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Mr. BiopER, V.P., would desire to offer his thanks to Mr. Leslie,
for the interesting Paper laid before the Meeting, and he was sure
that his observations would be accepted in the spirit in which they
were made, if he ventured to direct attention to some parts of the
Paper, which, in his opinion, required revision before being printed
in the Minutes of Proceedings.!

The Paper might be divided into two heads;—-1st, as to the
accuracy of the experiments themselves ;—and 2nd, as to the ex-
tent to which they might be considered, as a test of the accuracy
of the formula of Du Buat. With regard to the experiments,—
in the cases of low velocities and flat gradients, due precautions
did not appear to have been taken for guarding against obstruc-
tions, especially from the effect of the accumulation of air. TFor
instance, in the second series of experiments, with a pipe 540 feet
long, it was obvious, that the results could not be relied upon ;—-
in experiment 1, with a gradient of 1 in 2,200, the flow of water
was stated as ‘3243, whereas in the preceding series of experiments,
the flow was stated to be -7407, with a flatter gradient of 1 in
2,391

In Experiment 5, of the second series, the flow was stated to be
2:18, with a gradient of 1 in 220 ; whereas in the preceding series,
in Experiment 8, the flow was stated to be 3-, with a gradient of
1 in 230. These were examples of the discrepancies, more, or
less, pervading most of the experiments of the class.

‘With regard to the test of the formula of Du Buat, Mr. Leslic
had adopted a formula, which omitted from it, all those corrections
which were introduced by Du Buat, with the express view of meeting
the case under consideration. On applying Du Buat’s formula to
the present experiments, the alleged discrepancies were, however,
reduced ;—for instance, in Experiment 1, first series, in place of
being as 4 to 1, they were only about 21 to 1; in Experiment 2,
in place of being 2 to 1, they were as 3 to 2 ; and in Experiment
4, m place of a discrepancy, as represented, of about 3 to 2, the
results were nearly identical.

Referring to the experiments by Mr. Provis, quoted from the
Trans. Inst. C.E., Vol. 2,® a serious error bad occurred, in conse-
quence of Mr. Leslie having omitted, in the deductions, to allow
for the head due to the velocity generated in the pipes. That
allowance being made, and the correct formula applied, the results
were identical with those of Du Buat; affording a strong confir-
mation of the accuracy of that experimenter, not only as regarded
the formula, but also as to the experiments upon which that formula
was based.

! The Paper was submitted to the revision of the Author.—EpITOR.
2 Vide Trans. Inst. C. E., vol. ii., page 201.
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While on that subject, as there appeared to be, at present, a
strong tendency on the part of Public Boards, to invalidate esta-
blished formulee, and to introduce others affording larger results,
it would be well to direct the attention of all who desired to inves-
tigate the subject, to the article ¢ Theory of Rivers,” in Dr.
Robison’s Mechanical Philosophy.! By an attentive perusal of
the article, they would not only be confirmed in their faith in the
experiments and formule of Du Buat, but they would be satisfied
how little the practical result depended upon whether, in point of
fact, the flow of water was under-stated, even to the extent of 20
per cent. ; for instance, in a culvert of 100 inches diameter, such a
discrepancy would not influence its dimensions to the extent of 71
per cent., nor the cost of construction probably to the half of that
per centage :—in fact, practically, below the margin allowed by
all careful Engineers, for contingencies that could not be estimated.
And after reading and understanding the article, they would ap-
Ppreciate the sentence,—* We must understand their motions, and
their mode of secret, slow, but unceasing action, that our bridges,
our wharfs, our dykes, may not become heaps of ruin. Ignorant
how to proceed in these daily-recurring cases, how often do we see
projects of high expectation and heavy expense, fail of their object,
leaving' the state burdened with works, not only useless, but fre-
quently hurtful ?”

This quotation derived peculiar significance, from certain facts
attending the publication of a pamphlet, proceeding from one of
the recently appointed Metropolitan Commissioners of Sewers, and
purporting to be a “ Memorandum on the Data employed in deter-
mining the Sizes, and estimating the Cost of the Works, designed
for the Main Drainage of the Metropolis,” in which it was stated,
-—“De Prony’s formula, applied to this latter class of cases, gives
results which, as Claudel states, (““ Formules,” p. 110,) deviate in
some instances from the truth, by no less than 29 per cent.” But
in reality, on reference to the authority there quoted, it appeared
that no such passage existed, and the inference was entirely un-
supported.?

Mr. Haywoop observed, that probably at no other period of
engineering experience, had there been more evident necessity for
the accurate determination of the capacity of the large ducts, for
the sewerage of large towns. If several miles of huge sewers, in
the Metropolis, were constructed of too large dimensions, there
might be an extra expenditure of 5, or 10 per cent., which was

! Vide Robison’s Mechanical Philosophy, vol. ii., page 388; edition, 1822.

2 The passage did exist in the early editions of the work, but the inaccaracy of
the statement was demonstrated, and it was expunged from all the editions, pub-
lished after that of 1849,

[1854-55. N.s.] : U

Downloaded from ftp.nowpubliéhers.com/jmipi/article-pdfM 4/1855/288/2698105/imotp_1855_23909.pdf by guest on 20 August 2026



290 FLOW OF WATER THROUGH PIPES,

the full extent of the injury ; but if, by the adoption of empirical
and incorrect formule, their dimensions were unduly restricted,
the whole system might be a failure, and the expenses induced,
would be enormous. Common sense indicated this evident result,
and the experience of all professional men corroborated it.

Mr. HAWKSLEY coincided with the views just expressed, and
remarked, that the formula published by authority, and insisted
on by the Board of Health, gave resuits, differing very considerably
from those of accepted practised experimenters, and men of ad-
mitted scientific attainments and mathematical knowledge; it
would be desirable, therefore, to ascertain how and by whom these
modern experiments had been made, in order to be assured of
the degree of credence to be accorded to the results. Up to the
present time, there had been no means of knowing how the results
had been arrived at, nor of being assured of the competency of the
persons employed ; these were important elements, as nothing
demanded more delicacy and habit of observation than hydraulic
experiments, requiring profound scientific acquirements, as well
as practical engineering skill, and if any elements were omitted,
or any conditions were erroneously noted}: the entire results would
become: useless.

Mr. BAZALGETTE, in answer to questions put through the Pre-
SIDENT, explained, that it was not correct to attribute to the
Metropolitan Sewers Commissioners, the experiments which were
complained of ; they had not been so made ; but had been under-
taken by a Committee called the ¢Trial Works Committee,” by
whom no official report had ever been formally made. The ex-
periments were directed by Mr. J. Roe, formerly of the Holborn
Sewers’ Office,—Mr. Lovick, an officer of the Metropolitan
Sewers,—and Mr. Medworth, then a clerk of Works under the
Commission, and now keeping the ¢ Victory’ Public House, at
167, Oxford Street. Records of some of the experiments did
exist in the archives of the Sewers’ Office, but he thought that no
accurate results had ever been obtained from them.

Mr. R. Stepuenson, M.P., V.P., would recall the discussion, to
the question of the principles involved in the experiments ; it was
very desirable, if possible, to avoid even the semblance of persona-
lity, in any of the discussions at the Institution. e admitted, that
in this particular instance, it was almost unavoidably necessary, to
examine into the scientific qualifications of the persons conducting
these extraordinary experiments, in order to arrive at an estimate
of their value, or rather, he must say, their utter worthlessness ;
but all personal questions should, in general, be studiously avoided.

In the case of these experiments, it would have been more useful
to have selected such as could have been relied upon, with a view
to applying to the accepted formula, any correction that might be
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deemed necessary. The question was large and of much import-
ance ; it had engaged the attention of some of the first men of the
age, and it had been hitherto presumed, that the results they had
arrived at, were tolerably correct ; it would be a benefit to science,
to show that the discrepancies, assumed by the Board of Health
and others, did really exist, in order that a question of such vital
importance in the practice of Hydraulic Engineering, should be set
at rest.

Mr. HAWKSLEY said, he had a motive in making, through the
PrESIDENT, the inquiry with respect to the authority, upon which
the conclusions of the Commissioners of Sewers and, subsequently,
of the General Board of Health, had been arrived at. In dealing
with a subject, which was not onlyone of great philosophical moment,

- but which, from its nature, was, at this time, of paramount interest,
—one which demanded and had received the attention of distin-
guished philosophers and mathematicians, for a great number of
years past, and to which they had devoted themselves, for the
purpose of deducing formulee for practical cases,—it certainly did
become those, who professed to have made other experiments and
to have arrived at other conclusions, to inform the world how the
experiment had been made, and upon what data the conclusions
were arrived at. 'Whenever any particular science had attained
a certain amount of correctness, (which was the case with respect
to Hydraulics), if experiments were made, with a view to check the
deductions previously arrived at, it was obvious, that the persons
who made those experiments, should be well versed both in the
theory and practice of the science, as it was understood and
accepted, at the time those experiments were made. When,
moreover, there appeared in certain blue-books, conclusions which
were entirely at variance with,—nay, utterly contradictory of,—all
that was previously known, and admitted upon the subject, he
felt that it was necessary for the world, to know the qualifications
of the experimenters in this case, and for that reason, he had
elicited the informatioh relative to Mr. Medworth and the others.

