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THESIS



The object of this thesis, i1s, to determine the effect
of the termperature of feed water upon the amount of water deliver-
ered, by an injector on a threec foot 1lift, per pound of stean.

The injector used was a Penberthy Auto-Position
Injector; catalog No. 117. It was connected up as showm in
sketch. The injector, all stecm pipes and the calorimeter wore
wound with halr felt to prevent condensation by radiation.

As feed end delivery tanks, we used two of the old
bo;lers in the boiler house; numnbered respectively No. 1 and
No. 2 1n sketch. They were ocalibrated to read to each cubic
foot at 5295F. In calibreting tanks, & wooden freame supporting
two glass tubes was attachcd to setting of bollers. The tubes
were connected to bollers es showm in sketch. 62.45, or one
cu. ft. of water was thcen run into the boiler and the level of
the water, es registered in glass, was mekled off on scale sido of
the glass,

Both gauges and thermoneters were calibratcd before
end after tests were run.

In mixing feed water so as to obtain the tempcrature
desired for same; hot water was drawn fron hot water tank into
boiler No. 1, as shown in sketch. If necescery, enough cold
water was added to bring temperature of fecd water to temperature
desired. The cold water connections were on the front of the
boiler lo. 1, end thercfore not shown in sletch.

The mcthod of rumning tests wes as follows: The inject-
or was started and the flow of fecd water was regulated by walve

A so that water in berrels naintalned e constant level, giving o



three foot lift. The steam and delivery pressures were throttled
to 1004t geuge by valves B end C respectively and the injector
allowed to run a few minutes, until 1t became thoroughly heated
up. At a glven signal, valve A was closed and reading of two tanks
talkken when valve A was immediately opened again and regulated as
before. The feed and delivery temperatures were also taken at
this instant. The tests were continued for 45 minutes, temper-
atures of feed and delivery beilng teken every two and one half
minutes. The steam and delivery pressures were kept constantly
at 100# gauge throughout the test. At the end of forty-five
minuteé, roadings of tanks were taken as at beginning. Thus it
wlill be seen that a flying start and finish were made. The tests
were 2ll run with valve in suction pvipe wide open.

The feed tcmperatures for tests were varled, 2s nearly
as possible, by 10°F.

The tempcrature in thc delivery tank was found to fell
below that registered by thermometer in the delivery pipe, and in
our conputations has been used only to determine the actual number
of pounds of water delivered by injector.

Calorimeter tests were run at thc same time injector
tests were rin and the averocge quelity of steam as found was used
in computations.

All computations were made for one hour, as wlll be seen

by observing equations in log of results.
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E STEAM LOG #—> ’

[ b )

BLOW OUT PIPE. NO.2

l@ BLOW OUT PIPE NO.I-3)
DISCHARGE PIPE ;

SKETCH SHOWING METHOD OF CONNECTING INJVECTOR
AND THE RARRANCEMENT OF STEAM AND WATER PIPES.




Log of Results.,

Tenp.| Teop.
Feed |Dclivery
Time | ¥

8:25 52,6 12930

:27.,5 52,6 129,0 ‘

8:50 | 52.5 | 128.8
8132.5 | 52.5 | 128.5
8155 | 52.5 | 12845
8:37.56 | 52.5 | 128.3
8:40 52.5 | 12845
81425 | 52.5 | 128.5
8148 5247 128.5
8:47.,5 52,7 123.0
8250’ 52,8 12847
8:¢52456 53.0 128,2
8:55' 55,0 129,0
8;57.5 53’0 128,5
| 9:00 53.8 | 128.8
| 9:02.5 5345 129,0
9:05 | 53.5 | 129.1
9:07.5 | 54.0 | 129.1
9310 54,2 29,8
Average | B2, 128,92

RealIng of Tanls,
Tanlz Inital Minal
Feed 76.8 cu.fte. 11.5 Cu. ft.
Delive 9.6 cu. ft. 30.25 cu. ft.

