Mansoura Engineering Journal { ME] ) Vol.12, Ne.2, Dec. 1987 & 55
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ABSTRACT - In recent years, considerable elforts have been devoted to improving the
pertornance of radial diffusers. This can be achieved by cbtaining a proper diffuser design.

The analysis followed in this paper is based upeon solving the momentum equation
of incompressible turbulent boundary layer under certain assumptions, It is possible to present
the velocity proiile parameters as dependent upon definite numbers, from which separation
could resuit. This helps in solving attiached boundary layers with maximum deceleration.

For the case in hand, ihe assumptions considered that the velocity prolile parameter,
Agpt. has 8 magnitude of about 0.00094, and §+/0** ranges between 1.4 to 1.6, for maximum
deceleration 5]

To evaluate the mathematical model developed in this work,its results will be compared
with previous available experimental data. This obtasned results show that the maximum
deceleration 1s obtained by decreasing the initial value of momentum thickness at diffuser
entrance.

NOMENCLATURE

g velocity at the outer edge of the boundary layer (m{s)
¢ local skin friction coefficient, T, / (1/2 oE 2

T free stream velocity, {m/s)
c, velocity of the {iwd inside the boundary layer in x-direction, {m/s}
<y velocity component inside the boundary layer in y-direction {m/s)
H,,  boundary layer form parameter, § g

Red'* momentum thickness Reynoids number, T . ¢ “/V

ceordinate in the direction of the wall, (m)
¥ coordinate normal 10 the direction of the wall, {m)
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¢ . boundary layer thickness, ® {m}
) boundary layer displacement thickness,gj (1-ecxfc). dy {m)

¥ -
d boundary layer mementum thickness, j'ﬁ ~Cy [EICy/C . dy {m)
A Euler number, - =- E’_é lfH 7

: ) & "dx’-

Y kinematic viscosity of fluid, (m?/s)
0 density of fluid, lkgfma)
Tw wall shear stress, (N!mz)

- INTRODUCTION

_ Diffuser design has necissitated considerable efforts from engineers in order to
increase pressure and reduce kinetic energy of flow in ducts. However, until 1950 diffuser
design was a combination of art, luck, and a vast amount of empirical trial and error rules.
Small changes in design parameters caused large changes in diffuser performance. That
is increasing pressure in the diffuser is an unfavourable gradient. This causes the viscous
boundary layers to break away from the walls and greatly reduces the diffuser performance.

Previous experimental work on radial diffuser contains information about diffuser
efficiency and design [1:4].

An Information about turbulent boundary layer by différent roughnesses based on
measuerments on radial diffuser was given in (5], This also was concerned with the dissipation
of energy due to boundary layer growth in the diifuser. Moreover, diffuser efficiency by
the different roughness was investigated.

In [6] a criteria for flow separation based on integrating the momentum equation
of boundary layer was established.

This paper is concerned with developing a mathematical model far the velocity
distribution in radial diffuser. This is based on the integration of the momentum equation
of incompressible boundary layer under certain assumptions. The assumptions regards that
the velocity profile parameter has an optimum value, Agpy , with a magnitude of about
0.0009%, and the form parameter, Hj,= 0 /0 ™", ranges between 1.4 and 1.6 for maximum
deceleration. To evaluate the mathematical model developed in this work, its result was
compared with the only previous result available in hands, that given in [5) The obtained
results show that better diffuser performance was obtained by reducing initial velocity
at diffuser inlet, or maximum deceleration by smaller initial value of momentum thickness.

2- GOVERNING EQUATIONS

The governing equation of mean motion for incompressible turbulent flow Is the
momentum integral equation [7] given as:

PR IR i AN & L)
dx §% o I pc 22
Equartien (1) is normalized By using,
x*"f‘!h =:c"‘:é-g:f::
*a Co %

%o and ¢, being appropriate reference quantities. Thus, xo would be the length from the
center of the radial diffuser to the beginning of the parallel walls § cg the component of
velocity at the inlet by xo at the edge of boundary layer. Fig. {l) illustrates the coordinate
system used for the radial difivser.
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Equation (1) becomes:

= CI
g—(ﬂ-‘+(2+le):' gi; =37 o002
C‘ -
. & oo
The optimum value of Euler number, A opt 2 - aEg, was found to be close 10 £.0009%
C-)r

(5] and so one adopts this constant value of A, for the analysis presented here. Moreover,
by this valve of, A, the local skin friction coefficient, ¢y, 15 very small and diminishes,
and the form parameter, Hs= §#/0**, has a magnitude of 1.4 1o J.6 [5], so that eguation
{2) can be integrated with ¢g-0 and A0pt and H |, are constants. Equation {2) therelore vields

da N
--;+(2+H|2)(-r\opt) =0 o {3)
Separating the variables and integrating, this equation (3} one gets:
4 =(2+«H,) Aopr  ¥" + € NS

where C =4, since ge = const and cI*O when the [first term on the right hand side of

equation {4} is equal to zero. Then the solution of Eq. (4) is given as
g b« X d:)”
RS S TR NS S (3

opt” x X
Q P =3 [+]

Recalling the integral definition of equation (i), and substituting for ¢, = o, this yields
6 dofco ¢
irg” TP EY e SRR

Rearranging equation (5} by separating the variables and integrating one gets,

g rx g+ ¢
|I'l()-<;--):-(2‘.iﬁ-)|né;—+]nc oL 0T7)

or g = A
R AL S R ST
o co
Fee
where C = f- , since &= G atx = x
Therefore £ 2 - Oxs
f_j.‘f’f_=(9_-_)'A_(__9__) S 08)
g, "o

Equation {3) and (3) are two independent expressions {or 6”!)(0. Combining there two equations

(5) , {8) and one gets a simple equation ,

¢ 42 . . /%0 (VA
(EOJ -[I+(£+H]2).A°pt.g;;};--] 12 (9
o
using a mean value far Hyy = 1.5 and Agpg = 0.0009% and substituting in equation (9), the
following ferm for the velocity distribution, or the recovery factor, is

Y xxa - 0.5714
(5= 211+ 0.0033 -yzzq—- ] ceo(10)
co 0’; Txg

Equation (10) is used in the analysis to obtain the effect of the initial velocity on the diffuser
performance.
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3- PRESENTATION OF RESULTS AND DISCUSSIONS
The tweo equation formerly obtained ;

. J %
f_{_(f - 2 w0003 & (59
L] [M] [s]
and
&2 wix o -0.57148
-E;) = [ | + 0.0033 U'O-*_;"?i'o' ] e ( 10 )

are evaluated and plotted in figures 2 and 3. Equation (5) emphathises that the momentum

thickness increases lineacly, In figure (2) indicates the linear increase in momentum thickness
which obtained from equation {5).

Equation (10} for the velocity distribution shows that the velocity at the boundary
layer edge decreases according to a power function. This relation given by equation (10)
is illustrated in figure (3). Moreover, figure (3) shows the marked effect of the initial value

of momentum thickness (suifix o), while smaller thicknesses of boundary layers resuits in
values of higher deceleration than these corresponding to thicker vatues.

CONCLUSION

The conclusion to be drawn from the
thickness of boundary layer at the inlet of t
its performance. That is, maximum decelerati
of momentum thickness.

analys_.is is that the growth of the momentum
he radial diffuser has a marked influence on
on is obtained by decreasing the initial value
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FIG. 1 I1luntration of ennvdinate syntem
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