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Tests of the Efficiency of Steam Separators.,
Unless steam is passed through a superhesteg after it leaves

the boiler,it will carry with it & certain emount of entrained water.

The violent ebulition in the boiler thiows more or less water up in
the steam space as sprey,and some of this is earried along with the
steam. Besides this,there is a certain emount of water in the steam
caused by condensation in the pipes before it resches the place where
it is to be used. This water increases the initisl condensation in
the eylinder,and if there is a great deal of it present ,may ceuse the
cylinder heads to be blown out. To get rid of,s0 called "Steam Sep=-
erators” are used. These depend for théir sction upon the fact that {
the water is several hundred times as heavy as the steam,and when the !
direction of flow of the steam is quickly changed,the inertia of the I
water carries it on out of the path of the stesm into & chamber where
it can be drawn off. Ribbed plates ecalled baffles are usually used i
to collect the water emd direct its flow. f
In our tests of the effieiency of the separators,the "quality"”
of the steam,or the percentage of moisture it contained,was determined |

before it entered the separator,by means of a separating calorimeter,

and after it left the seperstor,by means of a throttling caloriméter,

or by mesns of a "Barrus" malorimeter.(All these instruments will be

deseribed fully farther on.) Knowing the initial end final quelities

of the stesm,the relative amount of water removed by the separator |

cen be easily obtained. The efficiency of the separator is She RESLa

of the smount of water removed from the steam to the total amount

cerried by it before it entered the separator. For szamples ol

quality is .95 before entering the separator and <88 SEVOE eAY S

1.00 = .98 <07 ?
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cerried about the same amount of water with it,it was necessary to

be able to vary the initisl quality by artificisl means. Two method

ol

were used. Th the tests on the Bajum Separator,numerous smell jets
of water were directed on the steam pipe,and for the tests on the

horizontal separators,a water jacket wes provided for the steam pipe

The Baum Separator was installed in the steam pipe of the eight
H.P. vertical engine of the laboratory and no modificgtions were made
in the arrangement except those necessary for varying the quality of

steam and securing a fair sample. The method adopted for varying th

()

quality is elearly shown in Plate I. A I/2 inch pipe about 4 I/2 fé.
long and perforated with 25 I/8 inch holes spaced 2 inches apart was
supported by elamps about I I/Z inches gbove the steam pipe. This
was connected by & rubber hose to a water cock which supplied the
necessary means for regulaeting the flow of cooling water. The waste
water was caught by a wooden trough hung under the steam pipe and
carried to the sewer by amother hose.

The steam pipe was drilled abdut 9 inches above and 2 inches
below the separstor and tepped for a I/2 inch pipe. After the samp-
ling pipes were inserted and calorimeters connected as shown in the
plate,all connections were well covered with wool to prevent con-
densation.

Po test the horizontal separators the system of piping shown

in Plate o was instelled. Attached by a short nipple to the steam

mein is a quick-opening gate valve. Below this on the vertical

section is a water jacket made of 4 inch pipe with 2 cast irom cap

: : : d
at the bottom. The top is left open. The jacket is drilled an

The lower opening was usually .

tapped st intervals for I/2 inch pipe.

As the steam at our disposal was comparatively dry,and alweys |
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~used for the inlet for cooling water while the other three were used
as outlets for waste water. The amount of steam condensed was reg-
ulsed by attaching the waste hose higher or lower on the jacket,and
and plugging the remaining holes;also by the regulation of the inlet
valve. The maximum depth of water jacket was thus about 3 feet whil
by atteching the waste pipe to lower hole and the supply pipe to the
second the minimum water jacket could be made about 3 inches. The‘ﬁ

aveilable range in initial quality of steam was found to be from a-

bout x =.860 to x =.990.

In sddition to the separator fittings there were placed on
the horizontal length of pipe two 2 inchx x 2 inch x 3/4 inch{
Tees,one on each side of the separstor. The sampling pipes for the

calorimeters which were in this case plugged and perforated were in-

serted through 3/4 inch x I/2 inch bushings in the 3/4 inch openings

of the Tees,and extended to the center of the steam pipe- The Teef
ot the left of the separator (as shown in sketch]} was &lso drilled
end tapped for & pressure gauge which was necessary td complete the
date for the threttling calorimeter.

In the vertical pipe which extended through the roof there
was a 2 inch gate velve regulating the flow of steam through the
separators.

A I/2 inch drain pipe with globe valve was led from the
bottom of the separators through a floor plate to the sewer. It
served thus as a support for the separator and piping system besides
dreining the separator.

