








Curves computed by these formulas are shown in 
figures 4 to 9. In the first segment of brass tube 1 
and in t he last t wo segmen ts of brass tube 2 the 
observations are in reasonably good agreement with 
computed values. In the remaining segmen ts the 
observed points arc higher than the computed curves. 
As far as the main objective of the experiment is 
concerned, this lack of agreement with theory is not 
of primary significance. If there is any connection 
with the material of the tube, the discrepancy is the 
greater in the Teflon. Any evidence of slip would 
appear in the opposite direction. 

In the fully developed turbulen t region, a standard 
of comparison is the Blasius law, 

A= 0. 3164R -I/4. (19) 

This curve is represen ted in figures 4 to 9 by the 
dashed line. The most apparent discrepancy is that 
appearing just after completion of transition, where 
the value of A is n.oticeably lFeater than t~a~ com­
puted by the BlaslUs law. As rcgards a dIffer ence 
between A for Teflon and brass, none can be found. 
This may be seen by examining the data of table 4. 

Following the first series of measurements, a 
second series was run for the purpose of obtaining a 
larger range of R eynolds number. H ere the p.ump 
was used at all times at the exit end of the system to 
extend the upper limit, and trip wires were placed 
in the entran ce cone to initiate the turbulent regime 
at lower Reynolds numbers. 

T ABLE 4. Resistance coefficien ts ]Tom various segments 
(series 1) 

Upstream brass Teflon Downstream Blasius 
brass law 

R ---- -
Al A, AI A, A7 AS A 

-------------
20,000 0.0267 0.0272 0.0282 0. 0272 0.0277 0.0275 0.0266 
30,000 .0241 . 0279 . 0249 .0241 . 0244 . 0244 . 0240 
40,000 .0224 .0222 .0228 .0224 . 0223 . 0225 .0224 
50,000 .0212 . 0210 . 0214 .0212 .0210 .0213 .0212 
60,000 .0203 .0202 .0203 . 0203 .0200 . 0205 . 0205 

70,000 . 0196 . 0196 .0195 .0196 .0193 . 0197 .0195 
80,000 .0190 .0191 .0188 .0191 .0187 . 0191 . 0188 
90,000 . 0185 . 0186 .0183 .0186 .0182 .0186 . 0183 

100.000 . 0182 .0181 . 0178 . 0183 .0177 . 0182 .0178 
120,000 . Oli4 . 0176 . 017l .0176 .0172 . 0175 .01iO 

150,000 .0166 .0168 .0163 . 0167 . 0165 .0166 . 0161 

The results for the second series are shown in 
fiaures 10 to 15, inclusive, and in tables 5 and 6. 
H ere again no difference is to be found between the 
resistance coefficients of Teflon and brass. This 
may be seen in table 5 by comparing values of A, and 
in table 6 by comparing values of the coefficient A, 
pertaining to the formula 

(20) 

The closely linear character of the curves in figures 
10 to 15 indicates that formula (20) is a close approxi­
mation over the range of R eynolds number 4,000 to 
120,000, the latter being the upper limit of the 
experiment . 

T ABL1, 5.- Resistance coe:{ficients jrom various segments 
(series 2) 

U pstream brass Teflon Downstream brass 
R 

Al A, )" A, A7 AS 
---------------

4,000 0.0'106 0.0420 0.0,103 0.0412 0. 0421 0.0414 
6,000 .0365 .03i4 .0369 .0369 . 0373 .0373 
8, 000 . 0338 . 0345 .0345 .034 1 .0344 . 0347 

10,000 .0319 .0322 .0327 .032 1 .0323 .0326 
20,000 .0267 .0272 .0275 .0268 . 0268 . 0268 

30,000 .0241 .0246 .0246 . 0240 .0241 .0242 
40,000 . 0225 .0228 .0228 .0225 .0224 .0225 
50,000 . 0212 .0216 . 0216 .0213 .0212 .0214 
60,000 . 0204 .0206 .0206 .0204 .0203 .0205 
70,000 . 0197 .0198 .0199 . 0198 . 0196 .0197 

80,000 . 0192 .0192 .0192 .0192 . 0189 . 0191 
90,000 . 0186 .0186 .0187 .0187 .0184 .0186 

100, 000 .0182 . 0182 .0183 .0183 .0180 . 0182 
120,000 . 0176 . 0175 . Oli5 . 0177 . 0173 .0174 