Cu. ft. water supplied =C5.3

Cu. ft. water delivercd=70.65

Stcan prcssure=100:}

Delivery pressure=100:;

Steanm Steen Steen 7

1io.| Pressure| Separated | pyn Through | Cteen |
1 108 075 3.08 97.;}
2] 111 .070 3.10 97,9 |
Averane,--97,. &




1.
2o
Se
4.
5.
6.
7.
8.

9.

Durstion of test = 45 ninutes.

Stean pressure (p)=100:"

Delivery pressure (P')=100:"

Delivery head (H)=233.0 ft.

Suction head (H')=3 ft.

Tern. of supply (T)=52.90F, _

Ternp. of delivery in tank (T')=117.6CF.
Lbs. of water supplied per hr.(V)=5433;
Lbs. of water delivered ver hr.(W.)=5313.7;"

10, Cu. ft. of water dolivored per hr. (C)=04.2 cu. ft.

11, Vet stcam delivered per hr.(W!)=386.7:F

12. Dry steam delivered per hr.(W" )=375.0:

15, Tiater delivered per lb. of wet steam=15.17

14, Vater delivered per 1lb. of dry stcam=15.5

15, Veloclty of discharge in ft. pcr sec.

V=(cu. ft. delivered) 144 =04,2 x 144 =76.9
3600 (area of discharge in sq. in.) 3600 X .049

16. Inergy delivered raising injector water B.T.U. per hr.

I’I.B.— * = plus. ) 3 .
(2 2 ¥') 3 7' = E453 x 276.8  326.7 x 237,83 = 1771 B.T.U.

778 778

17. Energy delivered hoating injector weter B.T.U. per hr,.

T(0'=0)=5433(07=21)=4020C3 B.T.U,

13. Tnergy delivered veloclty of dlscherge Z.T.U. per hr.

R =5218.7 x (76.9)°= 605 B. T. U.
Z X 778 64.4 X 778

™3

18, Total energy delivered =(16) 2 (17) 2 (13) 2 U'qy =

1771 % 4020083 2 695 + D05,7 X 07=442736.0 B.T.U.

20, Tnersy supnlied=T'(xr % q)=005.7(.075 X 876.5 3 308.5)=443607.7

21. Cfficicney=442726.9 = 997

24360747

ET.U.



Log of Results.

TemD. | TETD. |
T'cced |Delivery

Tine re F¢ Reading of Tenks.
11:45' ;1.5 157,8 Toank Initel Final
11:47.5 | 61.0 137.0 Feed 79?5 15.8
11:50 60.7 136.6 Delivery 8.5 77.6
11:52.5 | 60.9 156.9 ‘
11:55A 61.0 136,0 Cue. fte of water supplied=65.5
11:57.5 | 61.0 | 13648 | Cu. ft. of water delivered=65.l
12:00 | 61.0 | 136.9 | Steam pressure=100:
12:02.5 | 61.0 | 136.9 | Delivery pressure=100:*
12:005 61.1 137.0

‘ oo Calorimeter Reedings.
12:07.5 | 61.3 | 156.9 _

: ' Steam Vater Stean 2

12:10 6l.4 | 136.7 | No. |Pressure Sepﬁpated Run Ehrough Stecan
12:12.5 | 61.5 |137.1 [ 1 | 112 2070 3,12 7.0
12:15 6l.5 | 137.2 2 110 .075 2.90 97.¢€
12:17.5 | 61.6 137 .5 3 110 «060 2.082 075
12:20 61.7 137.8 Averare, === 97.6
12:22.8 | €1.9 137 47
12:25 62.0 1C7.3
12:27.5 pr 133.0
12:70 €24 153.1
Avorsse | 61.4 | 107.2




164

17.

10.

20.

Duraticr. ol test =45 ninutes.

Stean pressure(?)=100:"

Delivery nressure =100.;

Deiivery head (H)= 254 fect.

Cuction head (H')=3 fcet.

Terp. 0 sunnly (T)=61.4°7,

Torpe. in delivery tank:(7!)=127°F.

