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Tiie work of Park and Petersoh €uring 1lu09-1Q.at. -

" b
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tne Missouri Scuocl of Mines revealed”ﬁﬁgn e éhﬁgw
more Jdata are needed concerning tie loss of pressure
due to elbows and other fittings of pipes under tlhree
inches in size. Accordiﬂgggwe decided to unucrtake
the continuation of tielr work as a tliesis.

Tue apparatus used was practically tie same as
used 1n thne previous thesis and was as follows:

One single stage air conmpressor of 77 cu.ft. per
min. free air capacity and pressure up to 10U pounds,
gage at 110 revolutions per minute.

One two stage compreuéfof 100 cu.ft.free air
capacity and pressure up to 15C pounus gage at 110
revolutions ver minute,.

One air receiver of about tihree cu.ft. capacity.

One drum especially constructed for measuring air
by orifice according to tue netlicd originated by Prof.
Dudley at keGill University and publisied in "Compressed

Air® Vol.II, 1906-07, pp.41ls8l. Tnis drum is supplied



with orifices cut in copper plates about 3/52 incn in

tulckness and ranging from 1/2 incih to 3-1/2 incues in

Lte e,

diameter. ek pi i 2ol

- *

ALl pipes anu Tittings used Were new -t .p

. »

being galvanizea anu tue fittings weére.cast iron. . Tel:

»

vipe sizeswere 1/, 5/4, 1, 1-1/%, and @ oiackds.
Thie fittings 7Tor eacli size of pipe:
Crdinary 90° ellows.
Long sweep 9p° "
450 v

Return 65@4& (open and closed pattern)

Globe valves

A number of 12 inch nipples.

The pressure gages used were corrected by
a gage tester,

Tiie differentiul gage Was tiie ovne constructed
expressly for tnis work by lHolmes and Wander of class
1910.

For a more detailed description see tne tnesis
by tuese gentlemen.

Tne indiecating fluids used were mercury for the
small pipe up to 1-1/2 inches andidor tie 1-1/2 and

2 inch, water. Tie plan of tie assemibled apparatus
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is snown in Fig.l. Tae explanation of tu létTéring

of wiica l1s suovun below.

e, *
- e ates s ® [
[ “ = e el
D

Y

a = compressor of l:rger caphaity, small colim-r "

. .
.. “,

nrected

.

pressor was uscd compuratively little Zmd wag: cd

in parallel wits the laprger).

b receiver ot S cu.ft. capacity.

C = pressure gage siowing inisial pressure in

alr pipes.

d = differentiul gage.
e = point at wnich fittings were connected in

the line,

f

[t

throttle valve for controlling pressure in
tne line.

g = screen in orifice drum.

I = baffle btoard in orifice drum.

i = position of tnermometer.

ngh cage for measuring pressure in drum,

J' =
k = position of orifice in drum.

Tie gages "c", "d", ana “Jj" are shown in & hori-
zontal position for tle purpose of better illusiration.
The photograph on page €4 Wwill also aid in giving a

clearer idea as to apparatus.
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By varying tie speed ol trne compressors: g fyge:::

air volume "Va' was controlled. While'%fié: cqupressor

was running &t 2 uniform speed tue yressure'ih‘tne~3ys='“
tem was controlled by tiie turottle valve #fn,
Tue orifice wus varied Lo xeep tuae pressure in
tiae dyuwm witaain tile limitsof 2 lancunes and 6 .incnes,
w.licn range was covered by Dudley in uls experiments,
Hachh size of pipe required, on tue average, seven
runs. Eigateen readings were taken on eacn run. Tuals
makes a total of avout 35 sets of readings.
Data for each run was taken as follows:
Reading on differential guge or "z ot tables.
Reading on "U" gage --~ "iv of tables.
Initial presuvure in pipe---"Py" of tables,
Temperature in drum --- "Tec® of tables
Diameter and length of onipe, also nunber and
kind of fitting.
Diasmeter of orifice ---"Do '" of tables,
T.ie pressure range In eaci run on pipes less
tnan 2 inciies in diameter was from O poundas to 150 pounds

gage, or avbout twelve atrospueres.
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FOILULAE USED IN COMPUTATICLNS.

Tiie friction foxmula, £ = c.l !ﬁ~ Mag  Laken - 07 -
T5 T, - :
from "Harris' Compressed Alr Computations®: . ijctation-us
follows: : R e

e e N e e e

[
1

loss of pressure in pounds per sg.im.

=
i

lengtit of pipe in Teet.

Va = volume of free air passing in cu.ft. per sec.

o
4

diameter of pipe in inches.
r = ratio of compressiocn in atunospueres,

experimental coefficient covering all constants.

