PNLO0001 - Compressibility + friction
submodel of pneumatic pipe (C-R)

Description

PNLO0O0O1 is a lumped parameter submodel of a pneumatic pipe or hose with only compressibility and friction effects
taking into account heat exchange.

The mass flow rate in g/s and enthalpy flow rate in J/s at port 2 are input and a pressure in Pa and a temperature in
K are computed to be output at this port.

The pressure in Pa and temperature in K at port 1 are input and a mass flow rate in g/s and an enthalpy flow rate in
J/s are computed to be output at this port.

The temperature and pressure at port 2 are computed using state variables.
Two heat exchanges models are available:

¢ a simple polytropic model, which is a simplified form of the general internal energy model based on the first law of
thermodynamics. The polytropic approach is obtained by representing the thermal exchange phenomena by a

polytropic constant kin that case, the temperature and pressure are no more independent variables.
e Or a more complex model taking into account thermal exchange. For general studies, it is advised to use the
thermal exchange approach.

More information on heat exchanges can be found in the documentations of PNCHO021 (pneumatic chamber with
polytropic law) and PNCHO022 (pneumatic exchange with heat exchange).

Pipe friction is taken into account using a friction factor based on the Reynolds number and the relative roughness.
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Usage

Use this submodel to simulate a pneumatic pipe with compressibility and friction effects, when the Mach number is
low, i.e. gas velocity < 0.3 * speed of sound.

PNLOO0O01 differs from PNL0O002 and PNLOOO3 only in the input and output requirements.

The submodel PNGDO0O0 should be included in your circuit to define the characteristics of the gas.

Parameter settings

The gas type index parameter refers to a gas type defined by an icon put on the sketch.

Depending on the heat exchange model chosen:

¢ polytropic: the polytropic constant is required (> 0).
e with thermal exchange: the thermal exchange coefficient and the external temperature are required.

The relative roughness 7"¥5 calculated as the ratio of the average height of asperities to the tube diameter:
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where:



o /s the equivalent uniform roughness of the pipe,
. Déﬁ the equivalent diameter of the pipe.

A sampling of absolute pipe roughness Dor new clean pipes is proposed by Binder [1, p.113]:

Pipe material Apsolute roughness A
drawn brass 1.5 um
drawn copper 1.5 um

commercial steel 45 um
wrought iron 45 pm

asphalted cast iron 120 pm

galvanized iron 150 ym

castiron 260 pm
wood stave 0.2t0 0.9 mm
concrete 0.3 to 3 mm
riveted steel 0.9to 9 mm

Physics and equations

Compressibility effects

The total volume of the pipe is computed from the diameter of pipe Tnd the pipe length Iassuming a
cylindrical geometry as:
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W ith the polytropic model, the pressure and temperature derivatives are calculated using the utility pn2vol1.

vol =

With the thermal exchange model, the utility pn2vol is used with a thermal exchange area given by:

areay, = 7. D. L

Friction

\ The flow rates at port 1 are calculated using the utility pn2pipefr.

Heat flux

The heat flux between the tube and its surroundings is calculated as follows:

dh = ky, . areay, . (exttemp — t2)

with:

o dlhe heat flux [J/s],

. k,t)t,he thermal exchange coefficient [J/m2/K/s],
e aATregthermal exchange area [m2],

. exttﬂ*(ﬁ”éﬂernal temperature [K],

e 1 2ne fluid temperature [K].

Equivalent modeling

| Equivalent models could be obtained using submodels PNLOOR with either PNCH012 or PNL00OO.
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