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ESDU Aircraft 08.01.09
FLOW FIELD OF SUBSONIC AXISYMMETRIC JET IN A PARALLEL STREAM

1. NOTATION AND UNITS (see Sketch 1.1)       

SI British

nozzle area m2 ft2

nozzle radius m ft

net jet thrust, N lbf

radial distance from jet axis m ft

value of r at boundary of potential core m ft

value of r at outer boundary of jet mixing region m ft

static temperature in jet exit K K

static temperature in external stream K K

jet exit velocity and velocity within potential core m/s ft/s

external stream velocity m/s ft/s

time averaged velocity in axial direction in jet mixing region at 
x, r 

m/s ft/s

value of  on jet axis at x, 0 m/s ft/s

axial distance downstream from jet exit m ft

value of x at tip of core m ft

deviation of external stream, positive towards jet axis degree degree

density at jet exit kg/m3 slug/ft3

density of external stream kg/m3 slug/ft3

ratio of excess jet momentum flux to external stream 
momentum flux, per unit area, equals net jet thrust coefficient, 
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ESDU Aircraft 08.01.09

Sketch 1.1  

2. NOTES

Derivations 2 to 4 indicate that the ratio of excess jet momentum flux to external stream momentum flux
per unit area, , is a criterion of similarity for the flow configuration of heated subsonic jets. It is assumed
that there are uniform distributions of velocity and temperature across and outside the exit plane of the jet
nozzle. The parameter  can then be written

. (2.1)

The data for external stream deviation are based on the theory of Derivation 2 for a cold incompressible
jet, extended to the general case by the use of the criterion . For a given x/a and , the variation of 
with r/a is such that the quantity  is approximately constant, where the index n can be taken as 1.25
for  and as unity for . Figures 1 and 2 show the variation of  and of  with x/a
and  in the two respective regions.

The theory of Derivation 2 involves an empirically determined parameter c2, the ratio of the mixing length
to the radius of the turbulent mixing region. It is suggested in Derivations 2 and 3 that in the developed jet
its value is about 0.0067, and that in the core region it is nearer 0.005. Figures 1 and 2 are accordingly based
on these two values in the respective regions, with a gradual transition between the two in the neighbourhood
of x = xt .

The results are not reliable close to the nozzle exit owing to internal and external boundary-layer effects
(the curves in Figure 1 are shown dashed in this region). In practice, departure from the assumed uniform
velocity and temperature distributions across the jet exit can be allowed for by taking a reduced effective
nozzle radius, as in Derivation 5.

Potential core of
constant velocity Uj

Turbulent
mixing region

Jet axis

Nozzle

Typical streamline

Uj a

Us

rc
r0

x

U

r

x = xt

ε

µ

µ

µ F

ρsUs
2A

----------------
ρjUj Uj Us–( )

ρsUs
2

---------------------------------
ρjUj

ρsUs
------------= = =

Uj

Us
------ 1–
 
 
 

µ µ ε
r/a( )nε

x xt< x xt> r/a( )1.25ε r/a( )ε
µ

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

--`,,```,,,,````-`-`,,`,,`,`,,`---

Full document details: ESDU AERO A.08.01.09 A 1981

http://www.avadocuments.com/doc/esdu-aero-a-08-01-09-a-1981
http://www.avadocuments.com/doc/esdu-aero-a-08-01-09-a-1981


 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

3

ESDU Aircraft 08.01.09
The velocity profile across the mixing region within the jet appears to be fairly well represented by a cosine
distribution of the form 

, (2.2)

where, if , , and if , .

For the variation of  with distance downstream, Derivations 2, 6 and 7 suggest a hyperbolic decay in
terms of the core length, xt , i.e.

, (2.3)

but there is little consistency in the data on the variation of the core length itself with the velocity and
temperature ratios.

Figure 3 indicates the approximate positions of the boundaries of the turbulent mixing region and the core
of a cold jet for values of Us/Uj between 0 and 0.5 (based on data given in Derivations 1, 5 and 6). The
variation of core length with  for a cold jet is also shown in Figures 1 and 2 by the chain-dotted curves,
x = xt . The theory of Derivation 5 predicts a decrease of core length and a contraction of the jet boundaries
as Tj is increased above Ts. For example, a change of Tj = Ts to Tj = 2Ts reduces xt by about 10 per cent at
Us/Uj = 0 and 15 per cent at Us/Uj = 0.5; the same change in Tj causes the boundaries to contract by 0.75a
at all stations downstream of the core irrespective of the velocity ratio.

3. DERIVATION

The Derivation lists selected sources that have assisted in the preparation of this Item.
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