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Tests of the Efficiency of Steam Separators. 

Unless steam is passed through a superheatet after it leaves 

the boiler,it will carry with it a certain amount of entrained water. 
The violent ebulition in the boiler throws more or less water up in 
the steam space as spray,and some of this is carried along with the 

steam. Besides this,there is a certain amount of water in the steam 

caused by condensation in the pipes before it reaches the place where 

it is to be used. This water increases the initial condensation in 

the cylinder,and if there is a great deal of it present,may cause the 

cylinder heads to be blown out. To get rid of,so called "Steam Sep- 

arators" are used. These depend for their action upon the fact thtt 

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 

water carries it on out of the path of the steam into a chamber where 

it can be drawn off. Ribbed plates called baffles are usually used 

to collect the water and direct its flow. 

In our tests of the efficiency of the separators,the "qualit, 

of the steam,or the percentage of moisture it contained,was determine 

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

and after it left the separator,by means of a. throttling calorimeter, 

or by means of a "Barrus" galorimeter.(All these instruments will be 

described fully farther on.) Knowing the initial and final qualitie 

of the steam,the relative amount of water removed by the separator 

can be easily obtained. The efficiency of the separator is the rati 

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

carried by it before it entered the separator. For example: If the 

quality is .93 before entering the separator and .99 after leaving 

it,the efficiency is .99 - .93_ = .06 = 86%. 

I.00 - .93 .07 
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As the steam at our disposal was comparatively dry,and always 

carried about the same amount of water with it,it was necessary to 

be able to vary the initial quality by artificial means. Two methods 

were used. Ih the tests on the Ba!kum Separator,numerous small jets 

of water were directed on the steam pipe,and for the tests on the 

horizontal separators,a water jacket was provided for the steam piper, 

The Baum Separator was installed in the steam pipe of the eight 

H.P. vertical engine of the laboratory and no modificqtions were made 

in the arrangement except those necessary for varying the quality of 

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

quality is clearly shown in Plate I. A 1/2 inch pipe about 4 1/2 ft 

long and perforated with 25 I/8 inch holes spaced 2 inches apart was 

supported by clamps about 1/2 inches above the steam pipe. This 

was connected by a rubber hose to a water cock which supplied the 

necessary means for regulating 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 another hose. 

The steam pipe was drilled about 9 inches above and 2 inches 

below the separator and tapped for a 1/2 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. 

To test the horizontal separators the system 
of piping shown 

in Plate 2 was installed. Attached by a short nipple to the steam 

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

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

at the bottom. The top is left open. The jacket is drilled and 

tapped at intervals for 1/2 inch pipe. The lower opening 
was usuall 
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used for the inlet for cooling water while the other three were use( 

as outlets for waste water. The amount of steam condensed was reg. 

ulaed 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 whiz 

by attaching the waste pipe to lower hole and the supply pipe to the 

second the minimum water jacket could be made about 3 inches. The '1 

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

bout x =.860 to x =.990. 

In addition to the separator fittings there were placed on 

the horizontal length of pipe two 2 Lachx x 2 inch x 3/4 inch' 

Tees,one on each side of the separator. The sampling pipes for the 

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

serted through 3/4 inch x 1/2 inch bushings in the 3/4 inch openings 

of the Teestand extended to the center of the steam pipe. The Tee, 

at the left of the separator (as shown in sketch) was also drilled 

and tapped for a pressure gauge which was necessary to complete tie 

data for the throttling calorimeter. 

In the vertical pipe which extended through the roof there 

was a 2 inch gate valve 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 

draining the separator. 

Three kinds of sampling pipes were used,as follows: I. open 

at the end,unperforated and extending to the center of steam 
pipe; 

2. plugged at the end,perforated with about 48J/8 inch holes and 

extending to the opposite wall of the steam pipe;and 
3. plugged and 

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



 

All were of 1/2 inch pipe and are shown in detail in the accomp4ing 
drawing. 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 Eliminator. 

The Separating Calorimeter by which the quality of the steam 
was determined before it entered the separators is essentially a 

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

measured by means of a scale on a gauge glass. The dry steam is led 

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

amount of dry steam and the amount of water in the steam, the quality 

of the steam is obtained by dividing the weight of dry steam,by the 

combined weight of steam and water. For example: If the amount of 

water separated in a test is 10.5 oz. and the steam condensed in th 

tub -1116 the same time is 142 oz. then the quality of that same e 

is 142 

142 f 30.5 '931. 

