
upstream velocit.y profiles, there are not enough data at present to 
evaluate the relative merits of each meter when subjected to 
these velocity changes. Largo changes in discharge coefficient 
due to velocity-profile effects shown in this paper are attributed 
to the fact that the meter was of a large Beta ratio or that the 
range of pipe roughness was large. 

With investigations of velocity-profile effects, boundary-layer 
effects, and roughness effects in the meters themselves the term 
"standard coefficient" is becoming increasingly meaningless, 
especially for the high-Beta-ratio meters. This is not to detract 
from the excellent work that has been done in the past in this 
field but rather to point out that increased knowledge is resulting 
in more research on the various aspects that affect the discharge 
coefficient. 

Conclus ions 
From the tests by this and other investigators the following 

conclusions seem evident: 

1 All pressure-differential meters are affected by changes in 
upstream velocity distributions. 

2 The Lo-Loss meter and the orifice show linear variations in 
discharge coefficient with velocity near the wall. The venturi 
meter shows linear coefficient changes with pipe factor. 

3 Changes in upstream velocity results in greater changes in 
discharge coefficient with increase in Beta ratio. 

4 The discharge coefficients of the devices mentioned gen-
erally increase with pipe roughness. 

5 The effect of an eccentric velocity profile can sometimes be 
reduced b y proper manifolding of piezometers. 

6 An accurate statement of discharge coefficient must be 
accompanied by the upstream velocity profile, the meter rough-
ness, and the Rej 'nolds number. 
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D I S C U S S I O N 
S. R. Be i t ler 2 

The author is to be congratulated on the publication of this 
material. The amount of work done in determining the effect of 

2 Professor Emeritus of Mechanical Engineering, The Ohio State 
University, Columbus, Ohio. Fellow ASME. 

velocity profile ahead of the primary element on the coefficient 
of discharge of inferential head meters is very limited and much 
more is needed to establish the exact effects of distorted traverses 
on the meter flow. The use of the actual traverse ahead of the 
primary element is one way of predicting this effect but is c u m -
bersome and time consuming, and the traverse is in many in-
stances practically impossible to obtain, so that some other 
parameter must be used to be of any commercial value. T w o 
of those suggested here are the pipe factor and the impact pres-
sure near the wall. 

The writer has had a research on the effect of upstream profile 
on the flow through orifices going on under his direction for the 
last two years and some interesting conclusions have been 
reached based on the results of this research. This project is 
supported b y the American Gas Association and the results 
should be available for publication within the next year. 

The project was first studied from the theoretical point of view 
and it was decided to hunt for some parameter based on the 
change in momentum of the flow in the annulus directly ahead 
of the solid part of the orifice plate. Work was done on a six 
inch line using several different sized orifices and types of dis-
turbances and it was determined that curve could be drawn of the 
error in indicated mass flow rate against the excess pressure 
ahead of the solid part of the orifice plate which gave very 
smooth curves for a wTide variety of profiles from high wall flow to 
high center flow and with many nonsymmetrical profiles. The 
excess pressure is defined as the integrated value of the impact 
pressure required to cause the contraction of the stream into the 
orifice. A further study indicated that if the error terms were 
divided b y the area ratio that one curve would fit all orifices. 
This then yielded a parameter which seemed to be a good one 
except that it was difficult to determine. 

A further study seemed to indicate that the difference between 
the wall pressure ahead of the orifice one pipe diameter and the 
pressure in the inlet corner might also serve as a parameter and 
work is now going on studying this idea. The results look promis-
ing and it is hoped that this pressure difference can be used as a 
parameter. If it can, it will be relatively simple to determine and 
use. 

