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RELATIVE EFFICIENCIES AND CAPACITIES
OBTAINED WITH
.
WAEREﬁ DUPLEX STEAM PUMP ,
EQUIPPED(a) WLTH STRALGHT PORTED VALVES
(b} WITH ROTARY INCLINED PORT VALVESR
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The purpose of the test is ifo study the

relative merits of two types of pump valv

2z
with special attention to the efficiency
and capacity obtained. A further study

was made in comparing velocities of the

water through the valves and the losses

3

in head due to the resistances in passing.
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DESCRIPTION

VALVES.
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(1]

YETHOD OF TESTING.

(a) Camabltv and Bff iciency.

T@st rung were made in accordance with the A.S.M.E.
test code for pumping en gires

In order to get a anumber of points from which to

plot the efficiencies and czpacities, tests were made under
varying dznﬂhurge nemds and at various speeds with each set

Fal

of velves., The vonpleu d curves give us an excellent means
of comparing the performanc@ of the pump with the two types

o

of wvalves

[N
0]
ch

nstalled. Nine runs were made with each iype

of valve. The duration of each run was thirty minutes.

t

The pump was run at the desired pressure or speed until sue-

cessive resadings of fthe condensate checked denoting that the
pump wos runni “gISmogthly, Tn@n the thirty minute run was
made,

The data Qas recorééd at five-minute intervals,
Condensate was weighed inbweighing tanks’and the water dis-
charge was mes uréd by méénsﬂof cali¥rated tanks.

The wabter end of the pump was fitted with indicator

ndicator cards for the water end were taken during

[

cocks and
the test. The cards were used to show the water work and the

behavicor of the water in the cylinder.

The water horse power as obtained from the cards was

paehy

used as a check on tne water horse power as computed from the

data,




e Valves,

It was planned to Tind fthe losses through the

valves oy measuring the pressures on both sides of the suc-

tion and discharze valves. The apparatus for doing this
was arranged as shown in the skeich below.
. A
@ ® @) — Gage cocks
/
—e———-————Goye 7/o.s.s¢s
( & = <] 3 }
L - STee
- ~7 15’//77.9
.Dz/?"ercﬂf/o/ Growges
r~or
S Tap S’ iy Frasas s
Ao P resoes Fhiruw volies

It was made up of two differential gauges, one for
the section valves and the other for the dis %3?”9 valves,
The gauges were made Trom gauge glasses,. plipe fittings and

-

gauge glass cocks as noted on the sketch. They were mount-

gd on A drawing board on the side of the pump.

It was planned to use this on one end of one side

of the pump »aly.

[#3]

ne arvangement of the zauges was as foll
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AR

presgsures in these

one leg of the suction gauge was connected to the pump
on. the piston side of the suction valves by means of

4

brass tubing. The other leg of the gauge was connected

in the same manmer toc the pump on the suction side of the
suction valves. A bzll check valve was placed in each
line to prevent thé fluctuatiog of the‘water columns in
the zauge glasses when th? §ump reversed, The ligquid
used in the glasses was carbontetrachloride (specific
gravity 1.6), colsred'wiih cylindér cil,

In the samne maner oné leg of the discharge
gavge was connecited into the pump on the piston side
of the valvesgs and the other into the discharge chanber.

The first attempis tc measure the difference in

ges failed zs the liguid columns

413
o
o

were blown out of sight. his was at Tirst thought teo

-

be due to the fact that the lines to the gauges were not

[}

full of water, and they were itherefore primed. It was
found, however, that even after priming the gauges would
not record arnything which might be considered a differ-

b=

n
h

iuctu

w

ennce- in preésure and the heights of the column
ed g0 much it was ilmpossible to measure them. It was
decided that'thé trouble was due to the inability of

the apparatus to transmit the pressure without transgite.
ting the numerous impulses and shocks due to the reversing

of the pump and the closing of the valves. The problem




e
g
1

of designing an spparatus that would absorb the impulses

and £1till trensmit and measure the pfes sures was finally
given up as the time remaining waé too short to permit
of fufther expefimentatisn*

Tt was then hoped'that the difference in pressure

-

through

B

he valves mi ght be determined from the indicator

31
<)
i...J
pank
o
Cha
e
o
il
Ll

+3

cards itaken from the water his was to be done
as Tollews: The discha 5@ pressure as recorded by the dis-

charge gauge at the time the card was taken was plotted to

gcale above the atmospheric line on the card and the suc-
ticn pressure (computed) was plotted to scale below the

;4.
r“?*

agitmospheric line., The distance between the lines plotted

')

el
4

or the discharge pressure and the discharge pressure line
as drawn by the indicator pencil represenis the loss through
the valves. In the same way, the distance between the

.

suction line plotted and the line drawn by the indicslor

ig lhe loss through the suciion valve,
Sample cards are shown in the Appendizx.
The only indicators avzilable for use on the

water end, hewever, were steam indicatcrs and it was

féund that the‘actiOﬂ_of'theSe wae most inaccurate and
irregﬁlay. This was due to the fazct that the water woul
not recede from beneath the Iindicator piston on the suc-

tion sitroke guickly -enough to allow the piston to really

~draw the suction pressure., Also,due to the number of




s

impulses caused by the opening end closing of the valve
the cardé drawn by the indicator were very poor and can-
t be COleder 26 in the Qw*CUlthCﬁ of the test.
Two hydrauiic indicators were then~obtained.

