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FLOW FIELD OF SUBSONIC AXISYMMETRIC JET IN A PARALLEL STREAM

1 NOTATION AND UNITS (see Sketch 1.1)

A nozzle area
a nozzle radius
. a

F net jet thrust, jOijUj(Uj—Us)nrdr
= r radial distance from jet axis
[a)
o Mo value of r at boundary of potential core
3]
©
‘g ro value of r at outer boundary of jet mixing region
(S)
§ Tj static temperature in jet exit
©
*QC'J' T static temperature in external stream
3 U j jet exit velocity and velocity within potential core
S
- Ug external stream velocity
&
% U time averaged velocity in axial direction in jet mixing region at
1S X, I
< _ _
-'é: Ua vaueof U onjet axisat x, 0
Q.
S X axia distance downstream from jet exit
o)
a X value of x at tip of core
wl

€ deviation of external stream, positive towards jet axis

P density at jet exit

Ps density of external stream

u ratio of excess jet momentum flux to external stream

momentum flux, per unit area, equals net jet thrust coefficient,
F/pUZA
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Sketch 1.1

NOTES

Derivations 2 to 4 indicate that the ratio of excess jet momentum flux to external stream momentum flux
per unit area, u , isacriterion 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 u can then be written

Us

__F__PYii-Ug oYy,

M= 2n 2 " pU ' @1
psUsA psUs PsYs

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 u. For agiven x/a and u , the variation of ¢

with r/aissuch that the quantity (r/a)"e isapproximately constant, where the index n can be taken as 1.25

for x<x, and asunity for x>x, . Figures 1 and 2 show the variation of (r/a)?>¢ and of (r/a)e withx/a

and p in the two respective regions.

Thetheory of Derivation 2 involves an empirically determined parameter ¢, 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 devel oped jet
itsvalueisabout 0.0067, and that in the coreregionit isnearer 0.005. Figures 1 and 2 are accordingly based
onthesetwo valuesintherespectiveregions, with agradual transition between thetwo inthe neighbourhood
of X=X .

The results are not reliable close to the nozzle exit owing to internal and external boundary-layer effects
(the curvesin Figure 1 are shown dashed in thisregion). In practice, departure from the assumed uniform
velocity and temperature distributions across the jet exit can be allowed for by taking a reduced effective
nozzleradius, asin Derivation 5.
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Thevelocity profile acrossthe mixing region within thejet appearsto befairly well represented by acosine
distribution of the form

U-Ug B r—re
= =121+ cosn , (2.2)
Ua_U

s 0 'c

where, if x<Xx,, Uy = Uj, andif x>x, ro = 0.
For the variation of U, with distance downstream, Derivations 2, 6 and 7 suggest a hyperbolic decay in
terms of the core length, X » 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 acold jet for values of UJU; between 0 and 0.5 (based on data given in Derivations 1, 5 and 6). The
variation of core length with u for acold jet isaso shown in Figures 1 and 2 by the chain-dotted curves,
X=X . Thetheory of Derivation 5 predicts adecrease of core length and a contraction of the jet boundaries
as T, isincreased above T, For example, a change of Tj =T to T, = 2T reduces x, by about 10 per cent at
USIUj =0and 15 per cent at UJUJ- = 0.5; the same change in T1 causes the boundaries to contract by 0.75a
at al 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 [tem.
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