F. V. A. Enge l 3 

The author's investigation on velocity profile influences on the 
discharge characteristics of various types of pressure differential 
meters is of great interest. It. appears to be the first experimental 
contribution to the subject which is partly in accordance with a 
recommendation of Working Group 3 of I S O / T C 30. In 1955, at 
a meeting in London, a resolution, given below, was carried 
recommending that all future research on discharge coefficients 
of pressure differential devices should carefully investigate their 
dependence on changes in velocity distribution. " T h e friction 
factor and the velocity profile should be determined over the range 
of Re.ynolds numbers for which the discharge coefficient is ob-
tained. The velocity profile should be determined b y Pitot 
traverses in three planes being inclined 120 deg and intersecting 
in the pipe axis." 

More recently the writer [9 and 10 ]4 has amplified these re-
quirements, establishing detailed and comprehensive specifica-
tions of approach conditions. The more important issues, which 
should be carefully considered in any systematic investigation and 
of which full details should be given, are: 

1 Entrance length, which is of great importance when extend-
ing investigations below the so-called constancy limit, which is 
related to Reynolds numbers of the order of 100,000 to 200,000 
depending on the area ratio. 

3 Engineering Consultant, Workington, Cumberland, England. 
Consultant: Electroflo Meters Company, Ltd., Park Royal, London. 

4 Numbers in brackets designate Additional References at end of 
this discussion. 
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2 A large range of Reynolds numbers should be covered, as 
it is doubtful if fcliscliarge characteristics become truly constant 
particularly for orifices with large area ratios. 

3 Turbulence level, characterized by fluctuation of the 
spacial velocity components. This feature has never been in-
vestigated in connection with differential pressure devices. I t 
may be of importance in connection with flow conditions related 
to certain types of roughness patterns [11 and 12]. 

4 Pipe roughness. In view of recent investigations pipe 
roughness, mentioned under item 3, may require a more compre-
hensive specification. I t has still to be shown that the velocity 
profile or the pipe factor or the lambda-friction factor character-
izes roughness sufficiently. At present roughness is mainly de-
scribed b}r geometrical dimensions or configurations, viz. : (a ) 
Height of roughness elements or relative roughness; (b) geo-
metrical shape of roughness elements; (c) spacing or configura-
tion of roughness elements: ( i ) " sand" roughness, i.e., closely 
packed elements; (ii) "natural" roughness, i.e., randomly 
arranged elements; (iii) distinctly spaced elements, e.g., corru 
gated pipes. 

These remarks show that the task is a formidable one. There-
fore the author's contribution is very welcome even if it cannot 
be expected to be exhaustive. 

The author has used three methods to obtain different velocity 
profiles. More details about the installation of the various de-
vices would be helpful, e.g., the length of the wire mesh and its 
distance from the pressure differential device. A very interesting 
result obtained from the author's investigation is the fact that 
onty the velocity profile itself matters and the method by which 
it was obtained appears to be of no importance. In view of items 
3 and 4 this point should be carefully checked. However, it 
would have been useful if the author had specified the lambda-
friction factor as recommended by ISO, for the "slightly rough-
ened steel pipe," which he related to the "normal " velocity 
profile. 

From the preamble to the discussion it is evident that for 
many years authorities on flow measurement have been well 
aware of the deficiencies in our knowledge of discharge charac-
teristics. Most of the experimental investigations conducted 
some 30 yr ago cannot be reassessed nowadays, as the experi-
ments were not designed to include essential quantities or 
features required for a reassessment. This is the reason why care-
fully planned investigations are still necessary. But the state-
ment that the term "standard coefficient" is becoming increas-
ingly meaningless, especially for the high-beta-ratio meters, 
should be qualified in view of the previous remarks and in view 
of the tolerances or limits of accuracy normally attributed to 
large area ratio devices. These tolerances could be improved 
when the research program as outlined has advanced our knowl-
edge and in particular when we have established the more im-
portant influencing features. The author rightly mentions in 
item 6 of his conclusions some of the requirements for improved 
conditions. 