These were equ;pnea ~nowever, with sprin

ot
4
w

Q
o
AL]
H
@
[
S
0
=
®

measure pressures from 500 to 2000 pounds per
Steam indicator springs were then tried. The scale of the
spring was determined from the raitic between the ares of

the steam piston amé,Wawer pigton. - The smaller scale

spring to be obtained in the labo“ﬁuory (10 1bve.) gave a

-
1-'»

er of an inch in

c.,!.

card only a qusar ¢ht representing a

s

pressure of 80 pounds per sguare inch., It was evident

at once that it would be useless to attempt teo nmeasure

a Qifference in pressure of but a few pounds Iin this way,
P

The measurement of the difference in pressures

i1

through the valve was then given up for the time being.

(¢} Velocities trhrough the Valves.

e

the valves were ¢

lo.
[y
b
[}
2
H
[N
=
D
o

The velocities through
from- the area of valve openings and
The area of velve copening per valve was oblained

2

planimeter,

7
©

ting the ares and measurin 1g 1t with




10

DATA.

Constants for Pump.

+h

Diameter of steam cylinder 16%.

Dismeter of water cylinder 10%".

Distance from the floor to the centre line of the
pump'cylindervlé%". | |

Distance from the centre line of the pump cylinder

tc the centre of the discharge gauge 4' &",
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DATA - TEST #1

TIVNE: 3C nin.

STRAM .

Intrance Bnt, IExheaust  L.E.P,
Pressure Temp. Pres, R.E.S, - L.H.S

H.E. _ B.E _H.E. P.B.
3.5 15%. O 21.1  24.5 21.2 12.0
24,5 158 21.7  25.4 22.4 12,2
34,5 159 21.6  24.8 21.6 12.1
34,5 159 21.8  24.3 23.6 11.5
35.0 156.5 21.1  23.4 2.8 12.5
35,0 159 21.¢  22.8 £2.8 12.1
55,0 159 26.4 3.2 11.7
| Av, 3 158.5 0 wka‘A21,4 24.7 2205 12,0
%Eisckarge Stroke Strckes .~ Dist,from Surface
_Pres.Water R.H.S. TL.H.S. Per + min. Water to Floor
45.0 12.5"  12.0" 2 4
44,5 12,5"  12,0" 22 31 11
£4.5 - | 5 4
45,5 |
n
45,0 .

44,9 12,9 12.0 22.6 47, 8"

Barometer 30.07" Hgl.

Temperature of Steam Thermometer $60 Far.
Mo. Degrees Exposed 130 Cent. degrees .
Steam Springs 20 1lbs. Water Springs 40 1bs.
AV%r”ga condsngats ;% .138.5 1b

Py

E;sv in the hanks 3

3

=3
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: . | ‘: DATA - TEST 43,
: TIME: 30 Min.
STEAM:
Entrance Ent. Exhaust ' ILE.P.
Pressure Temp.  Prés. R.H.S. L.H.S,
H.H. 7.3, H.B. _ P.E.
45,0  165.0 0 25.2  31.3 29,2 16.0
45,0  165.0 0 25.0  33.6 29,6 16.3
45,0  166.0 0 25.2 32, 30.0 16.0
; 44,5  167.0 0 24.3  33.6 29.3 16.6
. a5 167.0 0 24,9 33.1 29.3 16.1
© 5.0 167.0 0 25,4  32.8 31.7 15.8
5.0 187.0 0 26,0  33.8 £8.0 16.5
AV.44.9  166.3 0 25.0  33.0 29,6 16.2
Discharge troke L.H.S. Strokes Dist.from surface
Pres. Weter R,H,S. o per & min. ___water to flcor
92,5 12.5 12.25 18 48"
72,5 12,5 12,25 19 473
% 72.0 12,5 12. 85 18 48 #
é 71.5 12,5 12,25 18 48 "
. 7L 12.5 12,85 18 I
5 71.5 12,5 12,85 18
j 72.0 12.5 12.25 18
AT7L.7 . 12,5 12,88  18.1 47, 9" N

Barometer 30, 10"g,

Temperature Steam Thermometer 88° Far,

-No. degrees exposed 137Centigmade degrees.

Steam Springs20 1bs. Water Springs 60 1lbs.

Average condensate 5 min. 124 1Ds. Rise ir Tanks 22,.8%fcet,
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DATA - TEST #4,
THIE: 30 Hin.

Intrance BEnt, Exheust | ¥.B, P,
?raa&uyq ?amp, Prés. - R.E.8, -

50,0 165 0 28.7 44,0 40,2 37.8

50,0 165 C 28.7 42,0 40,2 38.0

[e Y
[
o
ot
o
o
O
(3}
O
}..J
oI
B
L2
(@]
(¥
O
(o)

38.6

n
[
-
o
o)
o>
o
<
ay)
<0
v
o]
H
i
&
<
Vo
pod
®
-3

38.5
29.4 44,0 59.2 38.4

O [&]
a3
m
O
>
no
»
Dy
(&N
O
A\
LW
s}
28

50,0 165

56,0 165

<
™
[e¢]
~2
W
=N
L2
(oY
.
[
i
(¥}
o
B

7 Bs0.1 185 0 29,1 43,5 40,1 38.3

=

i

Discharge  Stroke L.H.8, Strokesa Dist,. from surface
Pres, Woter R.H.8. ~~~~~~~~~~~  perdmin,  water to floor

o
«3
&,.«J
a3
L)

v
m

12.0 11 | 47
89 12,25 12.0 11 4
88.5 12,25 2.0 11 ‘ 47
89.0 12,28 12.0 11 49n

- 89.0 ) 12.28 12.0 11 46"
89.0 12.25 12.0 11 4
89.0 12,25 12.0 | 11 4

i

é 3£aam ngingé 40’359. 'watérjﬁpriags a0 1bs,
. Average condensate 5 min.103 1bs. Rise in Tanks 13, sfeet.