Tbs. of water cupplied per hr.(r)=5274.2'
Lbs. of water delivered per hr.(7')=5663.1
Cu. ft. dclivered per hr.(C)=C2.

et ctcan @elivered peor hr,(?')=505,6#
Dry stcam dolivered per hr. (7" )=33 .%#
Vator dellvered per 1b. wet stean=14.5i
Tater delivered per 1lb. dry sicam =14,9.

Velocity of discharzse in fect per sec.

VvV =(cu, ftt delivery) x 124 =92 x 144 _ =75,1

3600 x (areca discharze II") 3600 x 049
'mergy delivered raising injector water B.T.U. per hr.

(2 H') 3 7' = 5274,2 (234 2 3) 3 393,00 X 234 =1725.1
773
Fnergy delivered heating injector water B.T.U por hr.

(Q=0')=5274.2(105.,2=-C9.4)=42038C1.1

Inergy delivered veleocity of discherge B.T.Ue. per hr.
TS =£C60,1 x (75.1)° =6303.

29 x 7783 64,4 x 773

Total encrgy delivered =(16) 2 (17) % (13) 2 U'qy =
Cnergy supplied per hr. = T'(xr % q) =

SCZe0 (49076 X 07645  300.5)=460400,.,6 E.7T.U.

Cfficlency = 464601,5 =09,1%
460499.6

~ A\



10:07.5f 73.1
10110 | 75.5 |
10:12.5| 73.5
10:15 i 73.6
10:17.5 | 74.0
10:2 74,0

10:22.5 | 74.1

10825 | 74,2
10:27.5 | 74.4
10:50 | 74.5
10:52.5 | 74.7
10:55 | 75.0
10:57.5 | 75.1

| 20120 | 75.5

Average { 7349

E

150.2
149.9
150.2
150.1
151.0
150.8
151.0
151.8
151,8
151.0
151.9
151 9
152.1
_152,0
150.9

Tog of Resuits.

o [Foed |Delivery |

Tep. Temp.
Tino | PO | 8o | Roading of Tanls.

| =
9355 72.5 149.9 ’ [[Tanle [ Initel | Tinal
9157.5 | 72.5| 149.7 §i Feed ! 70.5 9.9 ‘
10:00 | 72.6| 150.0 :1 Dcliverﬁ 8.4 | 7407 |
10:02.5| 72,8 150.0
10:05 | 73.0| 150.2 Cu. £t. of water cupplicd =60.6

|
Fu. ft. of watcr delivered=C6.3

Ftem pressure =100}

Dolivery pressure =100:

e B Ukt me
Caloriniter Readings.
T T
: 1
liater 7
| Stoam |°enarated‘ Steen |7
fioe. | Pressure| #* | Pun Through |S t0m1
1 114 00| 3.6 t 7.8
2 114 .07 i 5.16 ! 97.6
3 113 .07 | .14 07,6
& Lvoraso,-— 07.63 |
i
|
I
—|







13.

17.

13.

Duration ol tesy =45 minuics.

Stean pressure {(P)=1007

Delivery prescure (P’)?loo#

Delivery head (H) =235.8 ft.

Suction head (11')=3 ft.

Terp. off supply (T)=73.9°7.

Terp. of delivery in tank (T')=142.1°CF.
Tbs. of water supnlied per hr.(W)=5042:"
Lbs. of water delivered per hr.(8.)=54C02.4
Cu. ft. of water delivered per hr.(C)=02.4
Tlet steun delivered per hr. (77')=280,.4
Dry steam delivercd per hr. (7")=371.97 _
Tater delivered per lb. of wet steanm =14,Zf
Tater delivered per lb. of dry stcam =14,7:

Voelocity of discharge in ft. per sec.=

X 144 = 22,4 x 144 = 72,2
5600 X .049

5600 (area of discharge
Incrgy delivercd heating injector waicr E.T.U. per hr.