Regarding a better understanding of flow mechanism related 
t o measuring orifices the writer would like to ask a question re-
garding the significance of the last paragraph on the Orifice, p. 4. 
Does the last sentence referring to a decrease of the contraction 
coefficient for flat velocity profiles in contrast to more steep pro-
files explain completely velocity influences? From the beginning 
of that paragraph and also from the equations (2) , (5), and (6) it 
appears likely that the kinetic energy correction terms alpha 
themselves may at least partly account for deviations of the dis-
charge characteristics from the standard one. Does the author 
distinguish between these two features which, in their final re-
sults, may not be separately determinable? 

Additional References 

9 F. V. A. Engel, " H o w to Improve Flow Measurement Accuracy 
of Orifices, Nozzles, and Venturimeters," Symposium on Flow 

Measurement in Closed Conduits. Paper C'-4, presented September, 
1960, at National Engineering Laboratory, East Kilbride, Glasgow. 

10 F. V. A. Engel, "Durchflussmessung in Rohrleitungen. Bericht 
liber ein Symposium in East Kilbride (Schottland)," Brennstoff-— 
Wiirmekraft, vol. 13, 1961, no. 3, pp. 125-133. 

11 II. M. Morris, "F low in Rough Conduits," Trans. ASC'E, vol. 
120, 1955, pp. 373-410. 

12 H. M. Morris, "Design Methods for Flow in Rough Conduits," 
Trans. ASC'E, vol. 126, 1961, pp. 454-490. 

J. W. C a n s 5 

Mr. Perron's paper clearly indicates that pipe roughness and 
the associated velocity profile created bj- varying degrees of sur-
face finish affect the discharge coefficient of all pressure dif-
ferential producing elements. It is also evident that additional 
work is necessary in this field to present a complete and conclusive 
picture of the effects as applicable to the different types of ele-
ments. 

The Penn Meter Company uses a means of computing the L o -
Loss tube throat diameter which takes into account velocit.y pro-
file produced as a result of pipe size, pipe roughness, and con-
sideration of the pipe Reynolds number. A linear variation in 
coefficient is experienced with these factors. I t is therefore pos-
sible to plot a family of curves of coefficient versus Beta ratio for 
varying friction factors. 

The successful use of these data requires the computation of the 
pipe Re.ynolds number at the average flow rate and examination 
of the relative roughness factor for the pipe size and type in-
volved. From these data the friction factor may be obtained and 
it is possible to establish the correct coefficient using the curves 
described above. 

W. EVSelas6 

The writer points to several inconsistencies in the paper and 
assumes the author will make corrections. 

First, in Fig. 5, the "Veloc i ty at 2 ' A % of Diameter" does not. 
agree with the text on right-hand side of p. 4, which states " 2 V ; % 
of the radius f rom wall ." 

Second, the statement at right-hand top of p. 4 does not agree 
with Professor Hooper 's Fig. 13 of his paper published in the 
J O U R N A L OP B A S I C E N G I N E E R I N G , T R A N S . A S M E , S e r i e s D , v o l . 
84, 1962, p. 461. 

Third, the Figs. 5 and S should be plotted using the same units 
so that variations of C are on a comparable basis. 

Fourth, orientation and location of taps should be stated in 
Fig. 11. 

In January, 1954, Mr. Stanley Abramowitz presented a thesis 
to the University of Pennsylvania, " T h e Effects of Pipe Rough-
ness on the Discharge Coefficient of Fluid Meters ." Using three 
degrees of roughness in a 6-in. pipe, he found that with a 0.64 
Beta orifice, the C value increased 6 percent as compared to com-
mercially smooth pipe. A 0.49 Beta venturi nozzle increased 
2 percent in the same environment. 

Another excellent paper is recorded b y S. P. Hutton as " T h e 
Prediction of Venturi Meter Coefficients and Their Variation 
With Roughness and A g e " in the Part I I I Proceedings of the In-
stitution of Civil Engineers, April, 1954. This paper has an ex-
tensive bibliography. 

M u c h excellent work regarding influence of velocity profiles on 
meter coefficients has recently been done and reported rather fully 
by Mr . R . G. West in recent issues of the British "Instrument 
Practice." 