SR




Em,l
[9.]

DATA - TEST #5.

ronoe Bat,
re Temp,

59.5 167 0 35,0 51.4 41,8 45,5
59,5 187 0 35.3 51. 4 42,8 45,7
59.5 167 0 34,4 51,4 43,5 48,1
£9.5 167 0 34,4 B1.4 43.1 46.5
59.5 167 0 6.0 52,0 42,9 46,6
59,5 167 0 35.6 51,0 1.7 45,7
59.5 167 0 34.8 51,4 42.8 46.1

Dischazge  Stroke L.H.8, Strokes Dist, from surface
%? B8 Hatar BRI, §a iy o U =+ mﬂé&ﬁw wayey 1o ﬁ'},@%ﬂ’

aste AR »w«wwm

o
105.0 12.28 12,0 12 441
102.0 12,25 1z, 12.5 454

food
€&
3
A d
(91
[
N3
®
A
[&;]
R Ny !
. ;
O (@] O
-t
pey
o
B
[oxY

102.5 £2.25 1z, 13.0 47n
; 102.0 12.88 12.06 12.0

102.0 12.25 12.0

1C2.0 12,25 12.0

%Av, 102, 12.256 12.0 12.5 . 46.3
Ry ».«»' e e o e it A b e i S L e e e LN et

Baromatey 30.1 Hg.

Temperaturs Steam Thermomeder 1120 Far.

. Ho. éiﬁgrwa exposed 137 Centigmade degress.

. Bdssm Springs 40 1bas, Watey Springs 1001ba.

Avevage condensate 5 min.106 1bs. Rise in Tanksld.o f@ﬂ.
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Bntrance. Int. IExigust g;g$§L = L.H.S
Pressure Temp, Prfa. 0.5, P.E, H.E, ‘ P.B.
74 169 o . 36,4 65, 4 51.5 60
74 169 0 35,6 54,8 52,1 87.75
T4 169 0 36,6 ¢4, 4 52. 59.5
74 169 0 36,68 23,9 5R2.9 57.
74 1€9 0 36,6 63,9 51,4 53

-3
o
}..J
(82}
(o]
<y
[N
(o}
&
(8}
Oy
[92]
(i}
1

i)
[
X}
®

~3
FisN
-
0O
(98]
(Y]
83}
%
h
s
e
®
()
o
w
[ts]
(93]
18]
&

Ay, 74 169 0 36,4 €4.7 52, 59
Discharge Stroke L.H.S. Strokes Dist, from Surface
Pres. Water R, H, S, Dber F min. Vater to floor
122,58 12,286 11.5 13.5 - 504
120. 12,28 11.5 13.5 514"
119,58 1z.28 11.5 13.5 51"
u 119, 12,28 11.8 13.5 514"
,g 119 12.25 11.5 13.5
; 120 12,25 11.5 13.5
119 12,25 11.5 13.5
Av, 119.8 .25 1.5 13,5 514"

Barometer 30.1 Hg,

Temperature of Steam Thermometer 110° Far,

No, degrees exposed 139 Centigrade degrees,
Steam Springs 60 1bs. Water Springs 100 1bs.
Average condensale 5 min, 1541bs,

Rise in tanks 15.73 feet.
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, DATA - TEST #7.

‘ Exhaust
Temp. ZFres,

17

£8 169

(91
o’
},..J
h
O
e« TR e e e

/ Stroke
Pres. Water R. H. 8. o Per hmin.

Pigcharge L.H.8. Strokes

Dist, from Surface
Water %o fi@ar

100 : 18 11.5 15.5
100

L
[
ta

11.% 15

9

©

.5 11.75  11.5 15
100 11.795  11.5 15.5
160 11.75  11.5 15.5
160 11,75 11.8 15.

100 11.75 11.5 15

504

Av.300 1175 115 5.8

Barometer 30.1

Temperature of Steam Thermometer 1C08°Far,

¥o. degreses exposed 127 Centigrade degrees,
Btesm 3prings 60 1lbs, Vater Springs 60 1bs,
Average ocondensate 5 min,.s2,clbs, .

Rige in tanks 13,35fest.

51,5



18

STEAM.
ME.P.
BEntrance  Ent. Exhaust R,HE.S. L.H.S
; Fressgure Temp. Pres, o.5.  _P.E, H.E, 2.1,
65 174 0 16,2 48.7 21.6  40.5
E 65 . i?4 0 16,8 43,3 20.9 41,
% &85 174 0 17.2 48,3 21.8 40,8
65 174 0 16.4 49,4  21.2 41.1
&5 174 0 16.6  49.2  20.5 38.8
é €5 174 o 17.2 48,8 21.2 40,7
E 65 174 0 17.5. 48,86 Z1.4 40,5
N 174 ¢ 16.6 48,7 21.2  40.5
» Disahﬁrge Stroke L. H. S. Strokes Dist. from Surface
Pres, R.H.S. per & min. _ Water from Flogor
: 87 11t 114 23.5 45.5
; 59 11.5 11.28 23.5 47
% 62 11.5 11.25 24.0 47,5
62.5 11.5 11.28 24,0 43
82,5 11.5 11.25 24.5 49,
82,5 11.5 11.25 24.5
83, 11.5 11.28 l{24,5
Av, 62.1 11,5 11.85 24.5 47.2
% | Barometer 30.1 Hg,

Temperature of Steam Thermcmeder 1080Far.