Three kinds of sampling pipes were used,&s follows: I. open
at the end,unperforated and extending to the center of steam pipe;
2. plugged at the end,perforated with about 48,I/8 inch holes and

extending to the opposite wall of the steam pipejand 3. plugged and

perforated as before but extending only to the center of steam pipe.




il

drewing. Plate 3. The first two were used only in the tests on the

Baum separator while the latter was used With both the steam Appli- |
ance Co's Separator and the Hine Eliminstor.
The Separating Calorimeter by which the quality of the steam

was determined before it entered the separators is essentially &

separator so arranged that the water taken from the steam can be

measured by means of & scale on a geuge gless. The dry steam is led

to & tub of water on the scales and condensed. Knowing then the

SR )

emount of dry steam and the amount of water in the steam, the qualiﬁy
of the steam is obtained by dividing the weight of dry steam,by thef
combined weight of steam and weter. TFor exaemple: If the amount of J
water separated in & test is I0.5 oz. and the steam condensed in thJ
tub é%:;égggjthe seme time is I42 oz; then the quality of that sampfe
is  I42 |

142 + 10.5 =.931,

Plate 4 gives a sectional view of our separsting calorimeter.

i
Steam enters through a half inch pipe which extends about two and & |

helf inches through the cap. This pipe is plugged at the end and f
bas in it numerous smell holes about 3/32 of an inch in diameter exw
fending downward at an angle of about 60°. Around the bottom of this

Pipe is a flange which helps to keep the water and steam from cgi=. -

ing &n contaet after they are once separsted. The water chamber con
. 2 s |
sists of & 2 inch pipe capped at the bottom and extending to within |

gbout 3/4 of an inch of the top of main steesm chamber. Legs on the;

bottom cap prevent the water chamber from interfering with the flow

-~ : > i ipe
of the steam. The main chamber consists of a plece of 4 inch pip |
!

i I/2inch inlet
capped at both ends. The upper cap is tapped for & /
A valve in the |

Pipe,and the lower ome for a I/2 inch outlet pipe. :
i of the two cham=-
outlet pipe regulates the fhow of steam. The sides T
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the water chamber,and at the other end are comnected with a gage glas
Around the steam chamber is a packing of animal wool about an inech |
thick,enclosed in & galvanized iron cylinder. All openings in the
ecylinder are soldered,so it is air tight.

The eaction of the separator is as follows: Steam entering
through $he inlet acquires s downward direction in passing through
the holes. To pass over the water chabber the direction must be re-
versed,and in so doing the water is thrown out and collects in the
chamber ,while the steam passes on to the outlet. Here it passes
through the valve amd by means of a rubber hose is led to the tub
of weter and condensed.

A sectional view of our Throttling Celorimeter is shown in

Plate 5. It consists of a 4 inch pipe capped at both ends,sumrounded

by & layer of animal wool enclosed by an air tight sheet brass cylin-

der. The upper cap is tapped for a half inch inlet pipe,a I/2 inch

thermometer cup and & 1/4 inch pipe which is connected to a manometex

tube by means of a piece of rubber tubing. The lower cap is tapped

for a I inch outlet pipe which leads to the open air. The flow of

steam is regulated by & valve in inlet pipe. The pressure and tempel

sture in the calorimeter can be read by meens of the manometer and

thermometer. The pressure above the inlet valve is read by & gege 01

the main steam pipe.

The theory of this calorimeter is as follows:- The total

heat of stesm at & higher pressure is greater than thet at a lower

pressure,and very little if any heat is lost in passing through &
Hence if the pressure of the steam is reduced,it

reducing valve.
However if there is moisture

will superheat or tend %o superheat.
€ taks

in the steam,this must all be evaporated before superheating can

depend directly on the amount

phace. The amount of superheating will

xtend through the stesm Space Imto |
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of water in the steam.

If =

pressure above reducing valve;
heat of liquid at pressure P;

heat of vaporization at pressure P;

H

pressure in calorimeter;

total heat of steam at pressure p;

= temperature of vaporization at pressure p;

H| e B R
i

= temperature in calorimeter,

then the amount of heat in the steam before passing the valve equals
the amount of heat in the steam after passing the valvejor

XR + Q@ =hee{ T =t )

. bhec(T-%}=-9Q
g R

If the gage pressure in the steam pipe is
pressure,lf Bage and calor-

15.14, h = 1147.0, t = 214,

For example:

68§, barometer reading 14.1f, calorimeter

]

imeter tempersture 264°F,then B = 82#,D

Then
1147‘1 «48({264 = 214) - 283.2

X =
894.4

= 993,

ase on fairly dry steam as,if

The calorimeter 1is limited to
+ will not all be evaporated and

there is too much weter presemt,l
smount of water allowable

there will be no superheating. The exact
varies with the difference in pressures P and p, end for ordinary

pressures is about three OTr four per cenb.

The Barrus calorimeter is deseribed b
ate 6) shows the general feal

,88 indicated,which are

ures of

"The accompenying eut (see Pl
Tt consists of two perts

the instrument.

o UL LY

y the makers as follow

o N WL YT
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named the 'Heat Gauge', and the 'Separator'. The Feat Baiee ié i

first to receive the steam from the supply Pipe. Having passed throI
this portion of the apparatus,the steam emerges into the separator,aid
from this péint it escapes through the side outlet to the atmosphere+

The Heat Gauge consists of two chambers Separated by plate containiné

sn orifice. The two chambers are bolted together,end between the
surfaces of the plate and the flanges,nonconducting material is placéd
to intercept the conduction of hest from one side to the other. The
temperature of the steam in either chamber is obtained by mesns of a |
thermometer placed in a cup,in the manner shown. Redistion from the
exterior is prevented by surrounding the whole with & metal casing,

the intermediate space being filled with nonconducting materisl. The‘
Separator consists of & vertical chamber in which the entering tube |
pesses to & point near the bottom. The water contained in the steam
drops to the bottom,and is there drained off through the regulating

cock placed at the lower end/"

It can be seen then that it consists essentially of a com-

bined throttling and separating calorimeter. In our tests the sep-

erating part did not come into use,for the steam wes dried by the

Heat Gauge.
The method of obtaining the quality by the heat gauge 1is es

follows:= From = table,the reading of the lower thermometer for dry

end saturated steam corresponding to the temperature of the upper

thermometer is obtained. From this is subtracted the asctual reading

of the lower thermometer,snd the result is the cooling due to moisture.