Plate 4 gives a sectional view of our separating calorimeter. 

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

half inches through the cap. This pipe is plugged at the end and 

has in it numerous small holes about 3/32 of an inch in diameter ex- 

tending 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 com- 

ing in contact after they are once separated. The water chamber co - 

sists of a 2 inch pipe capped at the bottom and extending to within 

about 3/4 of an inch of the top of main steam chamber. Legs on the 

bottom cap prevent the water chamber from interfering with the flow 

of the steam. The main chamber °Maoists of a piece of 4 inch 
pipe 

Capped at both ends. The upper cap is tapped for a I/2inch inlet 

d.pe,and the lower one for a 1/2 inch nutlet pipe. A valve in the 

outlet pipe regulates the flow of steam. The sides of the two cham- 
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er6-are tapped for pipes wniCh extend through the steam space into 

the water chamber,and at the other end are connected with a gage gla s. 

Around the steam chamber is a packing of animal wool about an inch 

thick,enclosed in a galvanized iron cylinder. All openings in the 

cylinder are soldered,so it is air tight. 

The action of the separator is as follows: Steam entering 

through Srhe inlet acquires a 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 and by means of a rubber hose is led to the tub 

of water and condensed. 

A sectional view of our Throttling Calorimeter is shown in 

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

by a 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 a I/4 inch pipe which is connected to a manomete 

tube by means of a piece of rubber tubing. The lowe'l cap is tapped 

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

steam is regulated by a valve in inlet pipe. The pressure and tempe 

ature in the calorimeter can be read by means of the manometer and 

thermometer. The pressure above the inlet valve is read by a gage o 

the main steam pipe. 

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

heat of steam at a higher pressure is greater 
than that at a lower 

pressure,and very little if any heat is lost 
in passing through a 

reducing valve. hence if the pressure of the 

will superheat or tend to superheat. However 

in the steam,this must all be evaporated 
before superheating 

can tak 

Place. The amount of superheating will 
depend directly on 

the amour 

steam is reduced,it 

if there is moisture 

II 
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of water in the steam. 

If -- 

p = pressure above reducing valve; 

Q = heat of liquid at pressure P; 

R = heat of vaporization at pressure P; 

p = pressure in calorimeter; 

h = total heat of steam at pressure p; 

t = temperature of vaporization at pressure p; 

T = 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 valve;or 

XR + = h c( T -t ) 

For 

X= h c( T t ) 

is 

68#, barometer reading 14.1+, calorimeter pressure,1# gage and calor- 

imeter temperature 264°F,then p = 82#,p = 15.14, h = 1147.0, t = 214, 

= 283.2 and R = 894.4. 

Then 

X = 

example : If the gage pressure in the steam pipe 

1147 + .48(264 - 214) - 283.2 

894.4 

= .993. 

The calorimeter is limited to use on fairly 
dry steam as,if 

there is too much water present,it will 
not all be evaporated and 

there will be no superheating. The exact 
amount of water allowable 

varies with the difference in pressures 
P and p, and for ordinary 

pressures is about three or four 
per cent. 

The Barrus Calorimeter 
is described by the 

makers as follows 

"The 

of 

accompanying cut (see Plate 6) shows the general 
features 

the instrument. It consists of two 
parts,as indicated,which 

are 

1, 
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named the 'Heat Gauge', and the 'Separator'. The Heat Gauge is the 
first to receive the steam from the supply pipe. Having passed thro 
this portion of the apparatus,the steam emerges into the separator,and 
from this point it escapes through the side outlet to the atmosphere, 
The Heat Gauge consists of two chambers separated by plate containing 
an orifice. The two chambers are bolted together,and between the 

surfaces of the plate and the flanges,nonconducting material is 

to intercept the conduction of heat from one side to the other. 

temperature of the steam in either chamber is obtained by means of a 

thermometer placed. in a cup,in the manner shown. Radiation from the 

exterior is prevented by surrounding the whole with a metal casing, 

the intermediate space being filled with nonconducting material. The 

Separator consists of a vertical chamber in which the entering tube 

passes to a 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- 

arating part did not come into use,for the steam was dried by the 

Heat Gauge. 

The method of obtaining the quality by the heat gauge is as 

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

and saturated steam corresponding to the temperature of the upper 

thermometer is obtained. 

plac d 

The 

From this is subtracted the actual reading 

of the lower thermometer,and the result is the cooling due to moistu e. 