No. degrees exposged 144 Centigrade degrees
Steam springs 60 1lbs, Water springs 60 1lbs.
Average condensate D min.206,3 1lbs.

Rise in tanks 27.95 feet,
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DATA - TEST #9

Botrance End. ,&ﬁzw%
37.5 157 0 17.35 31.45 24,0 23.3
37.5 157 0 18.0 31,2 24,2 23,7
37.5 157 0 18,0 31.4 24,4 23.6
38,0 157 0 17.5  31.0 24.7 22,8
37.5 157 0 17.4  31.4 26,5 23.0
37.5 157 0 18,1  31.8 25.0 23,3
38.0 157 0 18.3  31.6 25.0 23.2
Av,37.7 1E7 .0 17,8.....31.4 24.7 23.3
:ﬁiw&zww Stroks L, H, 8, %mk@s S4et, Trom Surfacs
y B T8, ‘ .. Hater from Flosy
60 12 11.5 12,5 45"
£0.0 12 11.5 12.0 45"
6C. 0 12 11.5 12.0 443n
59.5 12 11.5 12.5 443
59.0 12 11.5 12.5 A44§w
59.5 12 11,5 12.5
_.59.¢ 12 11,5 12,0 |
AV,59.5 12 11.5 12.3 aazn

Barometer S0. 1?%@.
Tenperature of Steem Themoneder 108° Fay,

Ho, degrees exponed 1
Btean springs €0 1lbs,

Averspge condensate B min, 82.8 1bs,

Rise in fenks 13.4

fast.

27 Centigrade degress
%,t@r springs g0 1bs.
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RESULTS
Test No. . 1
Strokes per min. 44
Piston speed )
Feet per'mim.) ' 180

Discharge head (f%.) 114.1

Digcharge (cu. f£t. per min.) 91.

Gals. per min. | 680
Gals, per hr, , 40800
Gels. per 24 hrs, 980000
Water H.P, 19,7
Stesm I.H.P. 2.1

Les. Steam per hr. 1680
Lbs, Steam per I.H.P. 75,0
per hour
B.T.M's per I.H.P./ hr. 76800
B.7T,0's per 1v. Stean 1012.8

Piston displacement

(cu., £%. per min.) 108.5
Percent Siip 16.2

Mechanical efficiency 83,0

Duty -

(ft, 1lbs. per 1,000,000
B.T.U.) 23 0

0BCOO

Velccity through valves 7..04

828000

20.0

23600000
5,91

36

148,6

175.3

28000000
4 765



Tant Yo,

Strakes per min,

Pieton sposd
Peot por min.)

Bischarge heed (£%.)
Bischarge {eu. 4. per min.)

ie,. per min.
Gale, per by,
Bals. pay 24 nes.
Waler B, 7,

Gteem 1.H. 7,

ﬁﬁﬁq@*ﬁ %ﬁ' z"ﬁ‘ ﬁﬁf %%g!“
B.T.U'e por 1b. Sta:

%ﬁi@@%ﬁ? through velven

15800
378000
14.4
20.2
1236

61.0

8200C

1018.2

52.3
32,7
71,0

22590000

2.74

101
244.2

(o]
[ie]
<

R
e
en

67.8

3.02

18160
388000
19.4
25,2

1850

73.5
74500

1018.3

20440000
2,78



Hechanloal efficlency

Test ¥o. o 7
Strokes per min, 30
Piston speed | |
Feet per min. ' 115.2
Bischargs head {£t.)
Discharge (ou., ©%. per min, ) 43.8

240,86

Gals. per min.
Gals, @aw‘kx*
Gals, per 24 hvs,
Weter H,P,

Btean I.E, P,

Lbs. Stoma per he.

Lbe. Steam per I.E, P,

per hour 55.7
B.T.U's per 1.H.P,/ hr. 50600
?ﬁ;%q!ﬁ’ﬂ per 3‘%;* ﬁtw 1915,6

PFigton displecenent
{ou, T4, per min.}

Percent Slip 35.9

Duty
éf%‘ 1}‘}%# W? 12'&{:‘;@&@
3.7.90,) 28250000

Veloedly through valves 3.14

w3

<o 1
Oy v
(] o
[ o
[ <

[ae]
vt
G &

o

ot

-

- o

16800000

(833
93]

5.

69.3

18300000
2.72
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It is impossible at this time to arrive at%éay_
conclusion in iegard to the relative capacity and effi-
ciency of the two'types of valves owing to the fact that
because of labvor difficulties the inclined port valves

£
()

tin

ot
o

which were made to order did not arrive in tine for

At the suggestion of_Prof, Miller, this theéis is
beiﬁg'sgbmitteﬁ with the resulis of the tests on the
straight ported val%és cﬁly.