I

c
The free air volume (Va) was deternined uy tie use

of the orifice drum of Dudley's experiments and in the

calculations of wiich two formulae were used wuici were

also taken from "Harris' Compressed Air Computations®.

Weignt of alr passing = Q = K €.1632 daJﬂé;:—;;-

The free air volumwe = Va = ™

Va = free air volume in cu.ft per second.
Wa = weight of 1 cu.ft. oi free air = .073. pound

approximately at Rolla.



Q = weight of ailvr passing tihe orifice in pounds

per secend.

d diameter ot orifice in incues.

1}

i difference in level of water columns in “UV
gage in incnes.

t = absolute temperature (Fanr.) of air in orifice
drum.

Pa = absolute pressure of atmospilere in pounds per
square inch = 14.2 pounds approxinately at Rolla.

k = experimental coefficient determlnéd by Dudley.

Tune "f" in tuiue friction fornula was conputed in tile

following manner from the readings on the differential

gage.

(63.273815'6 ) 2z, wiere "zV=difference in

£
height of thie mercury columns in inciies. VWilen water was
tite ind.cating fluid used, the above formula becomes,
62.5y ' o . . ,
f = (32822) z, wiere z' = difference in ueignt
1728
of tiie water columms 1in inches.

Tue "r® of tre friction formula was tne average in

tire pipe and was calculated as follows:

P -1/2 f + Pa
”“ Pa
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P = gage pressure al entrance.
Tiie meaning of the various symbols used in tue

tables is sliown bLelow.

_ _ huﬂﬂ&ﬂjhéh@ﬁﬂf
z = dJifferential gage, in mercury or water.
f = loss of pressure in pipe in pounds per square
inch.
P, = gage reading st entrance.
P, = ratio of compresion in terms of atmospheres.

M = average ratio ot compression in pipe.
i = "UY gage reading in incnes of water,
Tc = temperature in drum in degrees. Centigraue
(Converted during calculation to absolute dégrees Fanr. )
Do = diameter of orifice
Va2 : y
Im =f{self explanatory

S = velocity of air in pipe in feet per second.

f' = "f¥ subjected to a correction for pipe tem-

perature made thus:

f' corrected friction



-ty

f = original friction

ta¥ = absolute room terperature

tg = pipe terperaiure.

Dur).n\g tiie eignteerl‘readings O eaci run, readlngs
were taken on a itaermometer strapped to tue pipe nidway
on its length.

Tiiese readings averaged for six different pressures:

P, taﬁ(
O et e e —————— - 03d

BO mwmecmameme== L3686

T mecamcmme——= D42
4

100 mmmmm———- ——— 548
125 memmmmm—————— 654
150 mmmmme————— - B6

An effort was made at first to keep tue lengti of

" pipe constant but as tue only advantage of tiis wus tie
saving of a little algevra (witn tne expenditure of-
much musbular effort and the waste of pipe) tiis was soon

abandoned.



Y-

l Tey & .
In tue formula £ = C. BT witn RN g wgn
dg T,
constant, if "¢" is also constant, tien "f* and Va2 will
T

plet to & straight line. Tuis we finu to be the case
to a very reassuring degree, as is evidenceu in plates
1 to 6.

Thie object of tunese experiments was to find tiie
value "c% in tiie friction formula and coefficients for
loss in the various fittings.

In tables "AY,YBY and "CY will Le found under tue
heading "Loss of Pressure" a coefificient waich, nmulti-
nlied by Iﬁ%v will oive loss, by friction, in pounds per
sq. inch for one fitiing #s indicated.

In tavle "D" will be found tue coefficient "C¥" of
tiite formula

1 va®
f=c-3; "7
fhia et is found as follows:

When 1 = I tlie above formula becomes

1 Va2
i = dg T

Now from results worked out from plates and equa-

tions we have tie values for "f" for one foot of pipe.
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The effect of unreamed ends proved to be of impor-

tance so tids was included in our investigation. The

> "o ls
.-"

results of tuis are also shown in tables "A"" 5"":%

ver, The effect of reamed ends was founu tq be practi-

.... + v, -
--_

M snat

.

cally negligable. Tihis fact enabled usuno mdke ine éal-:ji}

r
“ee B o, 2
. IRV A

culation of results on the 1-1/2 inch plpévaicu GWikE
to one run beiug incorrect (due probally to some ob-
stacle in tie pipe) would otihierwise have had to be
omitted or re-run. |

It will be seen that tables "4A", ¥B*, and “C»
¢ive valuable conclusions as to the friction due to
various fittings in terms of feet of straigut pipe.