He would elucidate his position, by directing attention to a few
of the extraordinary conclusions arrived at by these new autho-
rities, and the discrepancies they professed to have discovered in
the existing formulee. A Committee named in 1848, commenced
what they termed, ¢ a very elaborate series of experiments,”
under the peculiar notion, that little, if anything definite was, at
that time, known as to the discharge of water through pipes. They
soon arrived at the conclusion,—somewhat precipitately, it might
be thought,—that water flowed faster through earthenware tubes,
than it would do through tubes of almost any other material ;—also,
that it was not necessary, with a certain declivity in a pipe, to
take into account the head of water, which might be above the

U2
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292 FLOW OF WATER THROUGH PIPES,

mouth of that pipe ;—also, that it was of no consequence whatever,
in what way the tail of the pipe might be disposed of : —and then
they laid down as a sort of rule, that, disregarding the circum-
stances at the head and the tail, if the pipe, with a given incli-
nation, would, when receiving the water at the head, deliver a
certain quantity, it would, if perforated at intervals along its
length, and connected with. branches at all those points, deliver
a much greater quantity at the bottom, than could have
passed through from the top. This was an extraordinary con-
clusion to arrive at, as a matter of science; but they arrived,
at the same time, at the conviction, that nothing had been pre-
viously known with accuracy on the subject, and that they had
made a remarkable discovery: and immediately, as a practical
deduction, it was contended, that if a sewer had branches inserted
along its sides, it would discharge under precisely similar circum-
stances to a pipe; and consequently, a greater discharge would be
obtained at the end, than would be due to the sectional area of
the sewer, and the declivity at which the water flowed through it ;—
a conclusion which, it was scarcely necessary to say, was erroneous,
inasmuch as it was not in the nature of the case, that a sewer,
working without any pressure, should discharge its water in the
same manner as a pipe, working under pressure, and this, merely
by virtue of the inclination at which it was laid.

Feeling interested in this question, and having had his name, in
particular, brought into question both by the former Commis-
sioners of Sewers, and also by the General Board of Health, who,
in their books, quoted these experiments in justification of their
own diminished diameter of pipes, Mr. Hawksley was desirous
of knowing how and by whom they had been made; being a
ratepayer, and having, therefore, a right to go to the office
and inspect the books and papers, he did so, and the result of
his investigation was very curious. He found, that several thousand
experiments had been made ; some were made in the Fleet sewer,
some in Earl-street sewer, and some were made in the back yard
of the office in Greek-street. He examined the whole (so far as
they had been preserved,) of the books and papers connected
with™ the experiments, and he must state, that he found at the
office every disposition to aid him, and the most perfect order
among such of the papers as had been collectel. He endeavoured
to discover the manner in which the experiments had been made,
and to ascertain in what manner the conclusions had been arrived
at. To a considerable extent,—although the documents were in
a most imperfect state,—he succeeded ; and he would attempt to
give some of the results.

First mentioning, that the nature and the expense of the expe-
riments, which were continued for about a year and a half, were
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equally preposterous, he found, that some of them had been made
upon large glass pipes obtained, at great cost, from the best
manufacturers in London, although it was well known, by all
who had an adequate knowledge of the subject, as well as from
the published experience of the best authorities, that such inves-
tigations could lead to no useful conclusion; as it was easy to
show, that the friction in glass pipes was practically identical with
that in brick sewers, or pipes of earthenware, iron, or lead. 'The
cost of these experiments amounted, in some months, to £800, in
others, to £900, in others, to £300, or £400, and on the whole,
the expense of the experiments, made in relation to this and some
other almost equally childish matters, was £7,189. Such an
amount should have procured the finest sets of experiments, and
the best-established data, the world had known ; and yet, although
the results were, indeed, given, they would not bear the most cursory
investigation. Still they would enable the Members of the Insti-
tution, to judge of the value of the experiments. From one set of
experiments, the conclusion was arrived at, that a pipe of 6 inches
diameter, 100 feet long, laid perfectly level, (the inclination
being 0 and the head 0,) would discharge 46 cubic feet in a
minute —in another set, with an appreciable fall of 1 in 800,
which was not an unusual gradient,—(having established that with
an inclination of 0, the discharge was 46 cubic feet per minute,)—
the delivery appeared to reach only 46%;ths cubic feet per minute.
These were the experiments which had been most dwelt upon.
Other conclusions arrived at were, that, with a fall of 1 in 240,
the delivery reached 50 cubic feet, and that an increase of 4 cubic
feet only had been thus obtained on 46 feet,—the discharge of a
pipe, with an inclination = 0; or rather, that if a pipe with so
considerable a fall as 1 in 240, discharged 50 cubic feet, another
similar pipe, having no fall at all, might be depended upon to dis-
charge 46 cubic feet. Then going on to a double declivity,
namely, to 1 in 120, they obtained the extraordinarily anomalous
result of 59 cubic feet, although it was well known that, in such
case, the discharge must necessarily increase in the ratio of 1: +/2,
or be upwards of 70 feet.

It was impossible to wade through the whole of these experi-
nents, but the inevitable conclusion at which he arrived was, that
there was nothing in all that mass of thousands of experiments,
from which a single safe conclusion could be drawn. These expe-
riments were ordered to be reduced by an eminent calculator,
and Professor Airy, being communicated with on the subject, re-
commended for the purpose, Mr. Stoncham, a gentleman from
the Royal Observatory, who appeared to have devoted much
labour and attention, to reducing the experiments, and tabulating
the results, which he accomplished in a very excellent manner. In
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course of time, this gentleman made a Report of his proceedings,
and applied for payment for his services, which were ultimately
valued at, and paid for with, the munificent sum of eight guineas!
On inquiring, however, for this Report, it was announced to be
missing, and the deductions and the diagram of this gentleman
were alike absent; therefore, Mr. Hawksley was induced to look
more fully into the Minutes of the Commissioners. Further re-
search soon exhibited records of such extraordinary discrepancies
and anomalies, that the Committee themselves had been startled,
and had evidently ordered some of the experiments to be tried
over and over again, until at last, the whole affair resulted in a
perfect chaos. The Committee ceased to exist, and the Commis-
sioners went out of office, without having come to a single useful
conclusion. The diagrams of the experiments also exhibited most
extraordinary results; and upon some of the documents, there
were endorsements of this kind, “ Not credible—Morgan Cowie,”
“ Not credible—M. C.;” thus demonstrating the value attached
to them by that mathematician, who was himself one of the Com-
missioners. The succeeding body of Commissioners, not knowing
what their predecessors had been about, ordered that the papers
should be collected, and reduced into a form for being printed ;
but when this was done, they unanimously decided, that the expe-
riments were so indifferent, the results so anomalous, and the
conclusions so worthless, that they would not sign the report, nor
allow the book to be issued under their authority : and ultimately,
they ordered the whole to be suppressed. In the meantime,
however, some few copies did get into circulation, and Mr.
Hawksley was fortunate enough to secure one, from which he
made his observations to the Meeting.

In one part of the book, the very experiments to which atten-
tion had been directed, were the subject of remark, and that too,
in a very singular way. There was Appendix B, in which it was
said,—¢ In Table No. 5, the experimental results are given, with
the calculated results of Mr. Hawksley.”