As soon as the inclined ported valves arrive,
which should be wiihin a day or so, they will be tested
and the results, data and conclusions with regard to the
relative merits of the two types of valves will be. sub-
mitted as an Appendix to this théaiﬁ. |

The present discussion, therefor&,_will be limited

to the resulis of the tests on the sgiraight ported valves,

fox
Lo

*



DISCUS3IION OF RESULTS

The action of the pump and auxiliaries during
the tests was not satisfactory. The resulis show con=-
siderable variation and irregularity in performance, and

failed in any of the tests to deliver the rated capacity.

apacity of

(¢}

The best run made at rated speed showed a

coounted for

W

about two thirds the rating., This may be

or

parhaps by the presence of several s rips of wood in the
suction chamber. fhesé were discovered when the suction
val%és werse remo#ed for the purpose of installimg the new
eﬁes. The actual effect this wood had cn the capacity

and efficiency of the pump cannot be determined, but in

the opinion of the writers there was a sufficient aunmber

hird of the effesciive arez.

Fy
<

It is also probable that there was mors reign matter

in the chamber than was removed which rezeded down the

tion of the pump to warying extents according to the
émauﬁt which lodged against the velve ports.

Ancther reason fér the poor performance shown -
may beAtLe ineffisienay of the condensor, This con-

4

densor was the large Worthingion condenser in the base-

b 3,

~ment of the Steam Laboratory. The action of the con-
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two results were obtained. The discharce opressure

Plotted %o scale is shown on two cards, btut the writers

2

hesitate to call the area above this 1

fote

ne the energy lost

through the valves. »




APPENDIX.,

CALC JBATIOJS

m————

Distance csnire 11ne of the cylinder
to centre line discharge gauge=4,67!

¢

.
P
]
(1o 20
al
(9%
sad
]

_103.8
114,11
Cubie fest of waler per min. from tanks
34,7 x 78.5 = 2730 cu, ft. / 30 min.
2930 =  91.cu.Tt./min.
30
gal./min. 91 x 7.48, = 680

i

zal/hour 680 x 80 40300 gal/hour

gal/24 hrs. 40800 x 24

il
€
48]
&
[}
O
&

Water Horse Powpr

(23

SR

3 pojs
[

H.Peounft./min, x 62% x head . _91 x
33,000 33

o]
Pt
E...\.l
whse
ot

-

1P
R.E.S.H.E. 12.5 x 45.2 x 21.38 x 201 = 6.1 H.P,
; 12 x 33,000 '

™ T ™ . .

R.H.S.P.B. 105 x 45,2 % 24,7 x 197.9 . 6.8 H.P,
12 x 33,000

L.5.S.H 12 x 45,2 x 22.5 x 201 - 3.17 H.P.
12 x 35,000




o) . 4
[Av] Wu oy
bas nxww
HU - el
£ Y i3
m & ,
Py o
o e ©
for} *» . 4
[} o o3 [am . oy
» 1 » o
nooom < 3 2y
()] [aa!
+3 i ot
o] i " @ "
D 42
) n o i} @D
nﬁU O M),_ » <) w M
< i @« - Poe et i -
® " [ PR oD " e s -
of W = ~ LY B4 ! s
AV, n A reef 0 <2 .Y, [ o <
"~ L] fu e} e} fe)] (e} <
w oy - S tq & Gt » . - - *
o) I8 oW ] @ e, Q AV,
L - 4 » £ jeh
n.um o 1 % o 42 .m“ n i "
) S “ e ) " »
» N . - o T W " 4
» L3 » Mu s F » ol . * Mz“m - W ll@} Gq
- © Py & . " o BN 2 ¢l @ . - .
o &£ . o > o " N O W@ 183 B AV R o 3
e . S e i S R R e R oM g o, e O
J© P o . . wf @ - £ @ o) I TR <o T (o S (<o) o0
wKlo . OF O i HE w N @ © ) ¢ Mlea Wi WMoy Ko 10
O L %) Ke] Gt a b O mn £q - o~ T~ o~ a
0] = = e} $4 i (@) 4 +? (&) 0 s~} (5} ed el e D] o0
Aty b 4 @ R o A w w0 THeo . » . E >
) 0] C.A < s [T9] . w3 - ot ) o0 ) el 4
by : ot - £ et B % Gt o bt BEEETS BEv ¢} ow o0 «
3 ) 4 K o il ) s
o Nm =] i nmw e + . 1 : " 43 By 1}
» £ 0 42 4 e N o~ [T 0 © e
[le] (& @ [AY] 42 @ o fan ] £2 @ - L B - * * =}
Rl B St B 0 C i O . 4 £ 2 4 £ 8 ] .
: 0 u <3 o e &4 o . » - - 0l
2 Gy w ) o . A 0 ” ey P fuad (&)
. Gt o o - 155 1) - W A+ a . . o . £
3 O 1] 4 m " o o) » Gy = U w U uy
- 3 » * Lo 1 IR . " K 3 o3 o » . . ® o2
2y w»f o w] e = = - £ ] I o e~ oo o .
. Qf ™ R} B 5 (3! o = = - . 4 < 3 o . . . . 0
w Kl e [ mi A B M 3 ml - (6} B~ & [EH ft
jan
® —— - o o P
+3 W0 o~ w0 o) @)
pa—_ St S Aot 15.”