In calculuting 'Y&2" and "s", of the tables,

T
logritims were used as muci: &8 possivle. Tuls simpli-

fied tne work considerably aifter tne scheme was systema-
tized.

Tue nominal diaweters of tie pipes were found to
be sligiitly less than thne actual diameter; tine actual
diumeters of tne pipes were used in the calculations.

Table of nominal and actual diameters of pipes.

Size of pipe in inches.

( Nominal 1/2 - 3/4 - 1 - 1-1/2
Diameter (
- ( Actual .64 .82 1.07 1.63 2.08



Table l. Aclval arametes of prpe= 1.07". Leagli pipe = 80
Fittings ; 2-elbgws , i3 nipples(unreamed enas)
o |
b . d: ],g" ,:'
S (H 7) i i S £ : e (Oririce) Vm % feorreetol
! |sogho| £32 | 22 | 258 | 256 | 19 |y30 | £.50 | gyye | 95 | 183 |
2 | 7o | 349 | 24 |274 |262 | 42 |790 | v  go3| €5 |3.44
3 9.7 | 477 | 29 |2.79 |26z | §:8 | /3.0 : 560 | 76 |4.77]
4 13 | o649 | 52 | 969 | 467 | 14 |30 | o 072 | 17 | 062
5 | 25 |s22 | 50 | 950 | 4.54 | 3.4 | /30 | * | 24| 28 | 118
¢ | 57 [2%6 | 51 | 469 | 459 48 |ss0 | " | 26q| 39 [275
7 | 23 [ /43 | 78 | 633 | 630 | 3.9 |/35 | " | 434 )| 24 |05
|8 | /5 |o7% | 75 | 633 |63 (2o |/35 | » | wy9| /2 loed
2 | 93 |20 |95 | 633|626 | 53 |/90 | 290 32 | ).96
o | 0.3 1 4393 | se0 y.oo | §.08 | 43 |50 | o | o040 | /2 |¢.35
u_| 19 | 093 | s00 | 309 |307 |32 |50 | v [ 899 18 |o03e
12 | 33 | 16z | /o0 | §,09 | §.09 &5 | /50 v | 435 | 29 | 195
/13 | 07 | o34 | 125 (9386 | 9.84 | 43 /6.0 | ez $§ 0.3
| s | 18 |85 |/25 | 996 | 985 |35 |see | w | wss| 75 lo.7s
/5 | 23 | +13 | /124 |80 |976 | 65 |iz0 | " Jes| 21 |09}
/e | of | 039 |/50 |/leg |63 | 2.3 | /%o | v D28 3 0.31
‘7 % 0,69 |xro /6g |16t | 3.0 | /80 B wo3z| 9 |o5%
i 8 2.9 /93 i /50 | 11é9 |/LE/ 6.6 /R85 " | 440 | /% 430
TABLE 2. Actfval diameléer af,bi".ﬁg = 1.07" Lerglh pfpe: = 80!

Fitfings: 2-cibows, 13 nipples(reamed ends).

” I _’_ , I 1T v %
- dg a .
Ny (Hg) £ |l |lxn | 8| 2 T == | S | f
) | 21 |res | 2o | 242 2490 | 45 | ine | 150 | 457 | 43 | Jos
2 | 56 |2335 |20 |2492 | 232 40 |00 | ~ | -932| 72 @273
3 | s05 | sup | 2o |24%Z | 224 | 79 | /e i 081 | 702 | Fad
| 4 | 44 | o086 | 5o [455 | 453 25 | e | + | uzs| 27 043
J | 33 | 162 | S0 | 455 | 450 | 4.6 | /e " | 286! 40 /56
6 | 56 |235| %0 |455 | 446 | 725 | /me | | 924 | 51 265
| 7 1c09 |oqz!| 75 | 622 | 630 16 |s20 | " | .03l /8 .39
§ |25 |1220 |95 |632 629 |37 |/25| " | 45| RS /)42
@ |33 (4259|395 |63d2 | 627 |54 |25 | wats| 30 | 14t
/o | 09 |044 | se0 | 8.9 | Q0q | /7 | /90 | v | .o5t| 43 .39 |
/ 2.0 |/le3 Traa_k__ .09 | .06 | 4.2 | /%0 " I3f | R/ 0.9 3
12 | 38 |- 4% [ teo | 9.9 | ge3 | 2.8 | /50 | .243| 29 167
| 13 | 04 lodo | /t25 | 946 | 995 | 0.5 | /5o " 0 24 ¥ 0.09
| ve | /3 |ogq9  +25 |86 | 9.4 | 3.2 | /6.0 "o L o8l | /2 | 055
[ ir |27 |s33 | 125|996 992 | g2 [ses| » | ay| 22z |ses
(6 |03 |03y | /5% LA6g |ME3 | (.6 | 17 o | 033 | 9 | o3/
tg |45 o749 50 l1ngq (163 |40 | /e | v | egs| /7 |eéz
/¥ 2.3 LAl | 1% | ilgq | /160 | 6.5 | /9.0 I J38 | /8§ |o023




TABLE 3.

