f)] formula is used to derive the friction factor for a full-flowing circular pipe. It was

constructed using experimental results of both laminar and turbulent flow studies.
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However, Haaland first derived his formula with the intention of making things simple.

The Haaland equation is better suited for hand calculations than any of the other

AT Colebrook-White AT FRBIEER R T A TR0 /50RIGH, ERTEEERE, A TRMZ Colebrook derivations. The formula s as follows:
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1 clc; clear; close all;

2 L = 5.68;

3 P_in = 2e6;

4 rho_1 = 1028.4;

5 rho_g = 52.540;

6 mu_l = 1.3819e-4;

7 mu_g = 1.315e-5;

8 sigma = 8.271e-3;

9 g = 9.81;

10 D_range = linspace(2e-3, 10e-3, 50);
31 x_out_list = [8.3, ©.5, ©.75];
12

1

14 hold on;

function delta_P = friedel_pressure_drop(x, rho_l, rho_g, mu_l, mu_g, sigma, D, G, g, dz, epsilon)

end

function f = haaland_friction_factor(Re, relative_roughness)
= (relative_roughness/3.7)71.11;

end

epsilon = 5Se-6; % & M EIEMREE NSHUK
figure('Position', [10©, 100, 800, 608]);

EXNIRTE

rho_tp = 1 / (x/rho_g + (1-x)/rho_1);
G*2 / (g * D * rho_tp"2);
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= haaland_friction_factor(Re_LO, epsilon/D);
= haaland_friction_factor(Re_GO, epsilon/D);
(1 - x)»2 + x*2 * (rho_1 * f_GO) / (rho_g * f_LO);

* D )/ (sigma*rho_tp);
*D / mu_l;
*D / mu_g;

X"8.78 * (1 - x)"8.24;

(rho_1l/rho_g)"@.91 * (mu_g/mu_l1)"0.19 * (1 - mu_g/mu_l)"0.7;
_LO.sq = E + (3.24 * F * H)/(Fr"0.045 * We~@.035);
delta_P_LO = 2 * £ LO * G*"2 * dz / (rho_l * D);

delta_P =

terml
term2

f = (-1.8 * logle(terml + term2))"(-2);

phi_LO_sq * delta_P_LO;

= 6.9/Re;
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colors = lines(length(x_out_list))j