He was naturally desirous to see this Table No. 5, but on turn-
ing over the succeeding pages, in which he found Tables No. 1,
No. 2, No. 8, and No 4 duly recorded, he was astonished to find
that, by some singular accident, No. 5 appeared to be wanting,
and was the only Table that was omitted. This seemed to be
very surprising, so he determined to search the records again, and
then discovered the Paper, being the identical Table No. 5, from
which he had quoted some examples. It was not necessary to
comment upon this proceeding, nor indeed, should he have noticed
it, but that at a subsequent period, the Engineers, as a body, were
very generally attacked by another Public Board, on the ground,
that they knew nothing whatever of Iydraulics; the premises
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from which that conclusion was arrived at, being the very singular
proceedings just exposed, collected by the ‘Trial Works Com-
mittee’ of the Commissioners of Sewers. These data had thus
been re-published, after they were known to be perfectly incorrect ;
nay worse, they had been twice re-published by Government
authority, and they had been presented to Parliament in that
official form, and had been circulated gratuitously by the Govern-
ment, to the extent of eleven thousand copies; and upon that
information, nearly every magistrate, every chairman of a local
board, and almost every clergyman taking a part in public affairs,
~—every man, in fact, upon whom it was thought an impression,
favourable to the conclusions of that authority, could be made, bad
been supplied with copies of these worthless books. The result
was, that wherever any Engineer was consulted upon public works
connected with Hydraulics, such as the supply of water to towns,
or on a question of drainage, he was met by some one, antagonis-
tically armed with one or other of these blue-books, who said,
“ You are not an Engineer connected with the Government, and
therefore, of course, practise according to the erroneous data which
were in vogue, before the discoveries of the Gemeral Board of
Health.” Then some one, who either really had the interest of
the rate-payers at heart, but acted in equal ignorance and good
faith, or who had his own little job to perpetrate, or who, while his
real mission was to prevent any but his own scheme from being
carried out, ostensibly professed to have the interests of the rate-
payers at heart, said, “ The plan which is submitted, is not a plan
which can be adopted,—it is a plan which will occasion enormously
unnecessary expense, for it is stated in the blue-book, that you
can pass three times as much water through a pot-pipe, as through
a brick sewer; and therefore, if you employ a Board-of-Health
Engineer, you will not want more than one-third of the area,
which this gentleman requires.” The consequence of all this, was
great confusion and contention, resulting generally in great ex-
penditure, under the guise of economy, and ending in lamentable
failure ; because forsooth, it was stated, that these data, coming
from the Government, must be considered as authentic,. Now
all this evidently proceeded from the present mischievous tendency
of unscientific amateurs, who, being appointed to Government
offices, took upon themselves to meddle with purely professional
matters, and employed persons still more ignorant than them-
selves, to perform experiments and design works, which required
and had occupied the attention of men of the highest scientific
and practical attainments.

Now, turning to Mr. Leslie’s Paper, there appeared to be a great
number of experiments and calculations, of great value in relation to
the subject to which Mr. Hawksley had adverted, and the more so,
because there had been deduced, what were considered to be certain
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discrepancies between established formule, and the results of the
experiments now brought forward. These experiments were made
with care and due attention to one important point; for Mr.
Leslie was aware, that in determining the velocity of water through
pipes, it was necessary to ascertain, not the apparent declivity of
the pipe, but the actual declivity,—the actual difference of level
between the surface of the water at one end of the pipe and the
other. The Paper was written in a most honest spirit, and had
reference, to what the Author had conceived to be, certain dis-
crepancies between existing formule and the results of the new
experiments, quoting what was therein stated to be Du Buat’s
formula. This latter was, however, erronevus, as would be seen
by comparing the formula given in the Paper, with that given by
Du Buat’s original commentators.! :

Now the singular fact elicited by this was, that when Du Buat’s
own formula was really employed, the results coincided in a
remarkable manner, with those produced by Mr. Leslie as correc-
tions ; for instance, with a pipe of 21 inches diameter, 1,086 feet
long, the discharge was, according to Leslie, 0° 44, and according
to Du Buat’s formula, it would have been 048 ; thus showing
extraordinary coincidence, even under extreme circumstances.
Taking other examples,—

Result Result
Head. by Leslie’s | by Du Buat's
Experiments.] Formula.
. Ft. in
i 2 9 222 21
The dlscharge’ 4 9} 3:00 2:85
under . . 7 06 3-53 3+50
( 9 113 4-28 4+30
Total . e . s 13-03 12+75

! Du Buat’s formula for the velocity, expressed iu English inches:—

v 307 (Jd - 0°1) _
Js—LJstie  U3Wd-o,
in which, V represents the mean velocity,
d -, the hydraulic mean depth,

s » the denominator of the slope of the pipe,
L v the hyperbolic logarithm of the number to which it is
prefixed.

Dr. Young's formula for the veloc;ty, expressed in English inches:—
s c* c
V= (— —+ =)
e @

in which, V represents the mean velocity,
d

s the diameter of the pipe,
s » the sine of the inclination,
900 d* 1 1321  1:0563

= *0000001 { V———— —_— 0 —_ -

¢ d*+1136+J§<185+‘d e ))’
’ 75
a = +0000001 (413 + = - —lﬂ— - -~1—8—O- ).
d  d+128 d+ 355

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/14/1855/288/2698105/imotp_1855_23909.pdf by guest on 20 August 2026



FLOW OF WATER THROUGH PIPES, 297

Many other examples might be given ; but these would suffice,
to show the perfect coincidence of the formula with experiments,
to which there could not have been any attempt to adjust them ;
they demonstrated also, that the experiments, as well as the
deductions of the ¢ Trial Works Committee,” and the conclusions
of the General Board of Health, must have been totally wrong,
and as such, that they ought to be expunged from any book used
by Government authority, and not be any longer enforced as the
groundwork of conclusions, upon which Engineers should base any
practical operations. It was not necessary to dwell further on
the subject of these errors, except to draw attention to their in-
fluence upon practical operations, up to the present time; more
especially, in the drainage of the Metropolis. Each body of
Commissioners of Sewers appeared to come into office with fore-
gone conclusions, or to arrive, whilst there, at conclusions different
to their predecessors, since all these Commissions had meddled
with matters, with which they had no business to have interfered ;
namely, the data on which their practical men should have pro-
ceeded to execute works. Thus, from 1847 to 1855, nothing
useful had been done, but vast sums of money had been expended
on trivial experiments, and a great deal of paper had been spoiled,
by having printed uponit, the worse than useless discussions of the
Commissioners. In reference to this latter point, Mr. Hawksley
would only direct attention to a pamphlet, now being circulated
rather extensively. It was entitled, “ Memorandum on the
Data employed by Mr. Bazalgette, in determining the Sizes, and
estimating the Cost of the Works, designed for the Main Drainage
of the Metropolis.” Now the character of this pamphlet, wherein
Mr. F. O. Ward, a medical man, and one of the Commissioners,
was found taking up the subject of scientific data, was stamped by
one single paragraph. ’ ’

The pamphlet said— :

¢« Mr. Bazalgette has, I think, fallen into unintentional error,
in his mode of applying the formula he employs, to calculate the
sizes of the great intercepting sewers,

“ He (Mr. Bazalgette) says (‘ Data,’ p. 4), that the various
formul propounded, lead practically to the same results. So far
is this from the truth, that De Prony’s formula, based on the re-
sults of Du Buat’s experiments, leads to conclusions totally different
from those obtained by Eytelwein’s formula, with the modified co-
efficients which he deduced from the experiments of Briinings,
Woltmann, and Funk, on larger streams of a wider range of velo-
cities. De Prony’s formula applied to this latter class of cases,
gives results which, as Claudel states, (* Formules,” p. 110),!

! The passage alluded to is, ‘° La formule de Prony, modifiee par les nouvelles
valeurs de « et b d’Eytelwein, convient mieux aux cas des grandes rividres ; mais
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deviate in some instances from the truth, by no less than 29 per
cent. The approximate formula adopted by Mr. Bazalgette, and
applied in the manner he describes, to determine the discharging
power .of each tunnel, ¢ at all those points where a change in its
dimensions has been made,’ leads necessarily, I think, to fallacious
conclusions.”

Feeling curious upon this matter, Mr. Hawksley referred to the
latest edition of Claudel’s book, which was a collection of formule,
or a handbook of engineering data, compiled by a clever man,
bat, as was too commonly the case, a mere book-maker, who had
never made any original experiments. After ineffectually seeking
for the passage, quoted with such confidence by Mr. Ward, it
turned out, that the passage was expunged from every edition
after that of 1849 ; in consequence, apparently, of its incorrectness
having been demonstrated. Now, when amateurs undertook to
correct professional men, they should at least be well assured of
the truth of the theories they promulgate. All reflecting men
would, no doubt, concur with him in thinking, it was a sad con-
clusion to arrive at, that such a large, important, and imperatively
demanded work, as that of the drainage of the Metropolis, should
be impeded and delayed, whilst Commissions were, for years
together, debating, whether one formula or another was the right
one to apply, or whether there was a little per centage of differ-
ence, between any two sets of experiments. It was evident, that
this sort of obstruction might go on for an indefinite period,
and the results might be, that within an ordinary life-time, the
public would not have the benefit of the existing advanced state of
scientific knowledge.

Reverting again to Mr. Leslie’s experiments, they appeared to
be of great value in fixing that which had been doubted, viz.,
the increased discharge which occurred in practice, from orifices
elongated by the application of a short tube. The formula in use
amongst practical men, gave a co-efficient of 66, and Mr. Leslie’s
experiments showed the eo-efficient to be 6- 7.

Going to another branch of the subject,—the discharge of large
and long pipes,—the result of the experiments on the Crawley
pipe was, that the pipe delivered less than the formula, but that
was to be accounted for, by its being old and very much encrusted :
while with respect to the Colinton pipe of 16 inches diameter,
Du Buat’s formula gave a discharge of 604 cubic feet, and by Mr.
Leslie’s experiment, the discharge was found to be 600 cubic fect.