5 Chief Engineer, Penn Meter Company, Philadelphia, Pa. Assoc. 
Mem. ASME.. 

6 Director of Engineering,. Penn Meter Company, Philadelphia, Pa. 
Mem. ASME.. 
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I . 0 . Miner 7 

M a n y tests have been made to determine velocity profile 
effects on differential producers. The results of several such tests, 
and attempts to correlate them with theoretical computations, 
have been published. 

The author's contribution is a rather extensive series of tests on 
a new differential producer, and similar but slightly different tests 
on devices in existence for a long time. The author states that it 
is not the intention of his paper to evaluate the relative merits of 
pressure-differential devices while operating under various 
velocity profiles. Nevertheless, the data presented make worth-
while comparisons possible. 

I agree with the author's conclusions except that conclusion 
no. 6 needs limiting. I t reads, "Ail accurate statement of dis-
charge coefficient must be accompanied b y the upstream velocity 
profile, the meter roughness, and the Reynolds number . " 

I submit that the author's tests, and this discusser's experience, 
indicate that it is not necessary to know the velocity distribution 
upstream of a venturi tube for accurate metering provided 
that upstream piping is consistent with requirements published 
b y A S M E [2], 

The author's Fig. 6 gives the coefficient of a homemade venturi 
tube with three vastly different upstream velocity profiles. This 
tube was not the equivalent of one of standard manufacture as 
is indicated b y the failure of the coefficient to become constant. 
Nevertheless, all values are within the standard range of 0.984 
± 0.75 percent. 

The author relates changes in coefficients of different devices to 
different parameters, and he covers different ranges of parameters. 
A pretty good comparison of Lo-Loss tubes, orifices, and venturi 
tubes can be made b y assuming that the three points in Fig. 8 
were obtained with the velocity profiles shown b y curves I, II , 
and I I I of Fig. 7. Extrapolating the orifice curves, Fig. 10, to a 
velocity ratio of 0.9, we obtain the following comparison as 
, velocity at 2 y , % of dia 

the • . ' . varied from 0.66 to 0.9 
center line velocity 

Lo-Loss Tube Orifice, F1 Taps 
Change = 6 % Change = 3 . 2 % 

Orifice, Rad Taps Venturi Tube 
Change = 3 . 1 % Change = 0 . 4 % 

The relative capacities of these devices, calling the capacity of the 
Lo-Loss tube 100 was 84 percent for the venturi and 68 percent for 
the orifice. Thus on the basis of equal capacity the standing of 
the venturi would be lowered slightly, and that of the orifice 
would be lowered considerably. 

The author's conclusion no. 6 should be extended along these 
lines: " A n accurate statement of discharge coefficient must be 
accompanied by the upstream velocity profile, the meter rough-
ness and the Reynolds number" except that for some devices 
tolerances have been established within which the coefficient will 
lie if the upstream piping is as prescribed. 

A further conclusion that can be drawn from the author's tests 
and this discusser's experience with differential producers includ-
ing several types with curvilinear flow is this: differential pro-
ducers which depend on curvilinear flow to increase the differen-
tial pressure are very sensitive to upstream conditions, particu-
larly at high jS, and venturi tubes with their lower s e n s i t i v e 
to velocity distribution and their smaller (3 for given capacities 
provide much more latitude in approach conditions. 

R. G. West 8 

There are special difficulties in writing a paper such as this in 
which a quite comprehensive view is offered of some particular 
aspect of flow measurement technology. 

7 Engineering manager, B-I-F Industries, A Division of the New 
York Air Brake Company, Providence, R. I. Mem. ASME. 

8 Research and Development Department, Geo. Kent Ltd., Lon-
don, England. 

Briefly, the difficulties are mostly concerned with omission—• 
what to leave out while at the same time avoiding the charges of 
lack of evidence and of definition. 