Filtrngas ! &-elbows, [-m ipple (vreamed' ends),

e v ai aiameler ai‘pr_.ﬂﬂ- = 107,

L-ang-“"h‘pe"pe = 80O

2’ i |l | [ do | % 5
”0. {M?) f r;.- m ‘ ?E v -I_"-.:' S I!iﬂrmuw
Z $./ | 799 | /8 |224 | 20| 16 | )fa) 2.0 lcecs| §9 |4.04
Z ' /z7 | ¥g0 | R2 | 259 | 2.25 | 3.8 /7.0 /29| /%6 | 5.80
3 94 | 463 | 24 367 | 5.5/ | 30 /$0| = |0674| 73 |49.70
| 4 (/36 | 670 | 41 | 383 3.69)| 93 | 9.0, ¢ |relq| 87 |6.64
51 2] | 283| 35 | 3496 341 | st | 205 | " 6252 | 40 |/SZ
6 | 23 | i3 | /8 | 224|220 05 | 205 | “* l0uz8| .37 |/12
7\ 19 | p9%| 70 | 594 | &9 | ki | m . v lesq5| 23 |0.89 |
_ ¥ 98 | 242 | 7o | 599 586 | 249 | w1 0.519 39 |z.02 |
9 £l | 399 | 68 | S.80 566 | 4.2 1 .:er,f . n o.539| 52 |3.30 |
10 9.8 | 3go ' /eo \ §.05 7,92 | 24 216 | " |0:203 | 27 1340 |
| 7 | 49 |24z | 92 | 795 | 787 | 34 |20  « 0.33% 349 |2.23
/2 64 | 335 | joz | 8.19 _f.o7 | 4.8 (Zlo | % 0469 | 40 | 3.08 |
W | LS | ot | 285 | 9.85 | 98l | A | 240 | W 0087 | /6 | P66
/2 | 46 ‘2.4_2?{ 122 35.5‘ | 257 l 30 [229 | " |0-244 | 27  F.02
45 | 51 | 252 420 | 950 9.42 | 4. (220 | n 03539 32 224
/6 | 23 | 06d | )63 |85 (/.83 | p) | 225 | o072 | 13 |0.55
/7 |2 5 {ﬁ’ | /50 (160 185 | 32 | 250 | " lo215| 22 |t23
/8 | 30 | )48 /50 |16o|nss|4e | 230]| v lo263]| 25 [12F
TABLE ¥ Aclval d:’arnﬂfe,rafp :'}3.-5 = f.t??l: Le.ng?'ﬁ Pf}be =80"
Ff'ff?'ﬂ_gs 1 10-e/oows, § nipples(vnreameq c.na’.s)
e e ™ s e x| [~
Ne | Z Az | % | @ [ |4 | M| 5 | f
(Hg‘] Yrey
| | 46  226| 22  2.56|24% 13 | /128 /50 ma? 99 | z2.25
2 | 7.8 385 | 29 2q0 256 334 /20 v 0321] 59 EXT
3 |43 | 305 | | %4 770 | 235 | 59 | /30| ~ o638 | /08 | g.06
4 52 | 257 50 | 45¢ 445 |43 | /20| * |o236| 38 | 245
5 (20 0%9 S0 | 459 450 /S | /20 « |00y9 | ZZ2 | 0.94
6 soo | 4.92] 51 | 460 |942 35 | /25 | v loait | 51 | 430
7 | +tg 089 | 75 |63 |62¥ /L3 | /30 | " leegt |47 637
|t (42 (207 | 75 | 6.3 |6z4 44 430 | v ledz5| 28 | L9¢C
9 7.2 | 355 | 75 | 6351 649 92 /4.0 " |0.28q9 | 36 |3.25
o |\ 2 | 1.04 | o0 .09 | fos (25 | 140 | v loogs 16 | 0.95
M| 3.2 | 458 | JOb | 1.08 | .03 4.3 /5.0 d 6031 | 21 /.31
2 | 55 | 277 | teo | %08 | 491 2.0 ___rE_aAN v |0209 24 231
/3 | L3 | 0.69 | /25 X5 933 (22 | s0 | % loos5s | /2 |0.57
/4 | 20 | 098 | /25 | 935 |982 | 29 |60 | " |oe89] /4 |6.34
[ /5 | 52 | 256 | /25 | 935 |976 | 3.0 | 6o | " |oz01| 24 [220
6 | L2 |659 | /56 1165 4063 | 20 | /70 | N 16029 9 0.9%
| /7 (20 |03 | /50 |/eS |/l szl 39 | jz5 | » lew% | /T |06.82
/¥ | 47 | 232 | /50 |/L65 | 16,57 | §-6 {25 w |o.198| 22 | /92