V(1 % a') & TH'=5042 x (275,80 F 3) % 500.4 X £75.0 = 1663

773 773

Inergy delivercd heetinp injector woter B.T.U. per hr.
T(Q'=0)=5042(119-40,92)=303679 .4 ) ;

Inergy delivered velocity »f discherge B.T.U. por hr,

* 'n 0—
.T.T',p = 5422{ X _(724‘2‘1{"'—564 B.T.UI

59 X 770 6444 X 770

Total energy delivered =(16) 2 (17) % (18) 2 W'qy
=1663 ¥ 390679 % 564 2 580.4 x 119 =440674 L.T.U.
Fnergy supnlied =W'(xriq)=300.4(.976 X 276.5 1 303,5)=442735.68.T.

Tfficiency = 240674 =00,7¢
44273546



Temp.| Temp.
Feygd 1De%g\:'ery |

Time [ | Rceding oi” Tanls,

1325 80.5 ‘ 156.0 | Tenlk Inital Final
1:27.5 | 80.0 157.0 | Fecd 76.9 16.9
1;50' '79,6 15'7_.5 Delivery | 7.0 e

1:32.5 79,5 15’7’.0 .
1238 79:6 157,5 Cu, ft., of water supplied =60 .(?
1:37.5 | 80,0 157.5 |Cu. ft. of water deliverod =64.9
1:40  |£0.0 | 153,0 |Ctean pressure=1007

1:42,5 [80.5 158‘.4: Delivery pressure =100

1:45 80,5 153.0

1:47.5 | 80.7 158.0 Celorimeter Readings. —l
1:50 |01.0 | 158.8 h
Stean Viater Stean %

1.52.5 [81l.1 152.9  lo.| Precsure| Separated | Run Fhrough| Stoan |
1:55 21,3 158,9 [ 1| 11T 070 T.10 97.8 ]
1:57.5 |21.5 153.8 2 110 .070 £.93 07.7 |
2:00 21.6 | 159.0 3 109 085 2,06 97.9 '

. . LAY
2:02.5 |82.0 150.4 L e p—— - 97.75 |

| 2305 82.0 159.2
‘ s :

| 2:07.5 |82.2 159.0
| '

| 2s30 loo.s | 150.0

2
=
o
Q
.

fa ]

Averapge bo .







2. Stean pressurs (F)=120"
3. Melivery nrescure (?')=" O
4, Delivery head (i1)=2I5,.3 ft.

5. Suetiocn heed (H')=3 £t.

3

5, Tenp. of supsly (T)=00977
7. Tcap. of delivery in tole (T')=180°0T.
3. Lbs. of water supplled per hr.(T)=4077.6}
D« Lbs. of water deliversd por hr.(ﬁf)=5357,4}
1. Cu. ft. of water delivered per hr.(C)=36.4 cu. ft.
11, Vit steam delivercd por hr,(ﬁ')=579,8#
. Dry stecan delivered per hr.(")=IZ70.7:¢ .
15. Uater delivercd por 1b. of wet stoan=14.1:
14, Tater dolivered per 1lb. of dry stcanm =14.57
15. Veclocity of discharge in ft. per dec.=

v={cu, fi. declivered) 144 206.4
5600 (area of dischargC in sq. in.) 3$600
13.Cnergy delivered raising injector water B.T

T{(E T U] 3 TNI=4077.6 X £502,5 3 3570.8 X 208,3 =16350 E.T.U.
773 778
17. nergy in heating injector water B.T.U. per hr.

T{Q'=0)=4977.6(126.4=48,7)=5017C1.9 L.T.U.
13. Inergy dclivercd velocity of dlecharge B.T.U. per hr.

Ve =5557,4 % (70.5) = 5351.4 B.T.U.

—

23 X 770 6444 X 770

19, Total energy delivercd =(16) * (17) * (18) 2 T'ay =
16)9 ; ”’11731.9 ; Sl 4 ; 079.8 X 126 4 _4.,1.9 Oo2 B.TQU.