I shall discuss this aspect first. When reading the paper there 
are quite a few places where I feel the need for more information. 
I realize that the author probably wished to write a concise paper 
and intended to bring out points of detail in discussion. M a y I, 
therefore, present m y list of "explanations and details required" 
with a few interlocutory comments. 

1 W h y does the author say that a pitot bar, as opposed to a 
pitot tube, eliminates modification to the velocity profile? Has 
he facts which lead him to reject the Prandtl (N .P .L . ) type of 
pitot tube so often used for this purpose? ( I am familiar with the 
paper b y Numachi on pitot bars, but do not recall any major 
criticism therein of the use of a pitot tube of the Prandtl type for 
traverses in small diameter pipes. Surely the work reported b y 
Fage and Ower and Johansen shows that the position of the static 
pressure slots takes accountof the stem influence. In addition, the 
pitot tube stem obstruction is (a) well behind the impact pressure 
mouth; and (b) a variable according to the depth of insertion as 
compared with the fixed obstruction of the pitot bar. 

2 Has the author experimental evidence to support the in-
geneous use of a conical reducer as a means of creating a smooth 
velocity profile? Is he satisfied that the turbulence levels just 
downstream of the reducer are no more than those found in a 
smooth pipe; that pitot traverses can be made successfully, with-
out directional errors, so close to the outlet of a reducer? If so, 
will he provide the value of the friction coefficient X which 
corresponds to the smooth pipe profile used in his tests. 

3 In general, is the author satisfied that these artificial means 
of producing smooth and rough pipe velocity profiles are satis-
factory? Did he find it possible, for example, to actuallj- measure 
friction losses by which to evaluate the coefficient X? Were the 
pitot traverses of the velocity distribution caused b y the wire 
meshed pipe made immediately at the end of the wire mesh, or in 
a plane within the roughened section? Has he b y chance tried 
repeating any of this work using equivalently smooth and rough 
pipes and, if so, do the results tally? 

4 On the subject of roughness, I note that the internal sur-
faces of the A S M E venturi were painted. Does this mean (a) local 
to the mouths of the pressure holes; or (6) all of the throat sur-
faces; or (c) the entire profile? 

5 Was the Lo-Loss painted in the same way? 
6 Could the author give some idea of the relative roughness 

of the painted sections compared to those of the unpainted 
sections, and of the upstream pipes in rough and smooth state? 

7 If the area around the pressure hole mouths only were 
painted, were any tests made with and without paint to discover 
whether it made any difference to the measured throat pressure? 

S Did the painted surfaces remain in the same condition 
throughout the tests? 

9 As a general request, will the author provide (a) for the 
final record, dimensioned drawings of the devices used; and (6) 
more specific information about the curves on the various figures. 
For example, Fig. 1 has curves A, B, and C, but nowhere in the 
text does it say to which pipe condition each applies. Inci-
dentally, could the Author say why Curve C is asymmetrical? 

As far as the test results themselves, and the author's com-
ments on them, I fear that many readers will be worried about 
the apparent lack of consistency and about many unqualified 
conclusions. 

Lo-Loss Meter 

For example, the velocity distribution in the throat of a venturi 
type of constriction will only resemble that in the upstream pipe 
when the area ratio of the device is large. 

The sensitivity of high area ratio devices to changes in upstream 
profile is a measure of their inability to cause a drastic change to 
the velocity distribution. Therefore, there seems no significance 
in the profile resemblance here noted. 
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Has it ever been assumed that a 2 = 1 for a device which, as 
the Author notes, depends, for its operation, on curvilinear flow? 
It is difficult to see any justification for such an assumption which 
requires a flat velocity profile in the throat. Even in the classical 
venturi tube throat, a 2 is only taken to be unity within the limits 
of accuracy required. 