This divided by a tabtlar coefficient gives the amount of water in 

the steam' 
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The tables are as follows:. 

Table I. 

Temperature shown by Upper 

Thermometer. 

Deg. Fahr. 

Normal Reading of Lower Thermometer 

Deg. Fahr. 

280 250 

290 256 

300 262 

310 268 

320 274 

330 280 

340 286 

350 292 

360 

370 304 

380 310 

Table 2. 

Temperature shown by Upper 

Therm. Deg; Fahr. 

280 

300 

320 

340 

360 

380 

Coefficient. 

21.8 

21.5 

2..11 21.1 

20.8 

2045 

20.2 
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For example, If the upper thermometer reads 310°F,and the 

lower thermometer 233°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 

35+ 21.3 =1.8% of moisture; or x=l - .018 = .982. 

Three separators were tested. The first was of the vertical 

type,inlet and outlet 2 inches,made by the Baum Separator and Machine 

Co.,of Reading,Pa. The separating action is due to the fact that the 

direction of flow fo of the steam is suddenly changed from vertical 

to horizontal,over a ribs or baffles which catch the water 
and direct 

its flow. 

The second set of tests were made on a separator 
built by the 

Steam Appliarce Co., of Molwaukee,Wisconsin. It was of tne horizont.1 

type,with2 inches inlet and outlet. In it there were three sets of 

baffle plates around and between which 
the steam was compelled to pa s 

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

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 liew York City. 
In it the inlet and outlet 

are 

near the top of the separator,and 
extending down between 

them is a 

ribbed diaphragm,miderneath which 
the steam must pass. 

the chamber are also ribbed to aid 
in the separation. 

The walls of 
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80 94 2.93.2 8873 /. 0 /5./ / /47. 0 2 / 3 1 247 34 , .94.9 / 

6 3.'3z 6 0 R. 0 244 
34 60 2./ 240 /1/0 

36 63 2 0 
- 24/ 

38 65 Z._/ 23,9 .L 0.4.0 

4o 6g 2.0 24/ 
0 /. 9 2 43 04/ 

__42 
44 5.9 2. 0 ___240_ 

4.6 2.0 2 -ov_. EN 6-//1/E., 

4 v---= 

_,f9 
6 / 75 276.9 898,2 2. 0 /6./ L/48. 0 2/7 4/ 24 . 983 

1 

143456 



DEPARTMENT OF MECHANICAL FNGINE"ERING, K. S. A. C. 
MADE AT A. c, 

ON BA UM /4'A #170 
DATE /V, a 

PRIMING LOG. 
(SEPARATING CALORIMETER.) 

OBSERVERS: 

47.' N. Pllizi/PRLE 
A. SEA TON. 

No. 

Time. Scale reading. Amount 
of water 
in steam. 

Weight on scales. 
Condensed 

steam. 
Quality 
of steam. Remarks. 

Start. Stop. Start. Stop. Start. Stop, 

oz 05 lbs. Oz. lbs. oz. 

/ // 46' /2 : 0 0 
- 

3.75 4.0 
---r- 0.75 45.9 - /0 /65 - 0 t5 - 6 -9 9 o 

/ : 4 IL / : 5 7 is 1.25 p.. 75 /.5 3 - 8 fs 3 - 1/ / 0 - 3 . 98 3 5.1AlisPL //1/ 6- / '1 l'EtY e / N PER - _.e 
3 2:' /6 2 : .2 8 e. o 7. 5 1.5 /4549 - 2 /78 - .6 /0 - 6 .9 74- .4-0/FA TEO, .E/1/A7 OPEN. 

2.40 2:52 2.0 2.75 0. 75 /57 - 00 /6/ - 8 4 - 8 .98 .9 ..5 A Ai PL //11/ & it:'/ ,".4- -5' /i) em ,.__4 

5 .9 : oS 3 : / a. 5 6.25 £ 73- /6. z - / /92 - 9 / 0 - 8 ;:984 TO GE di/ TA- Iq o A" -.5 //PPG )' 
_6____r_______,,3,2 .3.' 16 . o 6.5 4.5 ~ 16.2 - // /7.5 - /0 /2 - /5 . 9 78 F./ R'h-. 