29

o)
(@)
(o] o
S . eA
O i
0 @ "
> L)
- @ 4]
t9 3 mn
o 43
4
1 e
&2 24
o
o o3 T3 »
o @ o
ST I
) S
R Of =g
[RY] (& W i - .
. gt © o S B
0 i B -+ B
4 (o] o
Hho [ e ,Wu
W » e ® i} W
> Qe = (I
o) Qe ) D o
w4 Joo o W ol .
Te) «Q <l P o e o] <
100§ o el 1 [ ot w
SO0 O SR w o .
oo o ~j £ RN @ by
| - P 17 S | &
Gsl XY {310 o Bt o)
1) o =p W 3 - D s
. » L3 I B < @B Ty vl
Crd 3 o) . > " i 0
(o)) @ o i 0 5]
i {7e) € o By DD by PO
§; o oy 43 = §- 43 o
1o o " " O T D R |
o o Bt 8] W (& !
4 ot S e b [ty o = b e} )
w2 [es (& of » 42 ® 4 r 88
o Lol oen ~1 o ) A Y] @
X3 el oAl B e e I S = =




45 +138.5 4 4.67 + 127.0 = 137,04
12

29.3 x 78.5 = 2300

2300 = 76,6
30

hi]
“3
o
<

Gals.per min, 76,6 x 7.48 =

w o

b

Gy
<O
]

[¥)]
[
(]
o
<

Gals.per hr, 5730

"
&)
Av]
o
&
<
&

"/ 24 nrs. 34380 x 24

°.x 137.04 = 20

D x40 % 22,5 x 201 = B.%
12 x 33,000

R.H.S!C.BE. 12.5 x 40 x 31.7 = 187.9 = 7.92

15 % 35,000

40 x 26.8 x 201 = 8.9
x 33,000

b
-
i
a@

[¥5]
s
i
ft
iV
-«

4]
o

]
2ol

L.H,.8.P.%E, 12.25 x 40 x 14,45 x 137,92 - 3,54
12 x 33,000 _
Total - £3.38

137 = 12 = 1645
845 = £9.0

30
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(14)

P' = 52.8 1bs,

Ttz 166.4° ¢, 331.5° T,

1

T= 284.4° F. °s = 47,1
H' = 1199  g'' = 180.3

H' - g'' = 1018.7 B.T.7.
1018.7 x 69 = 70,200

R.H.B.H.E, 83,

L.H.S.H.Z, 83.4 x 12,25 . ,591
THEY
(IL8
L.H.S.¢.1. 86,5 x 12.25 = ,814
728
2,43
40 % 2,43 = 97,4 cu, fTt.
907.4 - 76,6 = £81.3
S7.4
20 = 83.5% )
£5.9

62.5 x 36,6 x 137.0 x 60 = 1,000,000

1845 x 10138.7
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cals per
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nr.
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1580

"

(-
i

M
)
0
o

24 W.LI‘Q‘ E]

i 1]

378000

12800 x 24 =

QD

P
Rt

e

ot

-
=
o

12 x 33,0C0

@
®
10

-,

L]
29

N

1

O. CCE‘

=
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12 % 85,000

3

uy

e

12 x 83,000

x 198 x 58,5

i
(o

w2

22
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Q
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O
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<
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per hr.

36 1bs,

12
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3
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61 1bs.
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SAMPLE CARDS

STRAIGHT PORTED VALVES
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DATA - TEST NO, 1.

Averages 0f Regdings

Duration of test {minutes} . . . . . . 30

Steam entrance pressure, pounds per
square inch . . . + . . « ., 40

Steam entrance temperature, degrees
' Centigrade . . . . .+ + - . » 156

}{. Ei L] L] 0' * » L] L] ® L] 2107

ROH"SO
CoBs v v v v v v o o o 33.0
HI.EB.P. ;
H.E. . « . « . + .+ . . 29.8
L.H,8. V
Co Be o v v o o o o+ . 29.2

Discharge pressure water, pounds per
square inch . . . . . . . .. 60,5

R'H‘S' L4 ;] * 120?5 inﬂ
Length of stroke (inches)
‘ L.H.8. . . » 12,50 in,

Strokes per minute . . . . . . . . . . 21

. .
@ * Ed * ? * L3 L] Ll L L 46

Barometer (inches of Hg.) . . 30,10 in.

e
L)
@
®
.

Temperature surroundings, degrees
¢ F hre’{l}le it * ° » ® e ° £l Y .lOO

“Mumber degrees exposed, degrees
, Centigrade . . . . . . . . 126

Size steam springs, pounds , | 60
Size water springs, pounds . . . . . 60
Average condensate 5 minutes, pounds 176

Rise in tanks (total) feet . . . . . 30.0




A,

Averages of Readings

Duration of test (minutes) . . . . . . .

TR N - \
Steam entrance pressure, pounds per
sgquare inch . .+ .+ . .+ « « .

Steam entrance temperature, degrees

Fahrénheit . * ° . » » s w L] ®
HQEQ L . + . L] " ® L] - -

RaHiSO
CoEa L] 3 E] > ® » @ s » .

‘E‘VKOEOFO
HCED  » 2 » L d ? L d * ® L] L 4
L.H.S.

. Caua * » » - ‘o » *
iscaarbe pressure wauer,mbs ne; SQ.1i1.
ength of stroke (inches) R.H.S. . . . .

L.H.S. » + -

D
L

Strokes per minute . . . . . . . . o . .
Distance surface of water to floor {inch
Barometer (inches of Hg.) . . . . . . .

Temperature sa rroundings, degreses
. ‘\’1( nre
L «L Ahe&b » L) [ 'y ® ® » Y s £y

3

Humber deo eeb exposed, degrees Centi-
de > * * * - * * * ] - * »

Size steam springs, pounds . . . . . . .
Size watler springs, pounds . . . . .+ . .
Average condensate for 5 minutes,pounds,

Rise in tanks, feet . &+ + &+ ¢ o« o o & =

.100

.143
. 60
. 60
.200

63



DATA _ - _TEST N0, 3.

Duration (minutes) . .« . . . . . . . . . .

