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INVESTIGATION OF THE CONSTANT OF SURFACL
ROUGHNESS FUNCTION

BY
S. F. HANNA, B. O. DJEBEDJIAN

ABSTRACT

The main objective of this paper is tn throw some light on the constant of
surface roughness function. Many investigators related that constant tc the surface
roughness density defined as the ratio of the tota! <urface ares tc fthe roughness
area. Others introduced alternative definition , to be the ratic of the total surface
area to-the total roughness frontal area normal to the flow .

The influence of pressure gradient is not considered by those investigators.

Moreaver, they suggested a unique value for this constant in the presence of pressure
gradient .

In this research, the analytical study of the constant of surface roughness tunction
regarding the pressure gradient in form of Euler number. shows variable values for

different ratios of k / 6**.

NOMENCLATURE
A velocity profile parameter
B constant
c velocity at the outer edge of the boundary layer (m/s)
Cy friction velocity , /' Tw/ £ ( m/s)
c, kf o dimensionless roughness height
c, y/ o dimensionless distance normal to the wall
c, velacity of the fluid inisde the boundary layer in x-direction (m/s,
C(ELE-) surface roughness function
Cr constant of surface roughness functionr
H, 5 boundary layer form parameter , rg*/ §
k roughness height ( m }
X coordinate in the direction of the wall
¥ coordinate normal to the direction of the wall
d boundary layer thickness ( m ) .
8" boundary layer displacement thickness, f(’l - %3 dy ! m)
J** boundary layer momeantum thickness, 7";_)(( 1 - %—) dy { m)
> von Kérmdn's universal constant ’
N Euler numbel‘,-%.dC .0 *x

dx
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A roughness density

py, kinematic viscosity of fluid ( m?* /s )
e density of fluid { kg / m*)
2w

wall shear stress ( N/ m? )

1- INTRODUCTION

The investigators of previous studies indicated that the constant of surface

roughness function, Cr’ depends on the roughness geometry and density.

Bettermann [ 1 ] introduced the effect of roughness density , A , defined as
the ratio of total surface area to roughness area, on the law of the wall. He has

given the constant Cl_as function of the roughness density, A , for values of 1¢ALb.

Dvorak { 2 ] extended the correlation for Cr to a wider range of roughness shapes

and Lo roughness densitiesgreater than five .

Simpson [ 3 § defined the roughness density as the ratic of the total surface
area to the total roughness frontal area normal to the flow. Since the form drag
shduld be nearly proportional to the roughness frontal area this definition appears
plausible physically. A generalization of the roughness density correlations of Ovorak
and Bettermann has been found to be applied to the several roughness element geomet-

ries examined by Simpson .
This analytical study is based on Zancow [ 4 ] experimental work with rough

surface and the velocity law of Rotta [ 5 ].

Z2- BASIC EQUATIONS

Z2-1 VELOCITY DISTRIBUTION

Rotta [ 5 ] presented the rough surface law of the wall as :

S o (nSEY oAk ).BaC(Sxk) (1)

+
_ Cp x L
i which 2 and B are two empirical constants of 0.4 and 5.2 values respectively .
The velocity at the outer edge of the boundary layer c, i.e, at y=6 is deduced
from equation (1) as follows :
c = 1 cgd
— _x_(ln—}J—+2A) + B +C{ ). (2)

From equations (1) and (2), the velocity distribution in the boundary layer may
be obtained :

1
iR S EURIE SR (3)

c.l.k
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It may be noticed frem the previous equation that the surface roughness (through
C ¢ t,u J}has no effect on the velocity distribution

2-2 SURF ACE ROUGHNESS FUNCTION

c_k
The surface roughness function C T

) is zero for smooth surfaces, while for
caomplete rough surface, Clauser [6] has shown that function takes the from

c k 1 c_ k
C{——)=-=C,- Jln =< (4
2 2 2
with Cr the constant of surface roughness function, which can be obtained by substituting
C( O k ) from equation (4) into equation (2) :
ad
c - < 1
r c

(1n-§— . 2A) -B

{5)
The previous equation may be modified to include the ratio of roughness height
to momentum thickness k / §%*to become :

* *
=°_+L(1nl‘n+1n5—*+1n3—-m)-a {(6)
r . CT* xx % (5 (S ({ *
Here, the ratio /4 is the form parameter, H‘FZ ; while 3 /(S is given by :
*
o
CH - oA (7)
From which the exprecssion of the constant Cr may be obtained as :
- C
c =S gLl rA ZA 1k LT 8)
r c 2¢ 3¢ 2€ 4 ) H,I 2 T
- -—2,1/2
where C'c/ c :('tw /£c”)
A computer program has been develaped to get the constant Cr using Zancow [4]
experimental results for flow over rough surfaces .
c
The constant Cr given by equation (8) can be represented by Cr = Cr (A, g'n ,+ ’
c
|—|1 2 ) which may be simplified by making use of the relation A = A ( /A, —k*—*) ; iilustr-
. . k T T
ated inFig . (3 H, , =H_, n, -:5-3—*) and —_—:T:—:;- (A ,%) 3 according to Zancow
fc” fc
[4] 3 in the from s

- k -
CI‘ = LI‘ ( -F*, N
that relation is represented in Fig . ( 2 ).

(9)
3 - DISCUSSION OF RESULTS

The influence of pressure gradient in from of Fuler number, A, on the constant

Cr can be deduced from Fig. (2). Flows with zero pressure gradient are corresponding
to A = o, while with adverse pressure gradient is given by A> 0

Figure (2) represents the variation of the constant C. with the ratio k/g**and Euler

number, A ,as a parameter. The chart contains four curves for boundary layers at
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A = 0,01100 , 21007 and 3.0

For constant Euler number ;3 A = const ; each curve can be divided into two parts,
the first part for values of the ratio k/tg <Dl y at which the constant C decreases as the

ratio k /5 increases. In the second part § k / 5 > 0.l 3 the caonstant Cr increases with the
increase of k /&**
*
For the same values of the ratio k /d the constant L increases as Euler number ,
A, increases. Also, at ratios of k / 5 <. 0.l, the decreasing rate of C increases with an
increment in Euler number .

CONCLUSIONS
As a result of the present investigation the following conclusions are obtained:

+* Lo
For certain ratio of k /9 sk/é = 0.1 3 the constant Cr is a minimum for all Euler nu-

mbers and as this ratio is increased or decreased , Cr increases, A similar observation

was made by Bettermann {1] and Liu et al, [7] for the variation of C . with the roughness
density ,A.

The results obtained for the constant L show a variation in its value with the
pressure gradient in form of Euler number for different ratios of k/ 5 . This contradicts the
suggestion of Rotta [5] and others to remain the constant Cr unaffected by the existence
of pressure gradient.
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