With the view of testing the accuracy of the co-efficients em-
ployed by €ivil Engineers, for the discharge from sluices, Mr.

elle ne sapplique pas egalement bien aux quatre-vingt-onze expériences discutces
par Eytelwein ; ainsi, pour vingt d’entre elles, les vitesses donnécs par laformule,
s'écartent de 0°11 & 0+29 des-vitesses observees.”—Formules, etc., par J. Claudel,
p. 110, Paris, 1849.
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Leslie had made some experiments on a very large scale, on the
shuttles of the Docks at Leith, and in the Monckland Canal.
The formula generally used, had a co-efficient, for the discharge
in feet, of 5-0, but theoretically, it was given as 5°3, as the true
formula, with little friction; out of seven experiments, the first
four gave 5-3, and the other three gave 5°25. Then some
further experiments were made on the discharge of water, as in
the open channel of a river; and for that purpose, Mr. Leslie em-
ployed a uniform channel, 2 feet in width, with rectangular sides,
and a bottom of smooth stones, having a regular fall of 1 in 1000,
made for conducting water to Dundee, with these results :—

th of Calculated Actual i
D%’%’)ater Discharge Actual Average byvhg%g:gyat
in Channel. | bY accepted | Discharge. | Ascertained Surface.
Formula, Velocity.

Inches., Cub, feet. Cub. feet. Lineal feet, | Lineal feet.

[ 1096 110-09 110°09 1285
7 134 134-83 116- 129°7
8 160° 162+16 1216 1331
9 186 . 184+61 123- 1367
10 213* 214-28 12846 138°1
11 240+3 240- 131 140+

12 268 2666 133-3 1467

Totals . 1310°9 131257

There was some little variation each way, not because the for-
mula was wrong, for being right in two or three instances, it
would be right in all the others, but it was natural to suppose, that
the observations of the experiments would err a little ; therefore,
he must assert, that Mr. Leslie’s Paper proved the most complete
establishment of the existing data.

Although much still remained to be said on the subject, it would
scarcely be necessary to do so at that time, especially as he pur-
posed going more deliberately, on another occasion, into the
description of how the formule were arrived at, by which these
calculations were made ; he was confident, that whatever might be
the errors of the Author, alluded to by Mr. Bidder, they would be
found to arise from some misconception on the part of Mr. Leslic,
relative to the formula stated to be that of Du Buat, and that the
errors were capable of satisfactory correction, before the Paper
would be published. The Institution might, at all events, be
satisfied in having in its possession, at the present moment, every
kind of scientific data necessary for carrying out any hydraulie
works that might be required.

Mr. BEARDMORE, on bebalf of the Author of the Paper, said, it
must be remarked, with respect to the alleged discrepancies in the
second series of experiments, that instead of impugning the re-
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sults, they rather proved the honesty of the record, and demon-
strated their useful character, whilst they pointed out the difficulties
to be encountered in making accurate hydraulic experiments, and
where failures might be anticipated, in their application to engi-
neering practice.

In reference to the formula commonly used for the discharge of
pipes, he contended, that the rules adopted by Prony, Eytelwein,
Poncelet, and others, were all substantially the same, varying only
m the constant for friction; 455 being the lowest, and 50-, the
highest constant, for feet per second, now more commonly used,
and referred to as Du Buat’s, in the Author’s Paper; but he
must further contend, that the formula of Du Buat provided for
the varying diameter of pipes, and also for the reduction of dis-
charge by the loss of head, required for overcoming friction, at
flat rates of inclination, in a manner similar to, but much more
complicated, than the plan proposed in the Paper.

The conclusions of Du Buat and of the Abbé Bossut, a previous
writer, were founded on experiments, detailed in a scientific Paper
by M. Couplet, the Engineer of the Versailles Water-works, in the
year 1732 ; and those experiments were confirmed in a remarkable
manner, by the large practical conclusions given in Mr. Leslie’s
Paper.

He maintained also, that the conclusions of all mathematical
writers of the present century, were based on the formula of Du
Buat ; but that Prony, Eytelwein, Poncelet, Robison, and the elder
Leslie, as well as the Engineers of the present day, had all agreed,
in practice, in omitting the more complicated part of Du Buat’s for-
mula. In verification of this, he gave a Table (page 301), showing
comparisons of the French experiments, from 1732 down to those
recently made by the Author, and exhibiting the most striking
coincidences of theory with practice ; the variations, for practical
purposes, in the different rules being small, and the correction pro-
posed by the Author, affording an excellent application of the
principles adopted by Du Buat, for providing the most ample
allowance in extreme cases, such as all Engineers must meet with
in hydraulic operations.

Dr. Young’s original formula, as given in the “ Encyclopaedia
Britannica,” 1802, was a simplified form of Du Buat’s; but, in a
further communication to the Royal Society, in 1808, in reference
to investigations on the Circulation of the Blood, he applied cer-
tain difficult corrections to this formula, with the object of adapting
it to small pipes. Calculations by the formula, so corrected, were
most tedious, and gave results which differed only by minute
quantities, from those obtained by the simple form of expression,
used by the Author of the Paper, in common with other Engi-
neers.

Downloaded from ftp.nowpublishers.com/jmipi/article-pdf/14/1855/288/2698105/imotp_1855_23909.pdf by guest on 20 August 2026



FLOW OF WATER THROUGH PIPES. 301

To show this clearly, a few of the Author’s experiments had
been calculated, by this and several other formule, and the results
were given in the subjoined Table, in which the formula, desig-
nated as ¢ Young’s, 1802," was actually, that now commonly known
as Eytelwein’s :—

Dia- Rate Discharge.
meter of] Length.] Fall, of Fall,
Pipe, 1ip Actual | Du Buat, | Young, Young, | Leslie, as
Discharge. 1783. 1802, 1808. proposed.

Cubic feet | Cubic feet | Cubic feet | Cubic feet { Cubic fest

In. Ft. Ft. in. per minute. per minute. 'per minute. per minute, per minute.
23 270 ] 0 3% 1,037 1:017 1220 1423 1-581 1165
2% 270 + 2 53 109 4:615 4420 4+382 4-731 4355
24 100 | 2 5} 41°1 7°058 7920 6-933 7°046 7165
2% 100 { 0 114 | 107 4-138 4-476 4297 4°236 4-287

Mr Purpeps said, that in offering a few remarks upon the Paper
before the Institution, he would first allude to the experiments on
the flow of water through pipes, on the large practical scale of
those derived from the trials on the pipes of the Edinburgh Water-
works. To these he attached great importance, not so much on
account of the higher interest which direct experiments possessed,
when made to illustrate any given facts, but because it was to
such larger applications of principles to practice, as in the cases
above referred to, that the practical Engineer would rather look
for his guidance.

From a careful examination of the experiments, especially the
larger cases of supply from the pipes of the Edinburgh Water
Company, he wasled to concur in the majin principle contended for
in the Paper, that for velocities of effflux which differed to a great
degree, no rule could be correct, which did not recognize some
varying power of the velocity, for showing the amount of friction
due to those different velocities. Whether such. varying powers of
the velocities, had generally been used by the Engineers of this
country, it would be for the leading Hydraulic Engineers to say ;
but he presumed, that in general practice, such bad not been the
case, and this might be accounted for, to a certain extent, by the
fact of the velocity of flow in pipes being usually circumscribed
by such limits, as, generally, to prevent any great variation in
thé velocity. In all instances when the water was to be pumped,
this certainly was the case, as under such circumstances, the
velocity could not be allowed to vary much beyond 3 feet to 5 feet
per second, without a large sacrifice on the score of economy.

Although recognizing the mnecessity of introducing into the
formule for the flow of water, some modifying quantities, to meet
the case of great departure from a medium velocity, either greater
or smaller, it must not be supposed, that this idea had now been
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broached for the first time. The question was freely discussed in the
works of D’Aubuisson and Weisbach ;—the first of these Authors
suggested, that the law of the increase of friction was, as the square
of the velocity, plus a certain addition of the velocity itself, (which
resembled somewhat, the mode proposed by Mr. Leslie) ;—whereas,
Weisbach proposed a law of increase, compounded of the square,
plus the square root of the cube of the velocity. The determina-
tion of which of these different systems would, on the whole, prove
to be the best, would require a long and patient research, and
could only be successfully prosecuted, by a good theoretical and
practical Hydraulician. It did, however, appear from an inspec-
tion of the figures, that the method proposed by Mr. Leslie,
approached nearer the truth, than the simple unmodified formula
generally used by Engineers.

Mr. Phipps could not, however, agree with Mr. Leslie, in fixing
a given gradient of about 1 in 100, as the point from which,
whether above, or below, it was necessary to begin to apply the
modifying power of the velocity; for surely this gradient must
vary with the different diameters of pipes which were used. On
the same gradient, two pipes, whose diameters were as 1 to 4,
would maintain velocities as 1 to 2, and as the velocity was the
source of the varying resistance of friction, would it not be more
natural, to apply the correctional quantities on each side of equal
velocities ?

