Choked Flow of Gases
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TUTORIAL

The Basic Conce pt When the air velocity reaches sonic velocity
A greatly misunderstood and misapplied (P,/P,< .528)further increases in @pstream

The reason for the mass flow rate limitation is
the fixed inlet density combined with the fixed

notion is that of “choked flow”, also referred  pressure) do not cause any further increase in Vvelocity. The flow charts on pages 16-18 show

to as “critical flow”.
In gas flow through an orifice there is an occa-

the air velocity through the orifice. Conse-
quently it iswrongly concluded that the mass
flow rate also does not increase.

the choked mass flow effect for vacuum con-
ditions. At vacuum levels between 15-30" Hg
the mass flow rate is fixed.

sion where the gas velocity reaches sonic
conditions. This occurs for air flow when the ~ As the air pressure (Pincreases, the density  Choked Flow for Positive
absolute pressure ratio is .528, i.e. when the of the air also increases; and since the mass ..

downstream absolute pressurg) (B 52.8% flow rate is also a function of density, the mass Pressure Conditions

of the upstream absolute pressurg.(P

———

Sonic velocity occurs for air flow when
P, /P, <.528.
|

) ! 1129 f/sec @
Sonic Velocity | 68°F

Air
Velocity
Air velocity is

constantin
this region

oo

1 .528
P,/P, — Absolute Pressure Ratio

The air flow velocity is limited once the absolute
pressure ratio is .528.

For air flow through an orifice with an
inlet air temperature of 88 the choked
(sonic) velocity is 1129 ft/sec.

The Misconception!

Once sonic velocity is achieved in orifice air
flow (P,/P, = .528), it is easy to "assume" that
the mass flow rate is constant for all pressure
ratios less than .528; i.e,/P, < .528. For
example, when Hs 14.7 psia and,i% 27.84
psia, sonic velocity occurs through the orifice.
As P, further increases there is no further
increase in thevelocity of the air flowing
through the orifice.

———

P, =27.84psia ~———2x3 - —"P,=147psia

=13.14 psig =0 psig

=3 § —

=
Sonic Velocity

Through Orifice

Conditions for the onset of sonic velocity in orifice air flow.

Consider all the Factors!

The mass flow rate through an orifice is a func-
tion of three basic parameters.

Q (flow) is a function of
* Velocity
* Density
* Orifice Area

flow rate increases linearly with pressurg) (P

Mass Flow

Rate [m]

Air
Velocity

Mass O
Flow Rate

| P, = 14.7 psia
P

| =0psig

Air Velocity [

1 .528

0
oo

P, /P, — Absolute Pressure Ratio

Even though the air velocity through the orifice is limited

to the speed of sound, the mass flow rate continues to ®

increase as the absolute pressure) (Rcreases.

What is Choked?

The parameter that becomes “choked” or
“limited” is the velocity of the air. It is more
accurate to use the term “choked velocity”
rather than “choked flow” when the absolute
pressure ratio of air through an orifice is
<.528.

Vacuum Conditions

P,=147 psia\g/—
=0psig T3 =P, <P,
Standard /ﬁ\ Vacuum
P

As in the case of the above vacuum conditions
there are certain situations in which choked
flow does occur for positive (above atmo-
spheric) pressure. By maintainindixeed in-

let pressure to the orifice and allowing the
outlet pressure (back pressure) to vary, there
is a range of outlet pressures over which the
mass flow rate is fixed.

For example (see chart below).

With an inlet pressure of 80 psig, the mass
flow rate is choked (limited) for all outlet
pressures less than 35.30 psig (including
vacuum conditions).

The actual flow rate is constant for the
outlet pressure range of 35.30 psig to as
low as a complete vacuum. The flow rate
can be obtained from the charts on pages
16-18; e.g. for an orifice of .010" diam-
eter and with 80 psig inlet pressure, the
choked flow rate is 8.4 scfh (page 16). This
flow rate will be constant for all outlet
pressure conditions between 35.30 psig
and full vacuum.

Atmospheric
Conditions

Air at atmospheric pressure enters the orifice and flows
to a downstream vacuum pump.

In the case of vacuum conditions on the outlet
of an orifice and where the inlet is at ambient
atmospheric pressure, both the air velocity
and the mass flow rate become choked
(limited) when sonic velocity is achieved
through the orifice.

= Air
Velocity

1129 ft/sec @

[m]
Mass
| 68°F

Flow Rate Sonic Velocity

Choked Flow
l Choked Velocity

P, = 14.7 psia

1 .528 oo

P, /P, — Absolute Pressure Ratio

For atmospheric inlet pressure and downstream vacuum,
both the air velocity and mass flow rate are limited.

Sonic Velocity Conditions — Air Flow
Outlet Pressurg
Ll For Sonic Velocity
Gage | Absolute| Absolute Gage
Pressure | Pressure| Pressur¢ Pressufe

psig psia psia psig
100 114.7 <60.56 | <45.86
90 104.7 <55.28 | <40.58
80 94.7 <50.00 | <35.30
70 84.7 <4472 | <30.02
60 74.7 <39.44 | <2474
50 64.7 <34.16 | <19.46
40 54.7 <28.88 | <14.18
30 44.7 <2360 | < 890
20 34.7 <1832 | < 3.62
15 29.7 <1568 | < .98
14.7 29.4 <1552 | < .82
10 24.7 <13.08 | <-1.62
5 19.7 <1040 | <-4.30
1 15.7 < 829 | <-647
0 14.7 < 776 | <-6.94
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