T ABLE 6. Values oj AjOl' A=A R-I/4 

R X1R I/4 A,RI ' 4 A4RI ' 4 A, R I/4 A7RI,1 AsRI" 
------------------

4,000 0.3229 0. 3333 0.3198 0.3269 0.3341 0. 3285 
6, 000 .32 12 .3292 .3248 .3248 .3283 .3283 
8,000 .3196 .3263 .3263 .3225 .3253 .3282 

10,000 . 3190 .3220 .3270 .32 10 .3230 .3260 
20,000 .3174 .3234 .3269 . 3186 .3186 .3186 

30,000 .3 l7l .3237 .3237 .3158 .3171 .3184 
40, 000 .3182 .3224 .3224 .3182 .3167 . 3182 
50, 000 .31 iO .3229 .3229 . 3185 . 3170 .3200 
60,000 .3192 .3223 .3223 .3192 .3177 .3208 
70,000 .3204 .3220 .3236 .3220 .3188 . 3204 

80,000 .3228 .3228 .3228 .3228 . 3178 . 3212 
90,000 . 3221 .3221 .3238 .3238 .3187 .3221 

100, 000 .3236 .3236 .3254 .3254 .3200 . 3236 
120,000 .3275 .3257 .3257 .3294 .3219 . 3238 

--------- ------
l\~[ eau ___ 0.3206 0.3244 0.3241 0.3221 0.3211 0.3227 

With regard to the question of the effect of the 
material of the tube, the m ean values of A in this 
range are A ~brass) = 0.3222 and A (T eflon) = 0.3230. 
Obviously no effect of slip is discernible. 

5. Discussion of Results 

The discrepancies between theory and experimen t 
found in the entrance length and the small deviations 
from the Blasius law show the importance of a direct 
comparison between T eflon and a wetting material 
in reaching a valid decision concerning the presence 
or absence of a slip effect. This is particularly true 
where the objective is to det.ect even small effects if 
they should exist. 

As previously noted, there were no differences 
beyond the experimental scatter between the be­
havior of Teflon and brass in the fully developed 
turbulent regions. In the entrance Jength, different 
segments of tubing showed varying amounts of 
disagreement with theory. Perhaps the disagree­
ment is slightly more for the T eflon than for the 
brass. If the difference had been in such a direction 
as to suggest a lower value of A for T eflon than for 
brass, there may have been a hint of a slip effect in 
the laminar r egime. However , the difference sug­
gests a higher value of A, in direct opposition to a. 
slip effect. 
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The mean values of the coefficient A in formula 
(20) for T eflon and brass differ by only 0.25 percent, 
with that for T eflon being the higher. Because the 
separate mean values in table 6 differ by more than 
this, no significance can be attached to the slightly 
higher values of A for T eflon. The mean of all 
values of A in table 6 is 0.3225. This is about 2 
percent higher than the generally accepted value of 
0.3164. Differences of this order are to be expected 
in experiments of this type. 

The larger discrepancies occurring in the laminar 
regime and in the turbulent regime just after the 
completion of transition, while not significant in the 
main objective, are nevertheless of interest. If a 
transition region consists of a succession of laminar 
and turbulent states following one another in time, 
there would be no reason to suppose that the turbu­
lent coefficient would be abnormally high at the 
Reynolds number where all laminar states had just 
disappeared. It is believed therefore that this effect 
is probably associated with the high value of }.. in the 
laminar regime, and that this in turn is the result of 
some entrance condition. Perhaps there was some 
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swirl remaining in the flow from the bend 8 ft up­
stream from the entrance cone. Unfortunately no 
velocity surveys were made to determine the actual 
condition of the entering flow. ... 

The absence of a measurable slip effect implies 
that the characteristic length l is zero for Teflon as 
it is for a wetted material. This evidently means 
that adhesion, even though weak compared to the 
cohesion of water, amounts to a contact so complete 
as to preclude relative movement. Apparently the 
nature of the contact is such that water can be 
pulled free by a normal force, but its grip cannot be 
broken by a tangential force applied by viscous 
shear. It does not necessarily follow that this would 
be true for all flow conditions and all hydrophobic 
materials or surface conditions. 

The author acknowledges the assistance given and 
contributions made during this investigation by 
G. B. Schubauer and G. H. Keulegan. He is partic­
ularly grateful for their suggestions regarding the 
form and content of this report . 
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