While on the subject of the varying powers of the velocities,
representing the amount of resistance of friction, he conceived it
would be interesting to compare the friction in pipes, with that
known in vessels by the term, ¢skin resistance,” as it appeared to

e an analogous case.

He found, by comparing the experiments on the mains of the
Edinburgh Water Company, with the experiments of Colonel
Beaufoy on the resistance of bodies moved through water, that
there was a marked identity of the diminution of the law of
increase from that of the squares, as the higher speeds were
attained ;—and another fact, which seemed worth attention, was,
that the resistance, per square foot, of the side of a ship, was very
nearly only one—halF of the resistance on a superficial foot of the
inside of a pipe, at the same velocity. Whether this had any
reference to the mass of water around the ship, as compared to
the contents of a pipe, might perhaps be worth attention. The
calculations he had made upon the mains of the Edinburgh Water
Company, were confirmatory, in general, of the views propounded
by Mr. Leslie.

The Crawley pipe, which was 44,400 feet long, 15 inches in
diameter, with a head of 226 feet, at an inclination of 1 in 196,
yielded 255 cubic feet per minute.
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Now he found, that the actual velocity per second, was = 3+ 46 ft.
The velocity, calculated by the formula

2500 X dh _3.93 feet,.
I +50d
The actual resistance on a square foot . . =-0983lb.
Calculated by the law of the square, starting from
the next example as zero . . . = 0722,

It was clear in this case, that, as the real resistance per square
foot, was greater than was given by the law of the squares, the dis-
charge would not be effected with the above pressure, or equal head.

The Colinton pipe, of 16 inches diameter, and 29,580 feet
long, with a head of 420 feet, yielded 571 cubic feet per minute ;
at an inclination of 1 in 70-5.

The actual velocity per second . . . = 68 feet
The velocity, calculated by the preceding formula = 6-9 ,,

The actual resistance on a square foot = 289 1b
The calculated ditto, by the law of the squares = -289 ,,

This example was taken, as showing where the two modes of
computation agreed, the velocities being equal.

From Torduff Cistern to Castle Hill, the length of the pipe was
25,765 feet, under a head of 230 feet; the diameter was 16
inches, and the yield was 440 cubic feet per minute, at an inclina-
tion of 1 in 112,

The actual velocity per second = 5-28 feet
The velocity, calculated by formula = 543 ,,
The actual resistance per square foot = 0-1811b
The calculated ditto, by the law of the squares = 0-168 ,,

From Clubbie Dean to Torduff Cistern, the length of pipe, of
16 inches diameter, was 3,815 feet, under a head of 184 feet ; and
at an inclination of 1 in 20-7, the yield was 1,215 cubic feet per

minute.
The actual velocity per second =153 feet.
The velocity, calculated by formula =126 ,,
The actual resistance per square foot . = 0-981b.
The calculated ditto, by the law of the squares = 1-48 ,,

It was clear, that if 0-981b. would give a velocity of 15-3 feet
per second, 1-481b. would give more than 12-6 feet per second ;
and, therefore, that the law of the squares gave too low a result, at
this rapid inclination.
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Besvuroy’s EXPERIMENTS.

0+0031597 1b, per foot per second.
0:009025 1b. per nautical mile.

(X) Constant {

Nautical miles per}

hour . . . . 4 5 6 ! 8

1)
o

Feet per second . | 338 | 5°07 6-76 | 8746 | 10-15 | 1184 | 13'53

1b. ib. 1b. 1b. 1b. 1b. 1b.
Pound per square
foot per experi-}| 0:0432 | 00884 | 0'1444|0°2086 | 0279 | (-354 | 0'4316
ment . . .
If increased by thel| .. , . . , . b
squares . . ‘} 0:0361 | 008125 | 0-1444 | 0-2256 | 0-3248 | (*4422 | 0-5776

In the above, 4 nautical miles per hour = 676 feet per second,
were taken as the starting point, or zero, as being nearly the
same velocity as the experiment on the Colinton Pipe, viz., 68
feet per second.

Mr. Rawrimnson expressed his disbelief in the results of the
experiments of the older Hydraulic Engineers, *excepting they
were confined to pipes, filled by a single head and having a
parallel bore.”” His own professional experience induced the con-
viction of modified formulae being necessary, under certain cir-
cumstances, such, for instance, as the accession of lateral feed
pipes, by which results had been obtained, greatly at variance
with received opinions. These conditions,—several heads, or
inlets,—he repeated, required to be taken into consideration, in
providing for practical works, and introduced new elements affect-
g the cost of works. “ Pipes had capacity, as the squares of
their diameters, and delivered water, as the square root of the
head, if the feed would allow a full bore at the discharge.”

Mr. Pairps inquired of Mr. Hawksley, whether it was to be
understood, that his modification of the formula was applicable to
all cases? He asked, because it did not appear to him, to have
any provision for cases differing in velocity, and, therefore, it was
presumed to be taken for the mean velocity.

Mr. HAWKSLEY was not aware of ever having stated, and he
certainly never intended it to be understood, that the formula was
applicable to all cases. It was applicable, however, to all cases,
which fell within the ordinary practical application of Hydraulic
Science ; but it was not applicable for those extreme cases of
minute diameter and sluggish velocity, in which, what ought to be
really termed the friction of water, required to be taken into
account. What was usually denominated friction, by writers on
Hydraulic Science, was not friction at all, but was a resistance of
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impact, which varied as the square of the velocity, and that was
the great resistance experienced in the conduct of water, and was
that given in the formula. In addition to this, there was another
resistance ,which only varied as the simple velocity,—the resistance
of adhesion, or viscidity, as it had been called, but in reality, of
friction proper. This brought him to an important experiment
on the subject of resistance of water through pipes, or sewers,
and he would endeavour to explain familiarly, that which was
practically well known, viz., that the resistance was, within
certain narrow limits, independent of, the surface of the material
over which the water flowed. This arose, from the fact of the
first particles of water moistening the surface, and forming, as it
were, a tube of water, through which the main body of the fluid
rolled along, with only such an amount of friction, as was due to
the impact of the globular particles upon each other, and upon
those of the fluid adbering to the internal surface of the pipe.
If, therefore, the tube was of brick, or vitrified clay, or of any
other porous material, or even of glass, the water would always
adhere to its surface, and so, by providing, in all cases, an annulus
for the cylinder of water to move through, afford similar dis-
charges of water. It was always assumed, as a matter of course,
that water running through a pipe, encountered some resistance,
which was to be provided for; but not in different degrees for a
fire-clay pipe, a pot-pipe, an iron pipe, or, as in the case of the
trial works of the Metropolitan Commissioners, for a glass pipe;
as there was, in all cases, the annulus intervening, between the
external shell and the moving fluid. As to the total resistance,
it must be borne in mind, that all fluids were composed of par-
ticles, arranged with respect to each other as a series of globules,
which, when in motion, had to travel over similar globules, losing
somewhat of their initial velocity, by their impact upon the par-
ticles retained near the sides of the pipes, and also by rubbing
against them. Consequently, there was first, the resistance to
impact, which was as the square of the velocity, and secondly, the
friction of the particles rolling over each other, and with that
compound action Du Buat, and after him, in a more complete
form, Dr. Young bad dealt; the latter Author had indeed intro-
duced the real friction into the equation, under its proper term.
Dr. Young had dealt with the two conditions of resistance, the
one varying as the square of the velocity, and the other, as the
velocity itself; but as regarded all those diameters of pipes which
occurred in practice, inasmuch as the friction proper, only occurred
in a small degree at the immediate margin of the pipe, and was
only as the velocity itself, it became, in fact, almost inappreciable
in ordinary cases, and therefore, all Hydraulicians had agreed
to omit that quantity from the practical equation. The result
[1854-55. n.s.] X
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was, that on applying this equation, as modified for rivers, or
ordinary cases of pipes in use in water-works, the formula would
give so correct a result, that in practical applications no sensible
errors could be detected.

Mr. Pripps begged to inquire, to what velocity the formula was
particularly applicable? Mr. Leslie had not appeared to find it
agree, at extreme velocities. In the experiments on the large
pipes at Edinburgh, the formula did not appear to give the proper
quantities, and thus error had been induced. The statement of
the friction and impact, was not satisfactory to him, for when all
the globules were proceeding in one direction, the impact being
also in the same direction, and the whole mass in motion simul-
taneously, there could net be any reaction, or resistance, except
from the particles adhering to the periphery. The precise action
of the spherical globules required investigation.