---- 

-_ _ 



DEPARTMENT OF 
MADE AT H. S. A. C 
ON 5,q UM SEPAR4 rev? 
DATE /V/AY de 4, 1.9 0 4_ 

BAROMETER .28.65- IN /4 / LBS 

MECHANICAL ENGINEERING, K. S. A. C. 

PRIMING LOG. 

THROTTLING CALORIMETER. 

OBSERVERS: 

1.7.- 14/ 
7 /4 70 AI 

No. Time. 

Pressure in Steam Pipe. Heat 
of 

Liquid. 

Heat 
of 

Vaporization. 
r 

Calorimeter Pressure. 
Total 
Heat. 

A i 

Temperature Calorimeter. Degree 
of 

Superheat. 
t.-t, 

Quality 
of 

Steam. 
x 

Remarks. 

Gage. Abs. 
P 

Gage. 
Abs. 

Pu. 

Corresponding 
to Pressure P, 

By 
Thermometer. 

/ : 5 /r 67 /.0 237 

53 68 A 0 .238 
55 49 /.O ,e 40 

57 6 9 / 0 _,Z..-1 8 
3.9 . 6 7 / 0 -.Z 38 

Z : 0 / 70 / a 2 44___ 

03 72 
_ / a 2 3 6' 

05 73 1. 0 238 
07 6 EL__ 

.e.38 

AV-- 69 83 84.1 893. 7 
_?:p /0 /5. / //dig 7 0 2/3 239 26 .9; 0 

2 : 4E 63 /.0 25/ e 
26 63 /.0 257 
28 65 /. 0 2 6D 

30 72 /. 0 262 

32. 75 /.0 2 6 -0______ 

34 75 /. 0 266 
72 /, 0 2 e T la 

38 ! 0 
267 

4Al.=---- 
___....7-0 

Z0 8 .93./ / 0 /.5. / /147 0 2/5 262 .49 ,. 9.92 .6.. ___P_,o 

123456 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT if 5.A. C. 

R/1 TOR 
DATE /WA Y 4 /9 01. 

PRIMING LOG. 
(SEPARATING CALORIMETER.) 

OBSERVERS: 

J. //1////,,1c'z..6-, 
/c7 4 L5 7-0 /V. 

No. 
Time. Scale reading. Amount 

of water 
in steam. Start. 

Weight on scales. 
Condensed 

stea In. 
Quality 
of steam. 

Remarks. 
Start. Stop. Start. Stop. Stop. 

oz. oz lbs. oz. lbs. oz. 

/ : .57 2 ' o 7 Z_ 0_ /Z. 6- / 0. 5 /57 -9 . .. / 4 6 
. , . 

- 7 
. .._ 8 - /4r .93 / PE/7 ic-0 7"-* I, 5 A' /V> Ph. /NG 

p'/FA--,5 .38 /. O 2.75 7 75 /5.7 - O /69 - 8 - /2 _, 8 ., 99 / w/ T/-/ 4--Ar .6? ,..s. Au (./ 66 D . 

._... _ 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT f S rot C 
ON RA UM 5 PA R A r OR 

DATE MAY 3/sr /904. 
BAROMETER R8 7 I N LBS 

PRIMING LOG. 

THROTTLING CALORIMETER. 

OBSERVERS: 
7? A.SEATON. J N H iPPLr 

No. Time. 

Pressure in Steam Pipe. Heat 
of 

Liquid. 

(I 

Heat 
o 

Vaporization. 
r 

. 
Calorimeter Pressure. 

Total 
Heat. 

A i 

Temperature Calorimeter. Degree 
of 

Superheat. 
t-t1 

Quali ty 
of 

Steam. 
x 

Remarks. Gage. Abs. 
.2) Gage. Abs. 

P I 

Corresponding 
to Pressure p, 

t, 

By 
Thermometer. 

t. 

2 __I 

. 

e.) 

....4 1. 2_64- 
. . .1 26 t- No CO0LaNG INATIR 

5.1) 69 1 266 
- A _ I I 2. 14 

WV . ..,/WMMfilla 
COOLING IA/ ATE 17 . 

2. 3 ' 09 64 /, 229 
219 

' 66 / i3 
: / 5 67 I 
r7 6Y /. 
t 9 1 

2 1 

6'7 
6 .' /. 