{ci i & ter in
This divided by & tebular coefficient gives the smount of wa |

‘bhe St eams*
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The tables are as follows:w

Teble L.

Temperature shown by Upper
Inermometer.
| Deg. Fahr.

280

290

300

3I0

320

330

340

350

360

370

380

Table Z.

Temperature shown by Upper
Therm. Deg/ Fahr.

280

300

320

340

360

380

Normel Reading of Lower Thermometer

Deg. Fahr.

250
256
262
268
_74
280
286
292
298
304
310

Coefficient.
2I.8
2I.5
BvkE 21.1
20.8

20.45

20.2
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For example, If the upper thermometer reads 310°F,and the
lower thermometer 223°F then from the table,the normal.reading is

268,and the cooling due to moisture is 268 - 233 = 35°., Dividing

| this by the tabular coefficient corresponding to 310° or 21.3 we get

|
l 3654 21.3 =1.8% of moisturejor x=1 - .01l8 = .982.

Three separators were tested. The first wes of the vertical

type,inlet and outlet 2 inches,made by the Baum Separator and Machin
Co.,0f Reading,Pa. The separating action ig due to the fact that th
direction of flow fo of the steam is suddenly changed from vertical

to horizontal,over a ribs or baffles which ecateh the water end direct

its flow.

The second set of tests were mede om & separetor built by the

It was of tae horizontal

i % . - = :
It Steam Appliance Co., of Molwsukee,ilsconsin.
a ‘

| |
. type,withn2 inches inlet and outlet. Im it there were Three sets of

between which the steam was compelled to pass

baffle pletes around and

| on its way from the inlet to the outlet,the direction of flow being

ﬂ reversed several times. The last tests were made on the Hine Elim=-

inator ,horizontal type,2 inche inlet and outlet,sold by Jas. L.
Robertson and Sons of Hew York City. In it the inlet and outlet are

| near the top of the separstor,and extending down between them 1s &
| ribbed disphragm,underneath which the steam must pass. The walls of

o ribbed to aid in the separation.

the chamber are als
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DEPARTMENT OF MEC/—/A/\/\/CAL EncINEERING K. S. A C.

MaDE AT A5 A4 OBSERVERS:
On_ BAauM SEFPARATOL R’M/NG LOG. L
Pe Mar P LTI THROTTLING CALORIMETER T M WHIPFLE
: 7 - A SEAZ7ONM.
BAROMETER_E£8.65 IN {7 Aihilips
Pressure in Steam Pipe. Heat ) Heat Calorimeter Pressure. . Temperature Calorimeter. Degree Quality
Noy A, . L | aporiaio Hon. : ; i o Hemarts.
Gage. G : ,a 1 Gage. abs; g)())l;‘fg}:)i;:ﬁimg Thernl)%{net i B e
» q 7 = By A1 i Py ff 7 ti—b (i
/ Aol 6 7 /.0 ] e
J3 68 /0 =T
i DD 69 | /-0 220
57 69 /- 0 238
Ly o)l 67 Bl /- 0 L33
= 70 /-0 2L
O ST e e 238
[o 5] 7.7 /- O £38
o7 66 /.0 238
Av= 69 83 284/ | BES3 7 /-0 TAOIY | II27 0 | 223 2359 £Lé L0

R s st i

123456




IEE ADTMENT OF EC
H o4 C

MADE AT

ONEBAUM OLELARATOR

DATE. AMA )V 2PFE, /P OZ

| Scale reading.

Amount

PRIMING LOG.
(SEPARATING CALORIMETER.)

OBSERVERS:

T s e, e
AT S e g

LN Al ENGINEEBRINE K S A ¢

Weight on scales.

Condensed
steatn.

| Quality
‘ of steam.

Remarks.

Time. |
No. ofewatert lie=im==
Start. Stop. Start. Stop. | in steam. Start. Stop.
0%. 0z 1bs. 0Z. | 1bs. 0Z,
S S/ T Eie7. 2o 726 | Jos lia -5 jee - 7|E = el iows | Fepraiar b SArmr Ne.
£ 227 Al 200 | 2oAa | A ST e 069 = T 2T .99/ FPIPES WITH ENDS PLUGECED.