Mr. Hawkstey said, a familiar instance was, the action of
drops of rain upon the window of a railway carriage in motion.
According to the law of gravity, these drops should descend, but
they did not do so, although the carriage was travelling at a high
velocity, and with a great amount of tremour, unless one drop fell
on another, and then they acquired an increased amount of
weight, and fell. The adhesion to the glass was produced by the
action of the law of aggregation ; the power of attraction, up to a
certain point, exceeding that of gravitatien. A drop of water
would adhere to the finger, and in the same manner, the particles
of water adhered to the interior of a pipe; therefore, they were
not all travelling together, but certain particles in contact with
the material of the pipe, were retained, and the inner particles
propelled over them, each particle, or filament of particles, moving
more rapidly as it was further removed from the resisting surface
of fluid, retained by the attractive force of the material, of which
the pipe was formed. The manifest effect of this intervention of
Nature, was to give to pipes, constructed of whatever material,
the same power of resisting fluid motion. It was, therefore, matter
of indifference, in an engineering point of view, whether the re-
sistance of the fluid moving along a pipe, was derived from an
earthenware, or a brick, or a metallic, or a vitrified surface : in
all practical cases, it would be the same. A knowledge of this
simple fact, would have saved the Commissioners of Sewers some
thousands of pounds, expended by them in useless experiments,
instituted for the purpose of obtaining impossible results,—would
have prevented the loss of years of valuable time, occupied in un-
profitable debate,—and would have spared the Government the
ridicule and contempt, with which the absurd theories and lament-
able failures of the General Board of Health, had overwhelmed
them.
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Mr. BAzZALGETTE had occasion, some years ago, to gauge the
quantity of water discharged by the rivers around London, and
had used as tests, floats for the surface, the flow over weirs and
gluices, and also the current meter, and had repeated the same
experiments in sewers; and in all cases, when compared with the
calculated result by the formula, he had been surprised at the
coincidence. The profession was much indebted to Mr. Hawksley,
for his formula, for determining the sizes of sewers for town
drainage, the accuracy of which had been thoroughly tested, and
proved to be worthy of the confidence accorded to it. Mr. Wick-
steed, in his Report on the Drainage of Croydon, had not only
made some remarks entirely confirmatory of the utility and
accuracy of the formula, used by Engineers, for determining the
velocities of flow through sewers and pipes, but had anticipated
many of the opinions elicited during the present discussion.

The passage alluded to, was the following :—¢ Previous to
1835, I had relied upon the well-known accuracy of the late
Mr. Smeaton, and had used his rules and data, for calculating
the velocity and discharge of water throngh pipes. In the summer
of that year, having a very good opportunity of testing these rules
and data, I found them remarkably accurate. The experiments
{ was enabled to try, were upon two miles of 9-inch pipe, a por-
tion of which had been laid for several years, and the remainder
had been laid recently. There were several bends on the line of
main, which communicated between the Kast London Water-
works Reservoir, at the top of Staraford Hill, and their works at
Lea Bridge, the difference of elevation between the two, being
from 90 to 100 feet. The results obtained were extremely
satisfactory, exhibiting a discharge somewhat greater than the
data given by Mr. Smeaton, whose experiments were tried upon
smaller-sized pipes.

“ Subsequently, I had an opportunity of trying numerous
experiments, upon the discharge of the mains of the Kent Water-
works Company, between Deptford and Woolwich. The length
of main was sevem, or eight miles; the diameter of the main
commenced with 18 inches and reduced to 6; and the difference
in elevation was about 220 feet. The result of numerous trials
showed the accuracy of Mr. Smeatow’s rules; but, owing, pro-
bably, to the various bends in the mains, the discharge was not
quite so great as in the experiment at Stamford Hill, where the
main was shorter in length, had fewer bends, and was of the
same diameter throughout. :

“ In constructing my tables, therefore, for general use, I have
added about 10 per cent. to those of Mr. Smeaton, considering,
practically, that it would be better to have a pipe, or sewer one-
tenth too large, than one-tenth too small. When, therefore, 1

x 2
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find other Engineers calculate upon a result, 10 per cent. greater
than my Tables, I do not think it impossible, that they may be
accurate, but, practically, I consider mine the safest rule.”

It had been argued, that the formula in question were not appli-
cable to a ramification of sewers, because the branches discharging
into a main sewer, increased the velocity in it, by their greater
fall, and therefore, the formula gave smaller results than were
absolutely correct. Now Mr. Bazalgette found in practice, that
whilst some branches, with perfect junctions and rapid velocities,
accelerated the flow in the main sewer, other branches, with
defective junctions, or a sluggish flow, retarded the velocity of the
main stream, and that it was, therefore, unsafe to calculate upon
any permanent increase of velocity, from such varying and con-
flicting conditions. The only increase of velocity, which could,
under such circumstances, be fairly estimated, was that due to an
increase of hyraulic depth.

Mr. BEARDMORE said, he had frequently made experiments, on
a large scale, with the view of testing the general consistency of
the formula used by Engineers, both for the discharge through
pipes and for the flow in rivers and artificial channels, by observa-
tions of velocities and the corresponding surface slopes, and vice
versd ; and also for the discharge by large sluices and weirs. The
first case he had before remarked upon, and he would now only
observe, that in testing experimental discharges by formula, the
most perfect accuracy was necessary in the experimenter, as
small practical defects of construction, or errors in observations of
the levels, or of the duration of the experiments, were liable to
cause serious discrepancies. He had noticed recently, the case of
a pipe, 42 inches in diameter, and about 2 miles in length, for
conveying water by gravitation ; the fall in the whole length, being
about 10 feet. Perpendicular air-pipes, of about 1 foot 6 inches
diameter, were placed at short intervals along the main, so that
the water-surface was freely self-adjusted ; and on examining the
surface, he was surprised to find, that it was in a constant state of
oscillation, amounting, at times, to as much as 4 inches. The
Engineer of the East London Water-works, would probably be able
to give the results of his experiments on these pipes, as the case
was peculiarly adapted to test the formule in use, and to discover
their defects, if any existed, at low velocities.

The second case, of open river channels, was the converse of
the former, because there, Nature adjusted the entire surface of the
water, which travelled at velocities generated by the surface slope,
and modified by the friction of the channel. Under favourable
circumstances, the experiments he had made, for testing the surface
slope and corresponding sectional velocities, agreed strikingly with
the established formule, referred to in the Paper, and adopted by
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himself in his professional employment. There were circumstances’
however, which frequently puzzled, and obscured experiments, in a
manner that would surprise an inexperienced observer; such as
undulations caused by wind, the discharge of locks of water at
either end of the reach, which was being experimented upon, (in
the case of a canalized river,) &c. In fact, in ordinary rivers, the
section, the surface slope, and the velocity, (any two of which
would, by calculation, give the third,) were perpetually varying.
As a matter of practice, however, gauging was by far the most
certain system for obtaining the actual velocities.

The third case, sluices and weirs, was less difficult of observa-
tion and calculation; and here, the discrepancies from formulse
were, consequently, less than in the two former cases, errors of
observation being less marked. But generally, experience showed,
that, even in this case, the surface levels were extremely suscep-
tible, and frequently produced results not expected from the
formula; caused, in the case of weirs, by the extreme difficulty of
recording the actual state of the surface curve of the water,
between its state of rest, and the point where it passed over the
outer edge of the waste-board.

Mr. HAWKSLEY, in answer to questions, stated, that his attempts
to arrive at some definite information, as to the results of the
experiments instituted by the ¢Trial Works Committee,” upon
the flow of water through tubes of various materials, had been
entirely frustrated by the absence of the Report and of the reduc-
tions made by Mr. Stoneham; neither of which could be found
among the Archives of the present Metropolitan Commissioners of
Sewers. This was unfortunate, as it would have been interesting
to have compared the results of these comparatively recent trials,
however imperfectly made, with those of Du Buat, Dr. Young,
and other well-known experimenters, who had tried lead, iron,
and even glass pipes, and had arrived at the conclusion, that the
discharge was irrespective of the nature of the material of which
the pipes were composed.

Mr. Hawksley had also made many experiments, both with
pipes and sewers, and invariably with the uniform result, that
there was no practical difference in the discharge from conduits of
similar figure, of whatever material they were constructed.

He found, that small rivers generally discharged less than was
shown by the formulee: this could easily be accounted for. It
arose from the channel mnot being parallel,—the bed not being
uniform,—the presence of impediments on the sides and bottom,
causing curls in the water,—and from weeds and other natural
obstacles existing in all water-courses. It was well understood,
that these uncertain elements could not be introduced into calcula-
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- 310 FLOW OF WATER THROUGH PIPES.

tions, therefore, an allowance of 5 per cent. was generally made,
in applying the formula to small rivers.

The impediments enumerated did not affect large rivers, in the
same ratio; therefore, the formula given by Mr. Leslie, might be
received as adapted to them,

In applying any formula, the channel could only be presumed
to be uniform between given points; and for want of knowledge
how to make due allowances, many alleged inaccaracies had been
attributed to the formula, which were, in reality, due to the igno-
rance of those who used it.