A. _1(-=-- ____o_Y____ ._ ei 95- 
. / xi i /4_7 0 9 _ 

1 0 AA 
25l 00 

: 55 6 0 2 d 2._ -- --- 
- 

_ 

: '7 
_ 

9 
/ - - 

, 
.4. . - A 

A-9_ 
_6_ 

_____ ail- aranv. 1 ilizZahriel 
fORATED AN 2, : 0 3 53 / _g____3_ 

PLUGGED AND 05' 5 / 1. 

:_09 6 1 

- ___. 

9 

--- 

96 .1. 

__/ 

- 

0 7-1.05/ _Z -Z. WAI..Z. OF AV4'. / 5./ 7.O 21 .9 STEAM 7/P4'.. 

1`23456 ._ 



DEPARTMENT OF MECHANICAL ENGINEERING, KSAC 
MADE AT K S A 

ON .79 A UM L5 I- PA RArO7? 
DATE Ait.ak,-" 3/sr 190_4 

PRIMING LOG. 
(SEPARATING CALORIMETER.) 

OBSERVERS: 
-11 A -SP -ATOM_ 

PPL E 

No. 
Time. Scale reading. Amount 

of water 
in steam. 

Weight on scales. 
Condensed 

steam. 
Quality 

of steam. 
Remarks. 

Start. Stop. Start. Stop. Start. Stop. 

oz oz. lbs. oz. lbs. Oz. 

X40/ 2'54 zgff L25 /9/ 3 262-4 // - .99.3 

_2 3 .' 04 3 :25 2 /6.5 14.5" 193 - 7 264- 6 /0 /5 924 
3 ,349 4:09 7$ 65 /95- 95- 207 - n /I - is 966- 

..____. 



Efficiency of Baum Separator. 

Date No. Initial Final Initial Moisture Eff. Remarks. 

Quality. Quality.Moist. removed. 

6.16 1 .991 .996 .009 .005 

2 .993 .997 .007 .004 

n n 3 .994 .996 .006 .002 

t II 4 .991 .995 .009 .004 

n n 5 .994 .995 .006 .001 

5-23 1 .990 .994 .010 .004 

t 2 .983 .978 .017 .005 

It t 3 .974 .973 .026 .001 

it 16 .989 .98u .011 .009 

ri 5 .984 .981 .016 .003 

?I 6 .978 .983 .022 .005 

5-24 1 .931 .980 .069 .049 

n n 

n 

2 .991 .992 .009 .001 

5-31 1 .993 .993 .007 .000 

n n 2 .924 .970 .076 .046 

Ti T1 3 .965 .990 .035 .025 

%. Sampling pipes un- 

T perforated and open 

b at end. Probably 

r calorimeters did not 

o get fair samples. 

w 

n Sampling pipes 

0 

1.1 same as 

t 

above. 

71 Sampling pipes 

11 plugged and per - 

forated,extending 

0 to opposite 

60.5 wall of 

71.4 steam pipe. 
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DEPARTMENT OF MECHANICAL ENGINE ERING, K. S. A. C. 
MADE AT K. 5 A C. 
ON S Tr/4M A PPLIA 

DATE d UNE- /3 7-N /904 
BAROMETER IN / LBS 

PRIMING LOG. 

THROTTLING CALORIMETER. 

OBSERVERS: 
/7 . A TOA/. 

No. Time. 

Pressure in Steam Pipe. Heat 
of 

Liquid. 
q 

Heat 
of 

Vaporization. 

Calorimeter Pressure. 
rPotal 
Efeat. 

A 1 

Temperature Calorimeter. Degree 
of 

Superheat. 
t.-ti 

Quality 

Steam. 
x 

Remarks. 
Gage. Abs. 

P Gage. Abs. 
13- 

Corresponding 
to Pressure pi 

ti 

By 
Thermometer. 

t. 

Z 0 0 55 . I. 249 
: o2 57 / 2 TO 
04- 60 1 z_sig 

:06 6/ z53 
:08 60 

,/, 

J___ 234 
:10 60 1. . R 51' 
' i g S8 /. 

- Z55, 
' 14 60 I . - g1-1 

Ay= 59 73 27 5.1 300.1 l / 14. 7. / 214 R 53 J 9 , , 0 

2 ' A8 62 1 246 
:30 63 I a.46. 
j3g._61 1. 212 

3'8 1. 21"A _:,..14. 