I am not sure that I understand the statement: "Af ter analyz-
ing the velocities . . . . and obtaining identical results. Identical 
to what? H o w does this statement stand in relation to the plot 
of velocities at 2'/2 percent radius from wall, Fig. 5, and to the 
subsequent sentence that " . . . the discharge coefficient increases 
linearly as velocity near wall decreases . . . ? " 

I should have taken Fig. 5, to show the dependence on pipe-
relative-roughness, of the 2'/-> percent velocity in the case of 
curves A and D , with some uncertainty for curves E and F, be-
cause they are at a different Reynolds number. Could the author 
provide Cv. Rd. curves for the Lo-Loss tubes in the same form as 
Fig. 6 in order that the effect of velocity profile can be seen more 
clearly? 

Certainly, there is some confusion: for, if Cd varies linearly and 
inversely with velocity, how can analysis using 2 y 2 , 5, 10 percent 
D give identical results? The confusion over radius and diam-
eter in text and on graphs must be resolved. I have assumed 
that diameter is intended, for 2 ' / 2 percent of radius would be dif-
ficult to read from graphs. 

M y curves, Fig. 14, show that there is a 37 percent reduction in 
1*2'A percent between profiles A and C, but only 26 percent for 
I 10 percent- Again, although for the curves F and C, the per-
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centage difference is about the same at 2 ' / 2 percent D, and 10 
percent D , the sense or sign is opposite. Obviously I must have 
misunderstood the author's intention here and shall be pleased 
to have his explanation. As a matter of interest, I show in Fig. 
15 a revised version of Fig. 5 using pipe factor. 

One final comment on this section: why are there three profiles 
in Fig. 1, one in Fig. 2, and two in Fig. 3? In this connection, did 
the Author test one particular pipe condition with one Lo-Loss ven-
turi, and then another pipe condition with a second Lo-Loss 
venturi, and so on? If not., has he information to show that varia-
tions in velocity profile on the performance of one meter gives 
the same results? 

As far as Fig. 7 is concerned, there appears to be no actual 
statement in the text as to which curves apply to which upstream 
conditions. 

Venturi Meter 

The coefficient data in Fig. 6 are for Reynolds numbers in the 
range 100 X 1 0 - 3 — 10 X 10~3, but reference is only made to 
velocity profiles I, II , and III obtained at RD = 600 X 10" 3 . 
Could the author say whether there was any significant change 
in profile at RD = 100,000 and, if possible, give the appropriate 
curves? 

In his analysis of this meter, the author uses pipe factor. 
However, he has used ot2 based on data from the Lo-Loss meter 
tests from which I presume that he does not discount the possible 
effects here of curvilinear flow. In wdiich case following his 
earlier remarks about the importance of velocities near the wall, I 
wonder why the author does not continue to use the F2V2 pe r cent 

D/Vc ratio rather than pipe factor, particularly as he uses this 
again in his discussion of the orifice results. 

In anjr event the presentation in Table 1 of coefficient data with 
alternative values of both ai and a 2 requires some comments from 
the author about a itself. All through, he has referred to Pro-
fessor Pardoe's 1943 paper which is a final section to the work 
first reported b y him in 1936. In particular, Mr. Ferron quotes 
as his equation (6) , that for C'c due to Pardoe and this includes K 
and a defined b y Professor Pardoe as, 

6 w 
K = 0.612571" I7 / ; -2 — 

2 g 

and 

0.6125 
( o / 6 ) 3 

1.0584 

On the other hand, Hutton and others use the form, 

( 7 ) 

(8) 

( 9 ) 

Suffices 1 or 2 can be allocated to a, v, V, r, R, depending on 
whether the upstream or throat velocity distribution is being used 
for evaluation purposes. The Pardoe derivation assumes that the 
velocity profile approximates to an ellipse while Hutton relies on 
the expression, 

— r 

v X 

7 " 1 + 2 ' 5 V i s 
+ log 

2ghD\ 
x = w ) 