£0. Enorgy supplied ~"(Lr 3 q)"uvs.u X 076.5 % 500.5)=442077.2 D.T.U.
£l. Cfficicney = u19§9 2 x 100%97.7%

4432087 .2



ez cf Desults
: csultis,

Tern. | TomDe. -_T
Teaxd | Delivery Reading of Tanls,.
Tine F e
' Tenik Inital T'inel
3:ED 89,0 1¢2.0
’ ‘ Teed 02.6 Sl.1
3357.5 £9,0 169.0 ‘
Delivery 6.0 723
4300 £9.2 1J€9.0
4:02.56 0945 163.9
Cu. ft. of water supplied=61.5
4:05 G265 159.1
Cu. fi. of watcer Gcliverced=06G.0
4:07.5 097 169.0 .
Sticaa nrescure=100;
4:30 a0.0 169.4
: Tclivery prescure =10C."
4:32.5 90.0 16040
:
SHRR 00.2 169.8 !
' ’ Calorincter Roadings.
4:17.5 90.5 170.0 !
4:20 00.8 169.9 Steon Tater Stean < |
’ ‘ ‘ Ilo. |Precoure | Seporated Run Through|Steaon
4:22.5 ©0.6 170.0 I o :
: 1 110 07 5.0 07.6
4:25 20.6 170.0 ’
‘ c 110 07 3.00 27.6
4:07.5 21.0 170.2 ‘
o 115 <07 T.1C 07.6
4230 91.C 1692.8
‘ EVCPASC ymmm=== 07 .0
4:32.5 2l.1 169.4 j
4:355 01l.8 17046
4135765 91.5 16945
4:40 °1.8 1€9.7
Averego 00,3 160,




1l¢.

17.

13.

19.

Duarection of test=4Eainutce.
Steen nressure (I)=100:F

Telivery rressure{P!)=100:%

Q

Delivery Head(ll)=257 fcet
Suction iicad =5 fect.
Torm. ol sunply (T)=00%5 .

~ ~ oA 2 2 A peata ra A0
Tenp. of delivery in tanit 102.07F.

bs, of waeter supnlicd per hr. (T)=50C6.1

Cu. ft. of water delivered per hr. (C)=70.7
Tict steaxn delivered neor hr. (7T')=325.17
Dry steam delivercd per hr. (7" )=I2C.07
Tater delivered per lb. wet stca:=18,7#
Tatcr delivered per 1b. dry sican=14.1,

Veleccity of cdlscharge in ft. Tor sec.

V=(cz., £t. ¢22ivered) x 14-=00,7 x 1473572,1
5OGC (oroa Cloehergs i) 5000 X <040

nergy delillivered reising injcctor water E.Tl.U.

TE1 2 3') 3 U= E20641 X

1 Z‘L'r)ol X £3

20
770 773
mnergy delivered heating injector woetcr D,

T(0=01)=5C00+s1 (138.4 = 50.0) =T00435.5

Tnergy éelivered velocity of dischorzo DeTeUe

Uy? =Eeri.o ox (72.1) =054.7
S5 X770 644 X 770

Total energy delivecred =
(16) 2 (17) 2 (18) 2 W'qt=

16030&4 ; 09"485 5 l uu ; 395.1 X 13804 =

T. U. per hr.

458304.3



20. Cneirgy supnlied = T'(xr 2 a)=
595¢1(.9768 % 376.5 2 308.5)=452306.4
1. Efficlency=4503394.8 = 99.7%

459896 .4

Log of Regults.

lio. of! Feed Delivory Tater to
Test. T?mp. Tegg. Steﬁp

1 2 128.9 15.1

2 61.4 137.2 14.5

2 739 150.9 14.35

4 8C.7 158.2 14.1

5 0.2 162.C 132.7




Conclusion.,

Tho log of results show that an increcsce of feod
temperatures causes a falling off of ccpacity of injector.

This 15 ccused by the reduced vacum within the corbining tube.

Tests Mo. 2, T and 4,/seom to have ebout the risght
variation in copaclty, while teots lo. 1 end & show too groat 2
variaction in capaciuy.

The rather unpronorticncl fall in conccliiy in
tests Tle. 1 and 3, 1z duc to the fact that fthe taniic cculd not
be rcad with cnouch certainty as the rcadings wore effected no
snall ancunt by the termnerature.

Qur adviee in running lnjectcer tectic 13, never
use tanizs calibroted to reod volwie but taniic sct on scules s0

that tho exact weight of water cupnlicd end delivercd cwi be

rreished.
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