36 35 / Z51 
35 

A v :- 

11 1. 248 
5.9 73 276-.1 900.1 /. / f A 1/4-7.1 214 250 36 :988 

3 3 ' 00 8 / 242 
;02 60 1. 24-2 

151___ 1_ , 2.4.6 __:104 

:06 60 / 21.2 
_08 Siii I 2'54 

0 58 1. A.54 - _L/ 
7g. 60 ?... 53 
:/4- 60 --....1.-........ 

_i_ 

2 1".3 

Ay. - 5-9 73 2.7.3:1 900,1 1. i Ila 1 L.4-_11 214- 2 36 .98E3 

z7 i, 244 
2.9 

_6_0_ 

59 / 248 
:3/ 249 
33 

___5.13 

ae 
---.4 

1 A 1 0 
3 5 59 1 2,___6___, 

:37 39 
- 

g 5 _I- 

AY g- 39 73 2 76. I 9 d 0,1 /,. / 52., I 147 1 214a_51- .9 89 

123456 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT x S.A 
ON _STCAMAPPLIANCE_ Cc S Oit 
DATE c./4/NE. /3774. 
BAROMETER .9 IN /4A LBS 

PRIMING LOG. 

THROTTLING CALORIMETER.' 

OBSERVERS: 
7"? . A . SEATOM 

c ii -/V1/ 

No. Time. 

Pressure in Steam Pipe. Heat 
of 

Liquid. 
q 

Heat 
of 

Vaporization. 
r 

Calorimeter Pressure. 
Total 
Heat. 

A i 

Temperature Calorimeter. Degree 
of 

Superheat. 
t. --ti 

Quality 
of 

Steam. 
x 

Remarks. Gage. Abs. 
p Gage. Abs. 

-24 

Corresponding 
to Pressure p, 

By 
Thermometer. 

t, 

3'56" ,i-F3 / 248 :57 6z / 2 S. 0 5.9 6_L_ / 
g__63 4 .. 01 60 

1_ 2___A6 03 58 1 RI 6 :0 56 / 264 A Y 2: S9 73 275.1 904 I 1. _______I _IA / 1 4Z / 214. 253 3 9 9 0 ..9 

4 ' 48 55- 
1. 247 120 57 
1 248 .AA 58 
1 249 :24- 18 I. 250 :26 58 
1. 230 .-. I as 6 A g :-.- 57 7/ 27 3 2 9.01.41- 1. I 1-.2 1 147 1 214 249 3 5. 9 el 

4 :47 57 L 240 :49 5$ 2,4A :5/ 1)2. / 242 : 53 
2 42 :55 

_45A 

62 
___L- 

/ 
g.42-._ 

4_5_7____ 55* 244 - AV ::: 34 270.3 9, 0 3.3 
____1._ 

5,_. 1,.._ 14_7 .1 214 244 2 8 ,984 _±. __/ _1 

8. 5:d$ bS_ /. 
.____Z4.9________ : /0 - 0 / 25-4 /A b U / 213 A 

I. R. 5 - I 

-14 

.11_ - I . A 13 tia - __ 2S6 .- AK ..= - 2781 /397 6- J. 1147 1 J4. 253 3 J .9.90 _.,_ 
__1_,I:R. 

12345.6 



DEPARTMENT OF MECHANICAL FNGINEERING, K. S. A. C. 
MADE AT fl 
_57-£24,61-APPLIANCE COS SEPARATOPf 

ON 

DATE (JUNE /(.1 zai 190* 

PRIMING LOG. 
(SEPARATING CALORIMETER.) 

OBSERVERS: 
R,del .5 EAroiv 

(./ /-/. 1,14-.4.1=y=.1_ 

Time. Scale reading. - Amount Weight on scales. 
Condensed 

steam. 
Quality 

of steam. 
Remarks. 

No. 
Start. Stop. Start. Stop. 

of water 
in steam. Start. Stop. 

oz. oz lbs. oz. lbs. oz. 

_ 
- - 

g: 14. 13.0 /0. /46%.,- R /73 - // 7- Si 

_ 

-.944 _1 
2 

2.:00 
R 2.8 2.'38 

.3.0 
2,5 /I,-_ /75 /75- /0 Je3- /3 8 - 3 -.9 A C____ 

3 L1)2 3: 14 /0 /Q. __..9,317. /80 - 4. /88 - / a 8 - 6. .93 4. 
3.'7 3:.5,, jO g_s- / 79 - 6 IR 7 ..- 8 8 - 4 

5- 3:61 .4 o.5- 6.5 9.0 
.L.51.... 