Steam entrance pressure, pounds per
sguare inch . . . . . + . .e

Steam entrance temperature, degrees

Centigrade + . « « ¢« ¢« v « o « &
HE., .« . o+ o0 0 v o s
R.H.S,
C‘EQ 3 L4 ? L4 L] Ll ? L] & L4 L
M.E.P,
' HOEQ e & 9 o ® & 3 e w» e
L.H.8.
C.EO £ 2 * » L4 . - s ° @ * *

Discharge pressure water, pounds per
square inch o ¢ ¢ ¢« ¢ ¢ o . . .
Length of stroke, inches

LY
Strokes per minute . . . . ¢ ¢ v o o 4 .

Distance surface of water to floor,inches
Barometer {(inches of Hg.) « o o v o« o «

Temperature surroundings (degrees
Fahrenheit) . . . . . . « . . .

‘Number degrees exposed (degrees Centigrade)
- 8ize of steam springs, pounds .+ + .+ .+ .+ .
Size of %ater springs, pounds . . . . . o
Average condensate for B minutes,pounds .

Rise in tanks, feet . . . ¢ .+ o ¢ o o o+ &

30
64

168
39,17
54.5
42.4
50.1

104.0
12,75
26
A7
30.1

110
138
60
100
153
17.4

54



Duratisn {minutes) . « + + ¢« v & « & + « o . 30

Steam entrance pressure,pounds per square

s B
lxl (3 11 ? ? L] L d L] 3 L] * * L3 L] .

Steam entrance temperature,degrees Centi-
: grade L ] L] > L] * L] L] L ] * L] °® L]

HQEO * . * L] - » > * > ®
R.H.S.
C.El ® s 3 - * L4 id ® * *

=4
td
d

W
Cl-—'-’JO s » E . - » - ® ) 3

Iy ~
lncil . ¥ * L] * » L] L] ° ® - a

Length of stroke, inches, S°2° = ¢ = -

Strokes per minute . . + & . ¢ s s s .
Distance surface of water to floor,inches
Barometer, inches of Hg. e s s e s e s

Temperature of surroundings,degrees
Fanhrenneit .+ ., « + « + & o &

s

No, of degrees sexposed,degrees Cent

e
']
3
w
o
o]

Size of steam springs, pounds . &+ « « o .
Size of water springs, pounds . . . . .+ .
Average condensate for D minutes, pounds

Rige in tanks, feet . . + + « o ¢ o o o &

Discharge pressure water,pounds per square

»

&

*

75

168

101
138
80
100
153
13.3

65



DATA - TEST NQ, 5.

Duration {minutes) . . . . . « ¢« + + + « . . 30

Steam entrance pressure, pounds per
Sq}laﬂre inc}l * . » ° » 3 ) . . . e 66

Steam entrance temperature, degrees
. Cent igrade » L] . - L] L ] L] o * e 0167

d

HE, 4 v v v o v s v s o . 32,8
R,H.S.
C’EO 3 * * > 2 ® L A L] @ L] 54\‘6
M., E. P, |

HuEe 0 v v e e e e e .. . 43,1

>
CQED L3 » s a3 e o £ . L3 L] * 4905

[¢]
o

Discharge pressure water, pounds per

square inch . . . . . . . .« . ..103

Length of strokes, inches

Strokes per minute + + o & 4 s 4 4 4 o » s 24,5
Distance surface of water to floor . . . .. 45,2
Barometer, inches of Hg, ¢ v o ¢ ¢ o o & +. 30,07

Temperature of surroundings, degrees
Eal‘lre}’l}.’le i‘t > L] L] . L d L] 3 L] L] LI 90

No, degrees exposed, degrees Centigrade . ,&157
Size steam springs, pounds + + ¢« « & « « .. 40
Size water springs, pounds . . . . . o . e 100
Average condensate for B minutes, pounds .. 144

Rise in tanks, feet . v o« & o + o o o o o - 15,7




DATA - TEST M0, 6.

Duration {minutes) . . « & o v o o o o o &

Steam entrance pressure, pounds per square
inchh &« o ¢ o v e e e s e .

Stean entrancze temperature, degrees
Centizrade .

R.H.S.
' C.E. .
M. E. P.
L.H.S.
C.E., .

S . 1,
1Nca . .

*

»

- Discharge pressure water

Lengtih of stroke, inches

trokes per nminute .

Distance surface of waiter to floor,inches .
Barometer, inches of H
Temperature surroundings, degrees Fahrenhel

o, degrees exposed, degrees Centigrade . .

»

q

x

.

?

*

L4

Ed

»*

.

*

»

L]

L4

®

a

-

Size stean springs, pounds , . « + « + .+

Size water springs, pocunds .

?

@

Average condensate for 5 minutes, pounds .

»

RiS@ in t&ﬂ}fs 3 feet e * L] * . ® * L L] L - L ]

30

61

30,07
120
134

40

80
112

11.34

57



DAT‘ e TEST I)IO o ? [

Durations (minutes) . . . . .+ v v . v 4 . . .

Steam entrance pressure, pounds per sgquare

. "
lnon » 9 ® L4 L] L ® ° - * ° » R4 L]

Steam entrance temperature,degrees Centigrade

2
R.H.S,
C.EQ L ] L L] * @ ® s * L] » L]
M. E. P,
: e
L.H.8.
O

Discharge pressure water, pounds per sguars
) h p
1nc £ ] * » L] » » * P L 2 & * L] L] >

N "
Length of stroke, inches, g';‘ AL A
8~ » ® * » . @ v

Strokes per minute . . . . . . . . . . . . .
Dist&nca surface of water to floor,inches ,

Barometer, inches of Hg. . . . . . . . . .
Temperature surroundings, degrees Fahrenheit
Number degrees exposed, degrees Centigrade..
Size steam springs, pounds .« ¢ &+ ¢ ¢ 2 o o
Size water springs, pounds . . . . .+ . . . &

Average condensate for 5 minutes, pounds . .

