ons

Equati
WD = MBI — CPY — Py W
where: 1 = Py/P:
/D = LML — 144 = Inp? @}
EMAED) = 2 - 1 - 20 2n @ 3}
2 = PMAELD) + In %] + L (4)
F o= MAELD) + Inrf] 4 1 (5)
M4 VAV (6]
Ve = Wip & or ¥, = 0.0609W/d? p 71
V. = 223(kT/Mw)%5 or V., = é@.ﬁ{PlprM (5
Ve = (W/A) IZRTIPMW) (9
M = (W/A) LZRT/PMw)(1/233)(Mwit)>2 (10
M = 0.0001336(W/PANZRT/MW,CS {12}
Seoe = pacefosen = MMy (12}
7 = Fi{lfll + (CeProf/TP R T85% . Fomd & FyFy (133
where:
Fy, = B0.2518, — 0.1500 — 30,2028, + 1.10p
Fp = 1.4exp[-0.0054(T — 460)]
Fi = CiP® & CP* & C3P% 4 C,F° 4 CoP
Fa = (0,154 — 0,1825,)PC S Raypt — 5 5P) = 0,02
Fs = 0.35(0.6 — Sglexpl— 1.039(P — 1.8)7
¢, = 0.001946
G = —0.027635
Gy = 0.136315
Cs = —0.23849
Cs = 0.105168
Cs = 3.44 x 108
1/%% = ~0.8686 Inf(e/3.7D) + 2.51/R.%7] (14}
X+1 = X — FOOHF 00 (15}
where:
=128 %
Fifre) = —2/ & OMEr (16}
Fi% = 2r — 2N (17
(B = —0.549° — 0.4343) (18)
M = SW/SVMw), (19)
T = SWTEW, (20)
= EXwtMw) S SEX Mw) S (21)

accurate than other methods.

The Newton-Raphson method is
employed to solve the iterative pro-
cess of the friction factor from the ratio
of the inlet and outlet pressures. The
program is based on assumptions that
the flow of gas through the discharge
lines is isothermal, and that either the
inlet or exit pressure is known.

The mach numbers are evaluated at
both the inlet and outlet. The types of
pipe fittings are incorporated in the
program for selection.

The program displays a message if
the exit mach number is greater than
0.7, signifying that the outlet gas ve-
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locity is too close to sonic velocity
{the pipe size is too small). A larger
pipe size is then selected and the
program proceeds to calculate the
Revnolds number, the friction factor,
and the pressure drop in the pipe
system.

The algorithm. Compressible flow
calculations using Lapple’s deriva-
tions are used to determine either the
exit pressure for a given inlet pressure,
or the inlet pressure for any known
discharge pressure.

Isothermal conditions, based on the
inlet pressure, can be expressed as
shown in Equation 1. {See boxes for

equations and nomenclature.) When r
= Py/Py is substituted, Equations 2, 3,
and 4 result.

For isothermal conditions based on
the outlet pressure, if M; is the mach
number at the outlet, and since M; =
My/r, the result is Equation 5.

The mach number is evaluated from
the ratio of the actual gas velocity to
the sonic velocity, resulting in Equa-
tion 6.

The actual gas velocity can bhe ex-
pressed by Equation 7.

The sonic velocity is expressed as
Equation 8.

The density of the gas is expressed
as p = PM,/ZRT.

For an ideal gas where Z = 1.0, the
actual gas velocity can be calculated
by Equation 9.

If Equations 8 and 9 are substituted
into Equation 6, the expression for the
mach number becomes Equation 10.
Equation 11 is a simplification of
Equation 10 using consistant units.

Compressibility factor. Compress-
ibility factors (Z) are available in
charts or tables, as a function of pseu-
do-reduced temperatures and pres-
sures, T, and P,. Use of these charts is
often time consuming and sometimes
requires difficult calculations.

Computer programs®? for calculat-
ing Z have been developed solely as a
function of the temperature and pres-
sure of the gas.

Numerical methods, within certain
limitations, have also been used to
determine Z.,

However, the method proposed
here is a modified form of that devel-
oped by Awoseyin.'® This method
gives a compressibility factor to within
5% for natural hydrocarbon gases
with specific gravities between 0.5
and 0.8, and for pressures up to 5,000
psia.

The specific gravity of a gas, Seoq 18
the ratio of the gas density at 60° F.
and 1 atmosphere (14.7 psia), pgog, 10
the density of air, pgp,, under the same
conditions.

The specific gravity can be ex-
pressed as Equation 12.

Specific gravity can also be deter-
mined by dividing the molecular
weight of the gas, M,, by the molecu-
lar weight of air, M,.

The compressibility factor, Z, can
be expressed as Equation 13.

Friction factor. Various forms of
friction-factor equations have been
derived involving both explicit and
implicit derivations.”" '* However, the
well known Colebrook-White meth-
od™ is employed, and can be ob-
tained from the Moody diagram.

The Darcy friction factor {which has
a value equal to four times that of the
Fanning friction factor) can be ex-
pressed as in Equation 14. Solving



