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this work, the cryogenic piping simulation programme was developed by using C'H' language.
It could be implemented to solve the problem of two-phase single-component flow and single phase single-
component flow. This developed programme has database managerial part of transport and thermodynamic
properties that support the operation of piping design These properties can be used to calculate the proper
value of pressure drop, pipe size and length of pipe by considering piping configuration and heat inleak
through different insulation as user specified. The developed programme had to be run on Microsoft Windows
95 or later in order to provide many convenient Graphic User Interfaces. Users had to enter data into dialogs
or windows of this developed programme. The results of calculation were displayed and printed through

printer in tabular form. The recorded data in database file and operating file can be added or changed.

The results of calculation were investigated by checking the heat inleak value and pressure drop
compared to reference data and result obtained from 3 commercial simulator named PDROP. It was found that
the difference was about 62.42% for heat inleak of polyurethane insulation, 0.89% for heat inleak of vacuum

insulated pipe and 20% for pressure drop from PDROP. The difference of estimated cryogen properties are

less than +1.36%.
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NOMENCLATURE

Surface area ( 2

Outside heat transfer area of insulation ( 2)
Armand coefficient

Distribution parameter

Pipe internal diameter (inch)

Outside insulation layer diameters

Inside insulation layer diameters

Emissivity of the surface

The natural logarithmic base

Emissivity of the frost

Elevation correction factor

Emissivity factor

Configuration factor relating the two surface
Gas specific gravity

Mass velocity (kg/s/m2)

Grashof number

Elevation difference over the segment (feet)
Mean convective heat transfer coefficient
Velocity heads

Mean thermal conductivity of the insulation (kJ/s/mK)
Mean thermal conductivity of the frost
Length of the pipe (m)

Effective length

Total mass flow rate (kg/s)

Coefficients in various functions

Nusselt number



p Pressure (bara)

Pr Prandtl number

Pl Upstream pressure (psia)

P2 Downstream pressure (psia)

Q Gas flow rate (thousand of cubic feet per hour)
R Ideal gas constant

Re Reynold’s number

T Temperature (K)

Ta Ambient temperature (K)

Tf Absolute temperatures of the frost surface (K)
Tf Fluid temperature (K)

TI Inner (colder) surfaces (K)

T2 Outer (warmer) surfaces (K)

Velocity (m/s)
\% Specific volume (1/p)

Velocity of sound

X Lockhart-Martinelli parameter

X Gas quality

Z Compressibility factor

a° Dimensionless Helmholtz energy for the ideal gas

a Real fluid contribution to the dimensionless Helmholtz energy

[ee]

Reduced density
Stefan-Boltzmann constant

Friction factor is given by the Churchill’'s equation

> > 9

Thermal conductivity

Absolute roughness (ft)

p Density (kg/m3)
pH Homogeneous density (kg/m3
pm Effective density of mixture (kg/m3)

Viscosity

Xii



Volume flow ratio

O

Angle of pipe to horizontal
92 Two-phase multiplier

Reduced temperature

I Physical property parameter

A Difference
AH Latent heat of vaporization (kcal/kg)
Ap Pressure drop (mbar)
Subscripts
a ambient air
c Critical
e Effective
F Friction
f Fitting
G Gas
GO All-gas

Gravity
H Homogeneous
h Horizontal

Inlet
L Liquid
LO All-liquid
M Momentum
m Mixture
0 outlet or exit
r Radiation

Superficial; phase flows alone
sat Saturated Condition

V Vertical



Xiv

1 Inner (Colder) or Inlet

Outer (Warmer) or Outlet

Superscripts

i j, k1 exponents various functions

0 Ideal gas
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