TABLE & Aclva/ diameler ofpipe=107" Lenglnpipe - 80

Fiitings ' #-glovevaives 2 eibows, &1 ppies(vnreamed etids )

: = — = =
i d' .

Ne. F &1 Fom Te 2 9 |
( Hf,l | (O rifice) (s r rectod)

72 | 595 | 2r | 245 | 236 | 18 | 1.0 ] f50
[202 [ se00 | 20 1207 [43 | 100 |
32 |50 | 24 70 | R.45 3 | 90

| A | 120 95 | 420 |4.76 | o L e : !
A T B £ g ol | 94 | 33 : | 43
{202 |reco ! 16 | 426 | 331 | § | 95 | v 929 | 6l

72 | 158 | 72 | a0 | 605 /0.5 | . /2

92 | 355 | 70 | 53¢ |58% | 4 e | v e z9

f f 1 : 1

(739 | 648 | 70 1596 |58 |99 | szo | | 2o

| 48 | 683 | foo |§09 | 8oy | 138
52 | 2355 | /00 | ¥.09 | Sae0 140 : 2 |2

T s

3.5 |467 | 100 |3.09 | 293 | 9.0 | = | 23

fh\

.

+

ey (B o Ry

| 2o lody | rz4 |9.4¢ : 7 | 60 |
£4 |266 | /25 1946 [ 977 |49 | s60 | "

—=

| 28 |a37 (24 |9%0 967 | 70 | 266 |
| 21 |sos | /80 lyes |mer | 22 Lol L

TN
5.8 | 4839 | /30 l/req (/SR | 449 | jge | v
/¥ 7.0 395 | 150 l : ; i18. 0

IABLE 6. Acfval divmefer of pipe = 1.0] Leugth pihe — 80"
F = r'T- i‘;". 6 rﬂ-iﬂr’ﬂpendﬁra,bﬁf? "Jf*a_'r'r |, 2-&loows, 7 ri F_g;ﬂs( cots F o p U0 LR BV "}

=

No. ¥ 2 £ ( | Te

ah

<

o b
il
b b

-

h
R ST

il

qw.'-:e-ul«..t{.m-

s [t |9 [gy

t |t
&% p|o 0 o L

F|ele o (FE

-
=]
o

o |
= o
o R

Ifﬂ.-;b 9?3
'?ﬁf-" 9.2
.95 | 9.50
_ f{:&':r I o
eS|/l 60
(e 1156

4

ST

e,




[ABLE 7. terval a ;'u:nafu.r'..-'f’.-,-,;;;r' 263" Lea gla~pive = 8§8°
f",}'?‘;'.f.n} s'E2 Clbows L, nipple | redrned ,,g.r;.-,r,-gj_
" T - ,
= v Va h F
Ko lineo) | 5 } & |8 | T |-._},frfca - A
J 8.3 | 03| 20 | 290| 240 2 | /80 | 175 |0.399] 2.35|,305
2 /5| oko| zZo | 240 | 239 4.3 | (7.8 | w 0849 | 342 | .602
3 | 225 ©90| 2o | z40| 238 | 60 | /80 | v 116 | 402 |.R03
4 | 28| oto| S0 | 952|452 /3 | /835 " o431 | 098 | . /00
5 651 o23| So 952 | 4.81 | 34 | /8.8 v o313 | 152 | 230
6 99 | 036 | 0 | 452 45 | 5.0 | /9.0 | " lesos| /93 | .360
7 2.8 | oto | 25 | 629 623 47 /%0 | » ';‘“35 0.80 | .023
8 | ¢4 | o023 | 75 | pzo| 628 44 [195 | " |0.2%1 | L26 | .2/%
9 | /06| 03| 75 | 629 ¢27 7/ | 205 | " 085/8)| )66 |.376
/0 | z2 | coi| /oo | §.05 | §.05 | 46 | 2o " _0.08% | o6l | .078
W 53 | 0/9 | 400 | 8.05 | pog | 35 | 2A5 n_|e/97 | 050 | .186
12 54| 027|400 | 805 | g0q4 | 53 | 220 | w |0384| sty | 289
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