DEPARTMENT OF MECHANICAL ENGINEERING K. S A @

MapEe AT 1S AC OBSERVERS:
ON BPavm Srcrrpaparor. PRIMING LOG. /T ASEATON.
Date May. 3isr /904 i THrROTTLING CALORIMETER. SHELWHIPPLE .
BAROMETER_R8.7 ING A e e
Pressure in Steam Pipe. e el o i =
- . p I'-I((:fa't H(?faﬁ Calorimeter Pressure, S Temperature Calorimeter. Degfme Quitéity ‘
st Abs, Liquid. Vaporization. A Hoat, Corresponding By Superheat. Steam. Beman By
& ) q T Gage. » Hin to Pressure p,| Thermometer. ity .
¢ 1 t, L
L R .40 &vi S S RS9 8 R Enging
42 69 ‘ 262 .
4 63 Iy 263 Noloap -
e n R '
48 58 L. 245 o Cooling WATER
50 69 /i Ré6
ey 7R L 266
.54 75 / LT
Ay = 68 S8R R832 | 8944 i /5 e A RN Rb4. 50 993
2 309 &4 7 ARI NO LoAD. il
/! b5 / AI19 COOLING WATER,
s ) 66 / 215 ;
i /5 &7 i 21y
17 64 i 220
119 57 / RAZ
2/ 69 /i RR4
‘23 Tl kv RA4
el a8l 2823 | 8950 Tk i3/ Al 2 221 7 970
3| 3.49 55 / : R49 No L oAar Harr
el 57 / s P 2o COOLING WATER
“9:3 59 / Lo A38
e 4 ‘ -
i L5 59 0 i 252 No—
______ g9 49 / 252 SERIES SAMPLIN
_________ A4.0i 55 0.9 AD.3 FPIPES WERE PER—
o a3 53 i a3 FORATLED AND
ik .08 5! /i iy VI 2924 PLUGCED ANTD
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S S g 51 ik y O POSITE Wrdli 0F
ol Ay S Sa 69 202 902 Ly / 5./ Iz 0] Dyg 245/ i \990. | STEAM PIPE,
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PEPARTMENT OF MEcHANICAL ENGINEERING. K. S A C
MADE AT __ /( 9..A Cq__ _—

ON_ BAUM SEPARATOR.

DATE . M A TISE /904

No.

Time.

Scale reading.

Start.

Stop.

Start.

Stop.

Amount
of water
in steam.

IR~ )

WDy

oz. |

0Z. |

e

PRIMING LOG.

(SEPARATING CALORIMETER.)

OBSERVERS:

Weight on scales.

Start.

Stop.

steam.

]
Condensed i

Quality
of steam.

R.AScaron

- S WiEsLE.

Remarks.

Tos. oz.

1bs. 0Z,

gy -3

ROR - 4

Y

993

3. 04

o

P B4

RO4- 6

L AT

349

2

09

195 5
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Date

5=16

" "

" "

n "

5=23

" L]
" "

" "

=24

n

=31

No.

L5 B S - T R <~ B o T

18

o

Initial TFinal Initial Moisture EfF.

Quality. Quality.Moist.

«991
993
«994
«991
«994
;990
« 983
974
« 9889
;984
« 978

Efficiency of Baum Separator.

2931

. 991

« 993

«924

.965

e g s TR S e -

996
«99%
.996
+995
.995
.994
.978
973
« 98U
.981
.985

«980
«992

«993
<970
«9290

009
;007
006
«009
«Q06
;010
017
026
<0l
;016
;022

« 069

«009

.007
«076
035

removed %.

«005
004
« 002
;004
001
Q04
«0Q05
« 001
;009
;003
;005

«049
«001

+000
+046
«025

Remarks.

T perforated and open

h at end. Probably

r csalorimeters did not

o get fair samples.

w

n Sempling pipes

Q

u same as
above.

i Sempling pipes
11  plugged and per-
forated,extending
0 to opposite .
60.5 wall of
71l.4 steam pipe.

Sampling pipes un-
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TERARTMENT OF MECHANIEEL ENENEERING € & A ()

MADE AT A5 A0 OBSERVERS:
ON _S7ram ArPrLisner Co' SEPARATOR PRIMING LOG Felss :z/?/_/j:\/VSEA ZON.
DATE June /37 /802 THROTTLING CALORIMETER. e
BAROMETER. £ .9 IN /4.2 [ Bs.
Pressure in Steam Pipe. Heat Heat Calorimeter Pressure. e Temperature Calorimeter. Deoies Qiatsy
: f f ARG el fota n-
No. Time. 5 Abs. Liguid . Vapmgza,t.ion. AL Hea. Corresponding y Su ptg'jilea,h. Sl;czfm. Remarks.
age. o " i Gage P o to Prestssure Py Thcrmtometer. i T
/ 2:00 59 SR, R49
02 i /i 250
04 &0 = s 252
.06 61 h B
08 60 L 254
NZ8) 60 0 L. LR
/ﬁ 58 /. i LT ¥ 2.55':
)4 60 / 255
Ay = 59 73 275 900.1 7 /TR i3 | R4 253 3.9 g 70
= 2. 28 42 ! 246
5650, 63 /i 249
a2 61 / RS2
34 I8 / ASR&
236 55 L. 2’5’/
. 38 I35 L 248
Av = 39 73 2781 900.1 ] /¥ 2 e 2 /4 250 3¢ 288
5 3:00 58 / 242
02 60 i DA 24-2
Rl ST I = e / b 246
06 60 / 252
08 58 / R454
110 58 i e A54
12 60 / 253
s 60 [ e j 233
Ay = 59 73 2 s 900 /. PSR ey ] 214 250 36 .988
i 3:27 60 i 244
42.0 59 / 248
L1 i8 V. 249
)5 a8 / a5
35 59 I i 25/
A7 59 /& 2.5
by :39 59 /i 2 45
i Ay = 39 73 2756,/ 900, 7z 152 ey 24 | 25y 3y 9289
193456