for

end

k = 1:length(x_out_list)
x_out = x_out_list(k);
m_dot = (2.1 / x_out) * le-3;
delta_P_total = zeros(size(D_range));
for i = 1:length(D_range)
D = D_range(i);
A =pi * (Df2)72;
G = m_dot / A;
num_segments = 108,
delta_z = L / num_segments;
delta_P_segment = 9;
for j = 1l:num_segments
z=(j - 09.5) * delta_z;
X =x_out * (z / L);
delta_P_segment = delta_P_segment + friedel_pressure_drop(...
x, rho_1l, rho_g, mu_l, mu_g, sigma, D, G, g, delta_z, epsilon);
end
delta_P_total(i) = delta_P_segment;
end
plot(D_range*=100@, delta_P_total/le5, 'Color', colors(k,:), 'LineWidth', 2,
'DisplayName’, sprintf('x = %.2f, m = %.1f g/s', x_out, m_dot*1e6@)|);
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Figure 4: Pressure drop of CO,, CsF; and C,F¢ as a
function of tube diameter
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Liguid | Wepor | Liguid | %apor | Liguid | “apor | Liguid | Yapor Liquid “Wapar Liguid “Wapor Licquid Vapor
Temperature | Pressure| Density | Density | Enthalpy | Enthalpy| Entropy | Entropy Cp Cp Therm. Cond.| Therm. Cand. | Viscosity | Viscosity | Therm. Diff. | Therm. Diff.| Sud. Tension
(MPa) | (eg/m®) | (kafm | (kdikg) | (edikg) |(kdfeg-k | (kdfkg-k) | (kdfkgriC) | (klfkar€) | (iim-K) Wi} | (g/emes) | (g/cm-s) (eméfs) [eméfs) (Nfim)
1 -40.122 1.0000 | 11169 | 26.006 | 11266 | 435.30 | 066460 | 20491 | 20111 | 1.0322 0.15945 0.0125286 | 0.0019415 | 0.00011862 | 0.00070989 | 0.0046673 | 0.012708
2|  -38.790 1.0800 | 11117 | 27287 | 115.35 | 43557 | 067592 | 20423 | 2.0178 | 1.0447 0.15778 0.012668 | 0.0018983 | 0.00011839 | 0.00070339 | 0.0044438 | 0.012410
3] -37504 11000 | 11065 | 28572 | 117.85 | 435.81 | 0GBAS) | 20357 | 2.0247 | 1.0872 015617 0.012806 | 0.0018588 | 0.00012014 | 0.00063704 | 0.0042393 | 0.012124
4] -36.261 11500 | 11015 | 29.861 | 12048 | 436.03 | 0BY731 | 20294 | 20318 | 1.0698 0.15461 0.012942 | 0.0018204 | 0.00012067 | 0.00069083 | 0.0040514 | 0.011844
5| -35.057 1.2000 | 10967 | 31153 | 12293 | 436.22 | 070746 | 20233 | 20389 | 1.0824 0.18311 0.013077 | 0.0017850 | 0.0001271586 | 0.00066476 | 00038781 | 0.011563
B -33.890 1.2500 | 10819 | 32450 | 12532 | 436.39 | 071727 | 20174 | 20462 | 1.0850 0.15166 0.013211 | 0.0017508 | 0.00012227 | 0.00067581 | 00037178 | 0.011327
7| 323757 1.3000 | 10872 | 33762 | 12765 | 43654 | 072677 | 20117 | 20536 | 1.1077 015026 0.013344 | 0.0017184 | 0.00012296 | 0.00067258 | 0.0035690 |  0.011080
-31.855 1.3500 | 10827 | 35057 | 12991 | 43666 | 073600 | 20062 | 20811 | 1.1205 0.14830 0.013476 | 0.0016875 | 0.00012362 | 0.0006E725 | 0.0034305 | 0.010840
-30.583 1.4000 | 1078.2 | 36.368 | 13213 | 436.77 | 074496 | 20009 | 20688 | 1.1334 0.14757 0.013607 | 0.0016560 | 0.00012426 | 0.00066162 | 0.0033012 | 0.010604
-249.539 1.4500 | 10738 | 37664 | 13429 | 436.66 | 075367 | 19957 | 2.0765 | 1.1464 0.14629 0.013736 | 0.0016297 | 0.00012493 | 0.00065608 | 0.0031802 | 0.010383
1| -zE21 1.5000 | 10695 | 39.005 | 13641 | 436.93 | 076215 | 19506 | 2.0844 | 1.1595 0.14504 0.013863 | 0:0016027 | 0.00012656 | 0.00065062 | 0.0030667 | 0.010164
12| -27528 16600 | 10652 | 40331 | 13548 | 436.95 | 077042 | 19857 | 2.0925 | 1.1727 0.14382 0.013393 | 0.0015767 | 0.00012619 | 0.00064525 | 0.0029600 | 0.0089518
13]  -26.557 1.6000 | 1061.0 | 41663 | 14052 | 437.02 | 077848 | 19609 [ 21006 | 1.1860 0.14263 0.014129 | 0.0015518 | 0.00012660 | 0.00063985 | 0.0026594 | 0.0087453
14] -25.609 1.6500 | 10569 | 43.001 | 14251 | 437.05 | 070636 | 19762 | 21089 | 1.1994 0.14147 0.014259 | 0.0015278 | 0.00012741 | 0.00063472 | 0.0027646 | 0.0095444
15] -24.682 1.7000 | 10528 | 44345 | 14446 | 437.06 [ 0759405 | 19716 | 21174 | 1.2131 0.14034 0.014389 | 0.0015048 | 0.00012601 | 0.00062956 | 00026749 | 0.0093487
16|  -23.775 1.7600 | 10488 | 45634 | 146.38 | 437.05 | 080167 | 19672 | 21260 | 1.2268 0.13923 0.014513 | 0.0014825 | 0.00012861 | 0.00062446 | 0.0025899 | 0.00315749
17| -22.886 1.8000 | 10448 | 47.080 | 14827 | 437.04 | 080894 | 19628 | 21347 | 1.2407 013815 0.014643 | 0.0014610 | 0.00012520 | 0.00061943 | 0.0026093 | 0.00897149
18] -zed1s 1.6500 | 1040.9 | 48.413 | 15013 | 437.01 | DBT616 | 19685 | 21435 | 1.2649 0.13709 0.014779 | 0.0014402 | 0.00012976 | 0.00061444 | 0.0024328 | 0.0087905
19] -21.762 1.9000 | 1037.0 | 49.762 | 151.95 | 436.97 [ 082321 | 19643 | 21526 | 1.2697 0.13605 0.014910 | 0.0074202 | 0.00013036 | 0.00060951 | 0.0023599 | 0.0086133
20|  -20.324 1.9500 | 70332 | 51156 | 15375 | 436.92 | 053014 | 19600 | 21617 | 1.2836 0.13504 0.015041 | 0.0074007 | 0.00013043 | 0.00060463 | 0.0022506 | 0.0084401
21|  -13.503 2.0000 | 10294 | 52540 | 15552 | 436.85 | 083694 | 19461 [ 21710 | 1.2383 0.13404 0.015173 | 0.0013818 | 0.00013150 | 0.00053380 | 0.0022244 | 0.0082710
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