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SYNOPSIS

The laboratory measurement of erosive shear stress has proven to be
very difficult except in a few simple cases where it can be deduced from
a known pressure drop. New methods of measuring erosive boundary
abear 8treases are in constant demand. There has been many rather un
fruitful ideas and complicated gadgetry in the history of the problem.
This paper presents the application of a very simple method of measuring
the boundary shear stresses when the pressure gradient is zero. The
boundary roughness Is a factor which has caused many past failures of
other techniques. This method accounts for roughness and other previ
oualy unsurmountable handicaps.

lNTaODUCTION

Boundary shear techniques have been slow to develop because of the
inabilities to determine small-magnitude pressure differentials. Recent
advancea in this field of endeavor have furnished the impetus to revaluate
older problema and sUbsequent solutions.

In 19M. Preston utiUzed the simple technique of measuring the
local surface resistance by means of a Pitot tube resting on the boundary
of a lII100th 8urface. The method is based on the asswnption of an inner
law relating the local 8hear to the velocity distribution near the wall
U8lDg the preasure drop in a pipe to calibrate the instrUment. Preston
obtalned equations relating the intensity of shear to the Pitot tube readme for the case of the laminar sublayer enveloping the tube and for the
cue of the tube in the turbulent boundary layer of a smooth surface.
BJ8 calibrations give an empirical relationahlp which is apparently quite
reUable. Hau (19M) extended the Preston shear method to cases where
an advene preuUl'e gradient exists. He made an analysis using the one
Hventh power velocity distribution in the derivation of his turbulent flow
equation at moderate values of Reynolds numbers. In the lamInar sub
layer he U88d a linear velocity d18trlbutlon. Then Launen and Hwang
(1912) extended the method even further to be appUcable to rough bound
artee. Both Bau. and Launen and Hwang. have substantiated the Pres
toll ahear technlque to the point where it 18 not only feasible, but have
~ opened the door to a whole new fteld of meuurementa that
bHetofore bave DOt been JM*lble.
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MJ:rBOD OF APPLICATION

To apply this technlque a small Pitot-static tube is placed on the
boundary of the surface, smooth or rough. where the erosive shear stress
is to be measured. The pressure differentials relate directly to the shear
stress magnitude and one has but to refer to the calibration curves ot
Preston, Hsu, or Laursen and Hwang tor the appropriate magnitude. Ac
cording to Hsu (1955) the pressure gradient and tube configuration are
of no consequence.

We shall take the smooth-and-rough boundary configuration condi
tions separately for the benefit of those readers who are not famtUar
with the new technique. Then we shall extend slightly the work of Laur
sen and Hwang Whereby the application is made to open channels.

CaBe 1. The 8mooth Boundary-It can be shown that the dynamic pres
sure acting on the end of a surface Pitot tube is related to the boundary
shear stress by Equation (1): (p - Po) wa' = 1/2 9 fA 1)' dA.

Now, two conditions arise. First, the tube is totally submerged within
the laminar sublayer, and second, the tube is totally outside the laminar
sublayer. See Figure 1 for the configuratory details. For the condition
of total SUbmergence, the law of the wall is expressed v/v = (v Y)/r

• •
which when substituted into equation (1) gives Equation (2): To tl'/4 p,,' = 8/(4 + t')~ (p - Po)d'/p J'21~

When the tube is outside the laminar sUblayer the velocity distribution
1/7

can be expressed in the form of a power function as v/v = k1l and
•

when appropriately substituted into equation (1) yields Equation (3):
T. d'/5 p I = k [(p -1>.) 4'/4 p r'J~

Both of these equations are plotted in Figure 2. The experimental verifi
cation of these relationships is such that the data falls exactly on the
analytically predicted curves. This is evidence that the basic assump
tions are valid

GaBe 11. The Rough Boundary-The diffiCUlty in rough channel config
urations is that the zero point of origin is unknown. Fortunately, the
location of exact datum is not required in this partiCUlar analysis. Thts
is indicated in Figure 3. Equation (1) also applies here. When the tube
is totally within the laminar sUblayer. Equation (2) will apply since clas
sical analysis reveals that shear stresses are constant where velocities
are linear. Now, when the laminar sUblayer is thin enough that the tube
is positioned beyond It the position of the tube becomes important. It
the rough-configuration velocity distribution is substituted into equation
(1), the solution becomes Equation (4): .

[(p - ,.)/T.] = 16.531 [In 30 hle]' - In (30 hie) [0.25 (a/h)' + 0.0626
(o/h)4I + 0.0260 (0/11.)' + ....J + [0.25 (a/h)' + 0.1146 (G/h)· + 0.0686
(a/h)' + .... ]

When the solution for the rough-boundary case is plotted we have a
vivid picture of the physical relationship between the appropriate param
eters. This Is shown in Figure "-

When the experimental values are plotted as a ratio of the analytical
values, a curve results as shown in FIgure 6.

Now, to extend the presentation just made to open channel8, we pro
ceed as followB: from Figure of, a family of curvea can be derived for
various rougbnessea;
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Figure 2

-.
It Ihould be pointed out that tbl8 techDIQU8 Is appllcable only to fiXed

boundaries. The critical erosive shear stress can be measured only at the
IutaDt juat before the incipient motion OCCUl'll. The method should be
weD aultecl tor tteld atudles Blnce a number of battery-powered electronic
IDdlcaton are commerc1alJy available.
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NarATIONS

A Area of stagnation tube opening

tJ Inner radius of stagnation tube

b Outer radius of stagnation tube

II Height of center ot stagnation tube from zero datum

e sand roughness

p Stagnation preuure

lie Wall static preuure

p Fluid deD8lty

T. Shear stress

t ThlckDea of the pltot tube

" Ve1oc1ty at dI.taDce " from wa1l
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v Shear velocity = TJp) ~
•

II DIataDce from zero datum

.. Height of bottom of stagnation tube from zero datum.
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