DEPARTMENT OF MECHANICAL ENGINEERING, K. S A C

MADE AT A5 AaC i OBSERVERS:
ON _S7EAM APPLIANCE CO5 SEEPARATOR MING LOG. S 2 A Searon,
Dare Lyne [/F7m /904, THROTTLING CALORIMETER: -
BAROMETER__ 29 IN (4 A L Bs.
Pressure in Steam Pipe. Heat Teat Calorimeter Pressure, e Temperature Calorimeter. Do e Quality
; of £ — Ol o of
No. Time. e ke Liquid. Vapox‘?zation. Ao e Corresponding By Supe(rli}enb. Steafm. Bomazlcs
ge. P q 2 Gage. ) i to Pre?ts ure p, Thel‘mg)mcter. G .
3 355 a8 e i) PR
oWk 62 / i 250
2 W9 61 AL, : R63
401 60 e / it i 2SS
03 38 . / e RAS
05 ob / R4
Ay = 59 73 2751 900 L. /52 /147/ R 4 253 39 990
AR :
i i
6. 4 g 55 / _ﬁ_j: 247
e 37 / LB, 248
‘RR 28 / A49
R4 28 / RS0
1Ré 38 / b 250
LR8 Jé - / R50 : ¥
Ay = 37 7/ 2732 90/4 / /52 Ly | R4 24-3 35 387
g T 240
149 53 / 242
S5/ of 4 / i 242
: 53 32 /el L R42
158 52 / B f 242
87 35 / L aes L BN Y 44
B P 48 proa [ oods WUAEEIRE S e T 2 T 258 | 984
Ml Dt Rl et | |
' |
S s g Uk e i 249
A 7 - SR T Y o) L 3 E R54
SR 60 L / il i 233
w7 64 ] U3 S Sl (¢ A5/
S} /b &6 i [R5 A1)
LiE /8 = o) Zoc e s rY-) )
Ar = 43 77 R787 | L8975 S0 B SPT Lyda 214 253 32 9290
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DEPARTMENT OF
MADE AT A S A.C.
STEAM APPLIANCE COS SEFARATOR.

ON :
DATE __ Juwne /3

74 L D04

PRIMING LOG.

(SEPARATING CALORIMETER.)

R A ScaTon

MECHANICAL ENGINEERING. KS A0

OBSERVERS:

. HNAIIPPL

Time. ; Scale reading. " Amount Weight on scales. G ‘ :
No. — of water NS ondfmhed Quality Bomails
Start. Stop. Start. Stop. in steam. Start. Stop. seat; Of Stoaln
oo r_ T TR oz | Jos. oz T
| - v 2
B T e - 5 R (e {01 e B RS 18 AR R 7-9 924
2 228 2:38 28 | g | gRL RIS TS g g8 3 Brige Ll gl | ) 1
) 3,02 B4 YA 200 ). G V80 = o YRBA = ) D 2 . & .99 4 L
£ 527 3.59 L0 - N e N TR B o L R D 8 - A 989
5 3.:67 2405 b9 9.0 | A5 ilyms- 2 jeys g 1 -/2 084 g SR
b 4°/8 4:28 3 2000 L, |28 - 4 | 190 - R (4 - /4 971
e A45 A R e B N v B ST ) S 8 oy 917
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OBSERVERS:

DEPA/?T/\//E/\/T oF MECHANICAL ENGINEERING, K. S. A C

MAaDE AT /( 5 A. C, BRIMI
ON ST EAM ALPL rancE Cols SEFLARA ro/? NG LOG. &4 s 7
DATE 'L]-(//VE /., [ 9 O THROTTLING CALORIMETER. T // WH/‘;P/;A;
BAROMETERM/N /L2 |Bs.
Pressure in Steam Pipe. e A ‘alorimeter Pressure. "emperature Ca 01‘ime:',;. ____,_“_, : 15 :
No. Time. _p Lf%lflii]. Vap:gf/::tion i _t—ﬁ—_—iw_u (11}253.1 (,1 . t. = t Dhgl} . Qu?;%l“ Remarks.
| Gage. 1;;03. q q.‘ ' Gage ATE)'S' i L?ﬁeﬁ%mﬁlﬁ Thepm;:%xetcr. Su;n‘e_r—l;?at. Ste;m
/ |/0.35 60 /./ 298
I7 I 9 L 249
39 6 3 e 227
S/ 67 L) 246
43 6 3 0.2 227 ¢
25 58 ) 0.9 227
Ayrv. =l 62 A N T e R .3 . 985
2l 7o eo i B 222
JZ 62 Sk LF 2
I4 (M /. O 244
36 -2 /.0 eF 3
38 &6 i) 2 3
Z0 6% 1.0 ol 245
Av.=| 63 77 298 7| K975 L0 /5.2 | Il F#T7/ | 2/F |24 F Jo | .9
J I 20all 75 /.0 250
02 T A = 2.5
L g Nz o)) /. O <SR
o6 |- 65 0.9 250
o8 &5 /. O i 250
/0 | 68 : VA ) e TR i 250 !
Av.=| 69 8.3 284/ | 893.7 | /. O /S 2 ey b 2dd | 250 Jé .98 5
4. 1250 e , 7 : i 247
32 | 68 ‘ b 245
e a 69 /.0 i 248
JE6 69 i /1.0 U 248
38 68 /.0 249
40 6 9 /.0 & o | 247
A~ 69 8.3 282/ | 883.7| /.0 /8.2 |\ /247 [/ 2[4 | 248 IF | .984
— 193456