Mr. HaywooD said, that in connexion with, er about the time
of, these remarkable experiments of the ¢'Frial Works Commit-
tee,” it was given in evidence by Mr. John Roe, that glazed
earthenware tubes gave an increased velocity of 15 per cent. over
that in brick sewers, at the same declivity ; now it was eurrently
stated, that out of the experiments made, all the inconvenient
results had been suppressed. He had a written statement from
Mr. Buckwell, (a manufacturer of a material called ¢Granitie
Breceta Stone,’) to the eflect, that he supplied pipes of that mate-
rial, for the experiments of the Committee, and that the results
obtained through his tubes, which were very smooth and straight,
were, that 25 per cent. more water passed in a given time and
under similar conditions, than through glazed stoneware pipes ;
and he did not think himself well used, in not having had the
results of these experiments published. Now at the period of
those experiments, stoneware pipes, and especially glazed stone-
ware pipes of Lambeth manufacture, were being much used, and
it might not have suited, to show that such a result was ob-
tained through unglazed pipes. It would have been desirable
to have had at the Meeting, Mr. Roe, or Mr. Lovick, and others
who conducted those experiments, as they might have been able
to afford some information upon these points. Mr. Haywood’s
own experiments and observations convineed him, that the nature of
the material used was unimportant, if the conduits were of adequate
area and constructed with practical skill.

Mr. J. R. McCLEAX said, the remark in ¢ Weisbach’s Mechanics,
that « Experiments with 21 and 4} inch wide common wooden
pipes, have given the Author the eo-cfficient of resistance, 1-75
times as great as for metallic pipes;’—must be received with
qualification ; inasmuch as the position was not supported by
details of the experiments, the results of which had probably been
influenced by peculiar circumstances, and they were at variance
with all others, ineluding those upon water flowing through wooden
troughs.

He divected attention te a Table, published by Mr. J. Thomson
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TasLy.
FRICTION OF WATER IN PIPES,
Table, caleulated from a Formula of Jurius WerssacH, to show, for Pipes 100 Frer in Lexary, the relation between-—
1st. The Velocity of the Water, in feet per second.—2nd, The Internal Dismeter of the Pipe.—3rd. The Head to overcome the Friction, in feet.—4th. The number of Cubic Feet of Water delivered per minute ;
s0 that, when any two of these four quantities are given, the remaining two can be found.
“This Table also gives, by the first and second columns, the relation between the velocity aud the head required to produce the veloeity, calculated by the laws of falling bodies, independently of friction, contraction by the vein, or other retarding cnuses,
The Formulu of WEmsracH, used for this Table, is given in his INOENIEUR-UND-MASCHINEN-MECHANIK, vol. i, p. 484, aud when reduced to English measure, is as follows :
001726) L Ve
JV 3D %’
where H = liead to overcome the friction, in English feet; L = length of pipe, in English feet; D = internal diameter of pipe, in English feet; and V = velocity of water, in English feet per second,
By Jawmes Tuomsox, AM., C.E,, and Georer FuLrer, C.E,, Belfast,
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FLOW OF WATER THROUGH PIPES, 311

and Mr. G. Fuller, calculated from the formula of Weisbach, to
show, for pipes 100 feet in length, the relation between,—the
velocity of the water, in feet per second,—the internal diameter of
the pipe,—the head to overcome the friction, in feet,—and the
number of cubic feet of water delivered per minute ; so that when
any two of the four quantities were given, the remaining two
could be found. This Table he had found correct and practically
useful. ( Vide Table.)

Mr. Biober, V.P., said, the great advantage of scientific
education, was to impress upon the mind what had been taught,
or done antecedently, and thus to avoid present error, and useless
experiment ; unfortunately, however, for the country generally, and
unluckily for the success of the various sanitary measures that
were, from time to time, proposed, Boards of Health and Com-
missions of Sewers had been, for the most part, composed of men
who were entirely ignorant of even the elements of the science of
Hydraulies, by which they professed to conduct great practical
works ; and hence, large sums of money had been squandered, in
trial works, which, even if properly conducted, would only have
verified - the correctness of experiments, tried nearly a century
since. But like all men, whether in politics, or science, who
commenced with great professions of liberality, they became
intolerant in Science, and tried as it were to warp Nature, and
make new laws of gravitation, in order to make effects accord with
their own preconceived theories ; in consequence of which, they
found themselves in the position of having circulated, at the public
expense, a mass of supposed results, all equally fallacious and
untrue.

With regard to the flow of water through different sizes and
qualities of tubes, he believed, that error had arisen in the minds
of those who designed and of those who conducted the experiments,
simply from ignorance of what had been done, or misconception of
the results. Now the explanation of the resistance of the interior
periphery of pipes, of whatever material they were composed, was
consistent with the results of actual experiment ; and any further
expenditure, on trials for demonstrating the supposed advantages
of smoothness of internal surface, must be entire waste. It was
well known, that the state of the external surface had much in-
fluence on the resistance of floating bodies, moving through water,
and no doubt this fact had, from analogy, led to the delusion, that
the smoothness, or otherwise, of the internal surface of pipes, would
exercise an influence on the velocity of the flow of water. It being,
then, an admitted faet, that, within certain limits, the surface was
immaterial to the flow of water in pipes, it was desirable to seek a
satisfactory explanation. Probably it might arise, from the circum-
stance of there being a comparatively fixed film of water, held by
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312 FLOW OF WATER THROUGH PIPES,

the force of cohesion, against the internal surface, through and
between which, the main body of water moved; whereas with a
vessel, or other floating body, the surface passed continually into a
fresh mass of fluid, bringing the asperities of the moving surface
successively into contact with new particles, and thus materially
influencing the resistance.

There must always be some abrasion, or friction in the pipes,
and he confessed, there were circumstances connected with the flow
of water through pipes, which he did not yet understand. Mr.
Hawksley had partially explained the separation and cohesion of
particles ; but there were still difficulties unexplained.

A case analogous to the question, was the increase of resistance
to a boat in a canal, as compared with the same boat at sea, or in
a deep river. A boat, that, in the Thames, would go seven miles
an hounr, would not travel, with the same power, more than four
miles an hour, in a canal, whose sectional area was not more than
four times that of the boat. That indicated a resistance of 4, or
5to 1, and it was only after consideration, that the partial expla-
nation occurred to him. When a boat acquired a velocity of three
miles an hour, the water would rush into the wake to fill up the
vacuity, with an impetus equal to one mile per hour, therefore, that
speed would be imparted to the entire mass of water, immediately
surrounding the boat; and, practically, the boat would have a
resistance due to a speed of four miles per hour, the whole resist-
ance of which must be added to giving motion to the entire body
of water in the canal. A canal boat was sharp at the bow and
tolerably well shaped, and therefore, not a bad object to try ex-
periments with ; and he apprehended that, practically, it would be
found necessary to give to the water displaced by the boat, a
much greater velocity than to the boat itself'; and that the resist-
ance was two, or three times in a canal, what it would be in open
water.

With regard to the Public Boards, he could not help expressing
his astonishment, at the manner in which their proceedings were
generally conducted, and his deep concern at the difficulties,
which were thrown in the way of the rising generation of Engi-
neers, by the governing classes of the country. For many years
past, the ¢ functionary weed " had flourished to a most mischievous
extent ; and Engineers found themselves interfered with, restricted,
and controlled by officials, who received their appointment, not on
account of superior merit, or scientific acquirements, but from the
undue pressure of personal, or political influence. There was,
first, the Board of Trade with its Railway Inspectors, who, with
gentlemanly feelings and an innate perception, that the duties
demanded of them were useless and invidious, felt themselves
placed in a false position.
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FLOW OF WATER THROUGH PIPES, 313

Then there were the Harbour Commissioners of the Admiralty,
of whose decisions, there was generally entertained an opinion,
anything but flattering. In a case which came under his own
observation, it had been reported, that there was not any necessity
for undertaking the proposed work : nevertheless, the- project, on
reference to head-quarters, was strenuously supported by men of
influence, who succeeded in obtaining an order for ifs execution.

Lastly, there was the Board of Health, which, he would ad-
visedly say, was the worst of all: it had expended large sums
in valueless experiments, on a question already thoroughly under-
stood by scientific men, and by publishing the incorrect results at
the public expense, had created general confusion throughout the
country.

The facts which bad been stated, with respect to the experi-
ments of the ¢ Trial Works Committee,’ of the former Commissioners
of Sewers, and the corrupt use that had been made even of those
worthless experiments, was a striking instance of the bad effects
produced on private enterprise, and on the development of sound
practice, by the rapid growth of functioneering influence. During
a long period of peace, the cumbrous machinery of Government
Departments had been presumed to have been rendered perfect,
and was assumed to be so, whilst no demand was made on their
active energies, or so long as no exigencies arose; but the late
melancholy and disastrous events in the East, had shown their
utter inability to fulfil their functions, under any unexpected
pressure, or to conduct any practical measure in a business-like
manner.