Rise in tanks, feet . . . . . . « « & « .+ .

30

11.50
11.25

(]
3

o
€
.

o

30.10

95
138

40

80
162

19eo’




DATA - TEST NO. 8.

Duration (minutes) . ¢« « . ¢« . . . « . . .

Steam entrance pressure, pounds per square
inch ] L] 3 £ L] * * * * > L3 ° ]

Steam entrance temperature,degrees Centi-

BrAAE & 4 ¢ s+ s 4 e e o s 2 e
i

R,H.S,.
CelBa 4 4 6 4 e e 2 s e e

M, E. P,

: HE: v o v v s v o s ¢« o

L.H.S,.
COEO L ° L] 9 * * ° L L L] ?

ischarge pressure water, pounds per

square inch . .« + . 4 ¢ ¢ o+ .

- e . TR §
Length of strokes, inches {*: c et
® ? » * * * E »

Strokes per minute . + . + 4+ ¢ 4 ¢ ¢ . .

Distance surface water to fléar, inches . .
Barometer, inches of Hge .+ & + & ¢ o« o o
Temperature surroundings,degfees Fahremaeit
Number degrees expésed, degrees Centigrade

Size steam SPTrings, DPOUNAS + & o « o o o o
Size water springs, pounds . .+ « . 2 4 . es
Average condensate for 5 minutes, pounds ..

Rise in ftanks, feel . . « & & o ¢ o o o o =

. 30
. 57
.165
. 24,0
. 48,5

. 59
. 12,0
. 11.5

. 30.10

95
135

60

80
176

30

59



Duration (minutes) . « o ¢ ¢« o + &« o o o o o

Steam entrance pressure, pounds per square
inc}l L] » ® L ] 2 L4 ® L] L] ® ® ? Ld £ .

Steam entrance temperature, degrees Centigrade
H‘E‘ * L] A s 4. L] Ld > * £ 2 L] L2
R.H.S.
COEQ L » L] L * s - £ - ® * *
. HOEO L3 ; !4 . - * . * * . ® @

COEQ L] L4 L L3 °* L L] » L] ® ¥ ¥

Discharge pressure water, pounds per square
inch . . .« . + + « &

Length of stroke, inches

Strokes perminute o o . ¢ . 0 e s e e s e s e
Distance surface water to floor, inches . . ..
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CONCLUSIONS,




CONCLUSIONS.

The results of the tests on the in-
¢lined port valves show a wide variation from the
results obtained with the straight ported type.
The authors, however, 40 not believe that the
tests are an indication of the relative merits
of the two types of valves, inasmuch as the con-
dition of the pump was such as Would‘entirely viti-
ate any conclusion which might be made.

The pump needed a thorough overhauling;
and although this was e%idenﬁ before the first set
of tests was completed, it was impossible, on ac=-
count of lack of ﬁime,'to overhaul the pump and
repeat the tests, It was hoped that 1t would be
possible, by running the pump under sinmilar con=
ditions for both sets of tests, to reach some de-
cision as regards the merits of the valves,

The straight ported valves gave better
. results than the inclined post valves, but it is
impossible to state that these results were ob-
tained under the same conditions,

| The inclined port valves improved the

‘running of the pump very much in spite of the
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fact that they were new, They were much less
ncisy and decreased the water hammer very much,

We have concluded that it would be
unfair to decide the relative merits of the two
types of pump valves on the basis of the tests,
since the results are so uncertain,

The following reasons explain why thev
data is considered unréliable. First, vhen the
new valves*were‘being installed, the large quant-
itj of wood and foréign matter found in the suc-
tion chamber would indicate that it would alsc be
possible for air to be drawn into the suction
pipe, which would spoil the proper action of the
UMD, Second, the piping to the pump produced
a very bad water hammer, and it was impossible to
run the pump at high speeds without causing very
excessivé vibration of the pump and piping.

-

Third, in order to run the pump without excessive

knocking and pounding, it was necessary to open

“ the pet cock on the air chamber in the suction

line so as to allow a pronounced leakage of air
into the line. This would also interfere with

the action of the pump. Finally, the steam
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valves were badly out of adjustment and due
to the inexperience of the experimenters, this
was not discovered until the tests were almos?d
complete,

After the tests had been finished,
we also found that it was possible to entirely
close the discharge valve and still run the pump
at a piston speed of about thirty feet per nin-
ute, The reascﬁ for this is the large slip past
the piston and it was found possible to insert
8 thin steel rule between the piston and the cyl=-
inder and move it through an arc of one hundred
and twenty degrees,

The trouble with the valve motion
was also discovered at the end of the test. The
collars on the valve stems on both sides of the
pump were found loose, It was possible to tury
them easily by hand, This would explain the un-
equal division of the work as indicated on ihe
steam cards between the two sides of the pump.

It is evident from the reasons enumer=-

ated above that the data obhtained in these tests
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was entirely undependable, and no decision can

be offered as to the relative value of the two

types of valve.
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SAMPLE CARDS
INCLINED PORT VALVES
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