DEPARTMENT oF MEcHANICAL ENGINEERING, K. S. A C.
5 A

MADE AT

skl

M OBSERVERS:
ONSZEFAN AL tANC E Co.s SELARATOR PRIMING LOG. e A 5o
DATE JSUNE /‘4,. /PO £ THROTTLING CALORIMETER. T A WHIPPL E.
BAROMETER.__ £28.2 _ IN /4.2 [ Bs.
Pressure in Steam Pipe. Tleat R Calorimeter Pressure. T Temperature Calorimeter. Degree Quality
i f — oL : 0 of
No. Time. o o Liguid. Vapot'{;'f/,ation. AT A Corresponding By Supm-rhea.t. Stczfm. Bk
age. P q i Gage D, i o P;-e;‘,fure fon: Thermtometer. iy o
J 3. 00 68 /.0 242
02 70 L) P25
o4 7/ i 245
06 22 10 LRE
o8 | 68 0.9 = 227
/0 Z7/ ) /.9 248
Au= 70 S £ 2850 | 883/ | [ 0 (5.2 | [/#7/ | 2/F | 246 g2 1983
& F g0 70 A7) 2426
T2 66 0.9 229
3 F 65 /.0 )
Jé 68 /. 0 250
38 T L 2239
Z0 Tk [0 L2
Av = 69 B3 284/ |893.7| /.0 5.2 /27 2l F L eaT FJ 984
7 400 =i a.9 227
02 &7 0.9 ; 295
o4 66 Lo e 228
o6 66 7:.0 2.5 0
o8 &5 i) 25¢
/0 68 L0 i e 229
6 7 &/ L8823 | 885 .0 /ana. 22 | )T S 2/2 249 .5 . 989
193456




DEPARTMENT oF MECHANICAL ENaGINEERING. K S A C
A S A C ' OBSERVERS:

ONSTEAM APLPFLIANCE Co.5 SEPF
DATE JU NE / 4_,__[ GO+

MADE AT

PRIMING LOG.

(SEPARATING CALORIMETER.)

A Wigprg e

ime. ! ing. I i Weight on scales. i .
e Time | Scale read | :F]\l;:ﬂ,gf- WS i CiEhtion 56 Caratoit Quality e
Start. Stop. Start. Stop. I\ in steam. Start. Stop. Stea afptoam.
oz oz | 1bs. 0Z. | lbs. OZ.
vASE T /025 ¥ g A lse - | B oo - 2 |iors
2| MG /1. 20 ¥ | sl agp NN N e 2 o o
J Lro00 2. 08 Go | &5 | S GWPE g | 5P g - sz | ..S70 | Pt T
-2 2. 2O I ) ez GFE -G 4y -y | 7T~ &5 | .99 R R ey i
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= J 30 F . Lo Foo e AL b i o | Gy - ] ese | L e
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6-13

n
n
"
1]
n

n

Em=ld
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"

Ko«

@ =N o o, P B

=3 i o e L

924
«923
« 984
;989
;987
;971
<917
;953

973
«978
« 970
;969
962

«963

« 967

«990
«988
.988
«989
«990
«987
;984

« 990

» 985
2983
«985
984
.982
. 9856
«985

Initial Final Initisl

Quality Quality Moisture

+076
077
066
«011
;015
;028

083

<047

«0R7
082
«030
«031
;058
037
033

Moisture

Removed

+066
065
«054
« 000
4005
;016
«067
« 037

012
005
.015
<0156
.02@
.022
.018

Eff.
%
87
84.5
82

44.5
22.7
50

4844
52.7
59.5

54.06

Remarks.
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DEPABTMENT OF MECGHANICAL ENGINEEBING K S A C

MABE. AT v e B o R s OBSERVERS:

PRIMING LOG. fo el e ,
S A WHIPPL F.

ONSINE LELIMINAT OR (SEPARATING CALORIMETER.) L5 G SEAToN

Date. JUME 15, /IOL . |

Time. | Scale reading. Amonnt | Weight on scales. . _
: of water Condensed Quality

No.
Start. Stop. Start. Stop. SR Start. Stop. o BN

Remarks.