Over the doors of the Government Offices, might truthfully be
written, “He that entereth here, leaveth outside all mental ac-
tivity, all generous impulse.” It could not be denied, that the
great public works of the country, had met with much obstruction,
from each and all of the bodies to which he had alluded, and that
many great enterprises of public utility, had been either kept in
abeyance, or entirely defeated, by simster influence, over which
the country had no control. He hoped, that the remarks he had
thought it his duty to make, would incite every one to assist in
-abating so enormous an evil, and in clearing away the difficulties,
which now beset the path of those who laboured in the arduous
field of scientific progress:-—a result, not less important to the
country at large, than to the rising generation of Civil Engineers.

Mr. RawriNsoN deprecated the attacks which had been so
markedly directed against the General Board of Health. He had
held the office of Kngineering Inspector under that body. and,
so far as he was personally concerned, he had the satisfaction of
feeling, that he had ever striven conscientiously to perform his
duty. For the experiments in question, he was not responsible ;
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but he complained, that the question had been discussed upon
“the unfair assumption, that these whe carried them on, were in-
terested In arriving at erroneous resulls. Glass pipes were, of
course, only used for experiments: but, with reference to the use
of glazed pipes for the passage of semi-solid substances, it must
be remembered, that other Engineers, besides those appointed by
that Board, had extensively employed them for sewers ; and there
were instances of small sewers of twe thousand years old. Ile
must, therefore, protest against so sweeping a denunciation of the
acts of the General Board of Health. .

Mr. BippER, V.P., said, in explanation, that the remarks he
had made, were not intended to be personal, but were directed
against a system, proved to be pernicious, and from which the
most serious results must be anticipated. He must add, in
reference to what had just been stated, that the Engineers who
had used pot-pipes for main sewers, had only done so, under the
compulsory pressure of the Board of Health, as by ne other
means, could they have procured permission to execute the drain-
age works, which they had undertaken.

Mr. J. Scorr Russerr, had made many praetical experiments
upon the resistance of fluids, and had published the results for
the public benefit : he, therefore, could not understand, why the
results of experiments, prosecuted at an expense of some £7,000
of the public money, and carried out by a gentleman, said to have
been nominated by no less an authority than Prefessor Airy,
should not have been made public in the blue-books ; more espe-
cially, as it was generally understood, that the Board of Health
had not hesitated to pay a considerable sum, for some Tables of
Observations of a similar nature, made by a private individual, and
to publish and circulate them extensively.

Mr. RAWLINSON repeated, that he had, personally, nothing
whatever to do with the experiments. He knew nothing further
concerning them, than had already been mentioned ir the dis-
cussion. 'The General Board of Health had, certainly, purchased
Mr. Roe’s Tables, and had at once published them ; but be must
maintain, that this was not done for the purpose of misleading,
but with the view, however erroneous that judgment might be
considered, by the Institution, of throwing all the light they could,
on the question at issue. :

Mr. HAWEKSLEY believed, he could explain the misapprehension
which appeared to exist. In 1848, upon the representation of
parties connected with sanitary inquiries, the various existing
Commissions of Sewers were abolished by the Lord Chancellor,
who appointed one single Commissioner to control the whole of
the Metropolis. In the same year, there was established a General
Board of Health, and the most active member of that bedy was,
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with some of his friends, placed upon the Commission of Sewers.
The expressed opinien of that gentleman had been, up to that
time, that the London sewers were too small: but he then arrived
at the diametrically opposite conclusion,—that they were positively
too large. He also imagined, that larger quantities of water, than
were consistent with the laws of gravitation, would pass through
pipes, if made of a particular material. It was at this period, that
the ¢ Trial Works Committee * was formed, for the purpose of insti-
tuting a large series of (so-called) experiments, in order, ostensibly,
to aseertain whether the previous data, relied on by Engineers, were
not altogether erroneous. Documentary evidence still remained
to show, that the experiments were undertaken, without the ne-
cessary knowledge of the seience of Hydraulics, or of the mode of
experimenting, or of correctly recording the results, the prime
qualification for experimenters, being the knowledge ¢ how to
observe and what te ebserve” The natural counsequence was,
the collection of a number of documents of the most heterogeneous
character ; many of them being endorsed by the examining Com-
missioners,—*¢ anemalous,” —* incredible,”—* require to be re-
tried,” &c., &c. Application was, however, made to Professor
Airy, to appoint some competent calculator, to reduce the results
into a tabular form, and to draw up a Report. The gentleman
accomplished his ungrateful task, and was very ill paid for the
performance ; but strange to say, no trace of either the tabulated
results, or the Report, existed amidst the mass of documents which
the Commission, on leaving office, transferred to their successors,
who, he was bound to admit, had most carefully arranged them
for reference. The papers were printed by order of the new
Board, but were then found so unworthy of credit, and so useless
for scientific purposes, that the Commissioners declined to sign
and issue such a document, and it was finally suppressed ; but not
until a few copies had reached private hands, one of which was in
his own possession. (Mr. Hawksley then quoted from the book,
some of the experiments, which he denounced as unscientific,
impossible, worthless, and absurd.) Here it might have been pre-
sumed, that the matter would have rested ; but the originater of
the experiments, by means of his other official position at the
Board of Health, which he continued to retain, after the Sewers’
Commission, of which he was a member, had been superseded,
again revived his theory, as a Government correction of mis-
chieveus engineering errors. Evidence was obtained, with the
object of showing, that all the formulee in use among professional
men were fallacious; a blue-book, intended to demonstrate this,
was published by the General Board of Health, and officially -
presented to Parliament,—eleven thousand copies were circulated
at the public expense, and practical Engineers were met at every
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turn by this fallacious document. The Engineer must necessarily
be wrong ; for he was diametrically at issue with a book, published
under the authority of Government. The profession, as a body,
had a right to remonstrate energetically, against such unjust and
unconstitutional interference with skilled enterprise, and the public
had still greater cause to complain of the disregard for their
interests, and the wasteful expenditure incurred, in the execution
of works, based on false and unscientific principles, which, within
a short period, it would be requisite to reconstruct.

Mr. SimpsoN,—President,—said, he had himself undertaken a
series of experiments on the flow of water through pipes, and had
arranged the results in the following Table :—

Per centage of

Diameter of | Length of Head of Actual Calculateq  |Difference above

Pipe. Pipe, Water. Discharge. Discharge. and&ig)h"; ég"“"‘l
Cubic feet per | Cubic feet per
Inches. Feet. Feet. minute, minute,
12 5,200 38 205 200 - 2l
%3‘3 g |12] 5,200 40 205 205 .
Eﬁg 12| 5,200 167 137 133 -3
55:‘3 12 5,200 19 137 141 +3
[ 12 5,200 4 68} 65 - 38
o (19 22,440 1 323 325 + 0}
E2E | 19 22,400 43} 331 338 + 2
“ggg J 19| 22,440 34 298 304 + 2
SZc[19] 22,440 27} 267 272 + 13
2 19 | 22,440 24 243 247 + 13
r12 | 8,140 27 1243 134 + 7
g'é‘ 12 8,140 243 119 127 + 63
5 g J 12 8,140 18 104 110 + 5%
EE l 12 8,140 12 89 89 .
12| 8,140 5} 67 61 -9
’i-g 12| 6,600 34} 168 167 - o
ég 12| 6,600 46 189 195 + 3
E2g
<82 ls0| 54,12 25 521 510 -2
ZEE
=RA
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The theorem by which the Table was calculated, was,—
V =508/ 2R

l+50a’
or making Q = cubic feet of water per minute,

where V = velocity in feet per second,

This formula, known as Eytelwein’s, was the same as that used
by Mr. Leslie in his Paper.

The results at which Mr. Simpson had arrived, would be found
to verify the formula, and to corroborate the experiments of Mr.
Leslie, which were extremely valuable, from having been made
on so large a scale, and extending over so considerable a period
of time.

There could not be the least doubt, that the experiments, made
by order of the Commission of Sewers, evinced gross ignorance ;
since, for example, they did not show the inclination of the surface
of the water, flowing through the pipes. The different circum-
stances of bends, &c., must also be taken into account; and
whenever apparently anomalous results were obtained, the greatest
care should be exercised, in tracing out the cause from which they
proceeded. The notion of the smooth surfaces of glazed pipes,
accelerating the flow of water, was an utter fallacy.

The observations, made by old and scientific experimenters,
might safely be relied on, and calculations, based upon their
formule, would give the most satisfactory results.

February 13, 1855,
and
February 20, 1855.
JAMES SIMPSON, President,
in the Chair.

The discussion upon the Paper No. 924— On the Flow of
Water through Pipes and Orifices,” by Mr. Leslie, having been
renewed, was extended to such a length, as to preclude the read-
ing of any other communication.

[February 27,
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