Generally speaking, there seems little justification for the use 
of a i = 1.0 or indeed for a 2 = 1.0 [a: as obtained from equation 
(9) ]. I t would be interesting to have the values of ai and a 2 used 
in preparing Table 1. Using equation (9), the values of for the 
curves in Figs. 1, 2, 3, and 7 are: 
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Note that for: 
Fig. 1 A Oil = 1 .oos 

B ai = 1 .032 

C a i = 1 .123 

Fig. 2 D <*] = 1 .021 

Fig. 3 E a i = 1 .012 

F a i = 1 .048 
Fig. 7 I a i = 1 .039 

II <*i = 1 .025 
I I I ai = 1 .007 
IV oi, = 1 .090 

<Xi = 1 .01 X = 0.002) 

a i = 1. 03 X = 0.012 f 

Oil = 1 .05 X = 0.018) 

G-'l = 1 .123 X = 0.04 [ 

On the strength of these values, it seems unlikely that the rela-
tive roughness of the 24, 12, and 6-in. pipes is the same and it 
follows that the relative roughness relationship between pipe and 
the various devices must have also varied.-

Orifice 

I should like Mr . Ferron to enlarge on his remarks about " the 
fluid which approaches the orifice radially," because it could be 
taken to mean that there is a radial flow down the upstream face 
of an orifice plate. Experiment suggests, however, that radial 
flow toward an orifice bore occurs away from the face and is not 
in an}' case truly normal to the axis of flow. T o clear this point up 
will not of course detract from the general explanation of vena 
contracta in terms of momentum exchange. 

As already pointed out, the analysis of velocity distribution 
effect by use of the V2'/i percent D/Vc ratio instead of pipe factor 
spoils direct comparison with the venturi results. 

Eccentric Profiles 

Even allowing for the need to be concise it seems a pit.}' that no 
velocity distribution graphs are given for the flow after the Tee. 
I hope that this information will be added during discussion, or 
in time for the final printed copy, together with an "effect of 
velocity distribution" graph. 

I suppose that no one will argue convincingly against the use 
of manifolded taps for asymmetric velocity distribution. There 
are cases known where such an arrangement has not improved 
matters, but generally it is helpful. However, it cannot be too 
strongly emphasized that single taps correctly related normal to 
the plane of asymmetry are capable of giving accurate results. 

Incidentally, one of the unsatisfactory features of standard 
specifications is their use of the generic phrase such as single 
elbow, single right angle bend, and so on. I t is important to 
specify the dimensions of these fittings. Failure to do so can mean 
that unexpected velocity distributions may be obtained from a 

Very smooth 

Quite rough 

number of supposedly identical fittings merely because the 
"single bends" are, in fact, of different dimensions. 

In this present case, Mr. Ferron has, perhaps unintentionally, 
placed information about bend effects side by side with Tee 
effects, I t is unlikely that the velocity distribution from these 
two fittings will be identical and therefore comparisons between 
them in respect of coefficient changes and /or required pipe 
lengths should be treated with caution. 

There can only be agreement with the Remarks and Con-
clusions, particularly in respect of the term "standard co-
efficient ' ' 

M y comments are not intended to detract from the value of 
this paper at all. I t is in fact a well timed appearance and it is 
most important that Mr. Ferron, and others who can do so, con-
tinue this work. 

I hope that the inconsistencies of presentation can be elimi-
nated by providing complete sets of data for each device. Maybe , 
too, the author will add some notes to guide readers who may seek 
to make comparisons of data which encompass six types of 
venturi tube, various orifices, nozzles in pipes ranging from 2 - 2 4 
in. and Reynolds numbers from the viscous range 600-3000 lip to 
the turbulent values of 600,000. 

I find it disappointing that greater use has not been made here 
of the Reynolds number-a-velocity profile-A-relative roughness 
interdependence. In fact, I would like this sequence to be added 
to point 6 of the conclusions. 

Finally, it would be of great help to instrument users if the 
author could discuss changes in performance of metering devices 
with time in relation to development and modification of the 
velocity profile dependence along the same lines as Professor 
Hutton has done. 
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