1bs, 0Z. | lbs. 0z,

0z 0Z

B B0 €5/ Zo | Fos | 225 s - 9Wpz - 8/ - 5| .987

5 0/ T A0 ma | eoiliEe s eiEB s 7 - 2| esee | ¢ A o s
J.0
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DEPARTMENT OF MAaSNANICAL ENGINEERNG K S A C

A 9.4 6. TN OBSERVERS:
MADE AT 7 PRIMING LOG. ey
o M JMINATOS ( SEF’ARlATING CALORIMETER.) & %_ /1.4“52‘7:2/;'/;&/\/5

DATE . T UNE e /B OLZ LS e

Time. i Scale reading. Amount Weight on scales.

of water e Co?tdensed ,(%ua;lity Rebichs.
in steam. Start. Stop. steam. of steam.

Start. Stop. Start. Stop.

s T RTIE  i | R rE o | Tos. = ——
iy 2,03 osprn. | 729 /26 | 6.25 187 - /altes - 7215 -~ 75| .99
2 e S. 23 P20 irm L5 iee Blla- 7 2 pea e e

BArrvs CALORIMETER. " " R

NO.| _Time  UrrER THER. | NORMAL | L @WER THER. | CoorLine| Corr \Guarsrs
/ L0053 28 2°F e ; 2/2°F e
05 28 £ : B 2/

Q7 : P SN g R - , L L T s e s R TR S Ol
o9 28 F e a7 g 4 :

e // 2835 5 s 2/5 g D
= /3 253 b : R e e s i e e S ey S . i
L3 232 LS R s S
L7 SR A i , - el i Sl R
Av= 283 L B2EE _lere 38 2L 7 , 983

el P eey 2 72°%F e - lzoo°F _ ) : dalie
e L 272 e WATER ORIPPINGFRONM

J5 272 _ leoe
37 270 Ty 209 ; SELARATING FPART OF THE

= o SRR e = P R e iy o SR ol T e - N
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ety R AU 2GR i e W | e
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DEBARTMENT OF MECHARNE & BhciNEERINe K S A O

Mape at_—_ A ALC. OBSERVERS:
On » - i ) . PRIMING LOG. Nt RASEATON
DATE. _ June /87w /904 ' THROTTLING CALORIMETER. JH WHIPPLE.
BAROMETER_2885 [N [ 4 LBs.
Pressure in Steam Pipe. Heat Hont Calorimeter Pressure, Temperature Calorimeter. Deoree Quality
No. Time. Li of A AOTY = G ;[{Zﬂl 3 of of Remarks.
Abs. iquid. Vaporization. Abz i Corresponding By Superheat. Steam.
Gage. » q - Gage. ) i T to Pr‘e;}lsure Dy Thcrm;:meter. it i
/ 146 59 0.1 A 32
48 I8 o i 233
130 37 0.1 2 32
SR 87 0. 1 L 230
.77 j8 0./ RAS
‘56 48 i 0.1 AAT
(58 35 0.1 226
2100 57 Q.1 224
Av = 37 7/ 2732 | 904 0.1 /42 [I46 0| 210 2289 /9 .298
Rl RS 53 0.1 229
L4 52 0.1 R A9
/6 JR & 0.1 2R9
-] J3 0./ 2 A9
(RO 34 0.1 2 P R29
(R2 54 0./ 2A9
24 bR 0, A30
26 J ' 0. J 23
Ay = 527 cd7 269.0 9042 PE R s R2/0 2293 193 280
S Iy 0./ e R28
i) 54 il 0. { R e B RR9
vy 36 R s A2 9
43 I8 0./ e 3 AR9
Yy 60 0./ M i ARS8
g 47 a7 o R A AA7
49 53 0. s A A9
Av.= 56 20 RB7RAA | 9021 ol Wl e /1460 210 2ARr&4 | /84 278
4| 300 §l 0.1 . ARS8
‘D2 59 o ; gk RR8
e e 97 e gt 229
08 | 335 . o7 230
[08 35 R 0 ) B R30
- 35 0.1 230
R J 6 0.1 i 229
37 Z/ R732| 3014 OV TR /1460 | R/0 AR9 /9 278




DEPARTMENT OF MECHANICAL ENGINEERING K. S. A C.

A mA e OBSERVERS:

MAape AT - |
0. ~ e PRIMING LOG. RA SrcaTon
Date. JuNnse I8TH /1904 THRoTTLING CALORIMETER. SHWHIFPLE.
BAROME TER. R85 iy e [ Bs.
Pressure in Steam Pipe. Hent Eoar Clalorimeter Pressure. i Temperature Calorimeter. Do Qualiny
No. Time. of OE) 5 10?3‘1 : of of - Remarks
Ghae Ahs! Liquid. Vaporization. e Abes Heat. Cor.respon‘(}ing By ; Superheat. Steam. bt
P q s 2e. P i o Pres;lsm:, P Thermt(:meter. g o
b S| s el 52 0./ 229
s “*+ 7 0.1 a30
ST <% 7 0. 1 2. 32
s Dk P Re) O | RIE
.29 il Q'l Rie
134 A \ S0k 23
Av = J0 64 26028 906 A4 N0 Il el G 0 2000234 2 982
b 3:40 5/ | R29
1 ) (61 ] 229
i g2 0.} 230
L 46 53 0 230
‘48 54 O. 1 30D
v53(6) A4 @il 3 et
Av = 53 7 2693 | 2040 | 0| [4A 1/460 | 210 229 19 280
7 | 4+ 04K~ | 49 0. 1 21y
) 50 0.1 A LA
.09 50 0.1 2. /i
i a2 Al D
s, 52 0.1 2050
WiaE “& Ol AL )]
v <7 Q.1 Sy PNt
219 =429 Oy Gl . A0S
Ay. = 495 636 RARLA8 1 90858 | 0 ) | |43 | lid4é60 | RAlD 2l ( 912
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MADES AT Saas

ONSTLINE ELINIINA 70/

Date__ JUN 4@745, 7/ GO+

Time.

Stop.

.:?00

e

AN )

Scale readmg.

Amount

DEPARTME/\/T Oz /V/tLHA/V/pAL LN
Al Al

F’R/MING LOG.

(SEPARATING CALORIMETER.)

Weight on secales.

OBSERVERS:
L s e,
k 453 id;ﬁé‘d%i

GINEERINGE N9, A ()

tet of witer |- o Condensed Quality
‘ Start. ‘ Stop. | in steam. Start. l‘ Stop. oA Qristoan.
l —_—

oz. —.E i T lbs. 0z | lbs, 0z,
Silac . S AR _-‘ ARl R R i SN - VS
| z‘(___,o“ S sk T ST . 985
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Efficiency of Hine “-Eliminator-;
Initial ¥inal Initial Moisture Eff Remarks.
Quality Quality Moisture Removed % Final quality
teken by
.987 Q13 «002 0 Barrus
f984 «016 «000 0 Calorimeter.
«982 .018 »000 0
« 939 .061 044 72 Final quality
. 860 «140 ;124 88.5 takenb by Barrus
3 . . . Celorimeter. |
1. .9686 «978 «015 ,007 O Finael quality
2 4980 .‘980 .020 .000 O teken by Throttljjng
3 ;975 ;9?8 ;027 005 14 Calorimeter. !
4 ;967 «978 «033 «011 33.3 |
5 ;968' +982 .‘032 014 44
6 « 968 « 980 032 012 32
G 6 ;966 ;972 034 006 18.7—>Throttling Calg
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orimeter not work-

|
ing satisfactorily.
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In the first two day's tests on the Eaumué;;araﬁor,;he saméling
pipes were unperforated and open at the end., Since the outlet was
at right angles to the direction of flow of the stfeam,here were all
the elements of a separator,the water being thrown on past the end
of the sampling pipes while the comparatively dry steam entered them.

The following fact is good evidence that fair samples of the
steam were not obtained by the separating calorimeter,at least: In the
tests on May 23,as much water was turned on the condenser,ss was done
on May 3l; but in the latter case the separating calorimeter showed
the minimum quality to be .924 as compared with the minimum on the
former day of .974.

As fair sémples of steam were not obtained,the results of
these tests were not included in the curves. Probably the results
obtained on May 24,a2nd May 31 are reasonably relisble ag the sampling
pipes had been changed before these tests were taken. TFor an entirely

satisfactory curve,several additional points would need to be estab-
|

lished.
The test on the Steam Appliance Co's Separator is probably the

most satisfactéry of the three tests. The efficiency starts from O
at the initial quality .989 and rises steadily $i11 it reaches 87%

at the initial quality .924 and drops down %o 81% at the initial

quality .917. This apparant drop may be due to inaccuracy of the tests

but it is probebly that there was moTe water in the steam than the

separstor could handle at the best efficiencye.

It is noticesble that the lowest final quality given in the

test is.984,corresponding to &n initisl quslity of.917,and that the

highest finsl quality is .990,%hough the initial quality rose to

.987. OFf course a certain amount must be allowed to cover errors of

the testea
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ne Lliminator shows remarkably poor results

on low initial qualities,the efficiency remaining 0,down to,and in- "l

cluding the initial quality .980. The efficiency runs considerably {8

lower than on the Steam Appliance Co's Separator though it rose | |

|

|
reasonably well on very wet steam. ‘%H

The final quality of the steam is noticeably lower than for l

REE the other horizontal separator,rsnging from .978 to . 985,

The following conclusions would seem to be justified by the | lH:Q

test. | !Iﬂi%

(1} Unperforated sampling pipes open at the end do not give a i f &J

fair sample of steam. ; :!@1

(8) For qualities of steam above .990,the separators are pracs hfi

tically useless. ?.Ii

‘ (3} The quality of steam delivered by the separators depends } i{‘
| to a certain extent upon the quality of steam entering them. i{i
(4) The efficiency rises very rapidly when the initial quality | 1;

drops below about .990 (or in the case of the Hine .980),meking a
fairly smooth,typicel efficiency curve,with the kmee of the curve

between about 70% and 90% efficiency.

(5) Since the finsl quality remains fairly high,it is probable } bl-
that if proper arrangements were made for sutomatically trapping off I

the waste water,the separators would successfully shield the engine

from sudden rushes of water in the steam pipe. | “F;
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