A.5 /a 5-- 12. 1.97- 8 11 - /Z 
1.4 - 1 4 

.987 
6 4)8 4:2.6 3_ 10.0 1. /'r- 4 Igo - 2 .07! 
I 445 4.7 /8.5 laff /9- - i Z. /88 - 7 8 -V 1 .9/ I 

5O8 618 
_6. 

7. 9, _1_00 - I /91 9 1/ - 8 .. .053 . _A_ _/.._ix.. 

. 

, 

- ---- 

. - 

- , 

.._-, 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT t..5. A C. 
ON J7 A PPL /A weZ Co. :5. LS E /='A / r D 

DATE to#721N-- /4, /8 04, THROTTLING CALORIMETER. 

BAROMETER e.9 6-28.91N 74.2 LBS 

PRIMING LOG. 
OBSERVERS: 

54-A 7" 0/ / 
rT . W H / PPL E, 

No. 

/ 

Time. 

/.0,V,c 

Pressure in Steam Pipe. Heat 
of 

Liquid. 

q 

Heat 
of 

Vaporization. 
r 

Calorimeter Pressure. 
Total 
Heat. 

A 

Temperature Calorimeter. Degree 
of 

Superheat. 
t. --ti 

Quality 
of 

Steam. 
x 

Remarks. 

Gage. Abs. 
1) 

Gage. 
Abt-. 
PI 

Corresponding 
to Pressure pi 

ti 

By 
Thermometer. 

t. 

6o 1/ 248 
37 5.9 1./ 2-9 
3 9 6 1. 0 2.11 7 
1/ 6 7 1./ .046 
43 6 3 0.9 2'97 
Is' 58 40,9 

2/4 21' 7 
A v.= 62 76 2778 8.9,6,.2 /.o 15,2 1/47.1 2.off . aem 

2 /1.3o 6 0 /. / 24.2 
..92 6Z 1. / Z fl 
01 6V 1 0 2- 
ss 66- l.o 
38 66 /.O 
10 6.5z A o 

Ay.= 63 77 2 78.7 8.97.5 1.0 1.5.2 IL4.1./ L.4 211 JO .984 

3 2 0 0 73 /0 Z 0 
02 72 /.1_ Z5/ 
04 7o /. 0 
06 
08 

6,1- 
6,5- 

0.9 /0 26-0 
2 .1'o 

/ 0 _618._ 
//4_7./ 

250_ 
4Y, = 69 83 284./ 

____/L 
8.90. 7 

_Q___ / 0 5 2/4 5O t36 95J- 
---1------ 

2.',90 69 1.1 
__ _ 247 

3 69 /./ 248 
.3.1 6 .9 /. 0 dit8 

. 

36 6,9 / 0 2,M 
35 68 24.9 
40 69 

___Ls /.0 24Z 
A v = 69 ea 284./-833.7 A 0 2 /i4 7. / 2/4 248 3# 984_ 

- _____/6-. 

.._ 

123456 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT H. 5. A. C. 
ON(STEAM A / A A/ C C liA ro /7. 

PRIMING LOG. 

DATE (.7e / / 4, / 4.90 

BAROMETER 28.9IN / 4. 2 LBS 

THROTTLING CALORIMETER. 

OBSERVERS: 

J// W H 

No. Time. 

Pressure in Steam Pipe. Heat 
of 

Liquid. 

q 

. 

Heat 
of 

Vaporization. 
r 

Calorimeter Pressure. 
Total 
Heat. 

A i 

Temperature Calorimeter. Degree 
Of 

Superheat. 
t. --ti 

Quality 
of 

Steam. Remarks. 

Gage. Abs. 
p 

Gage. Abs. 
Ps 

-- - 

Corresponding 
to Pressure 2.), 

ti 

By 
Thermometer. 

3.'00 68 /. 0 242 
02 70 -/./ 2 45 
04_ 7/ /. / 245 
06 7 246 
Ogi 68 1 24 7 

/0 7/ 248 
A v--- 70 8¢ 9.93.1 /5.2 //47/ 2 /4 246 .983 

6 3.* .30 70 .4, 246 . 
.3,2 66 I ' 249 
.3-9 63 /0 25:0 
36 68 A 0 2 JP_o - 
38 7/ 249 
40 7_1_ I _,Z 4 a 

At 
. a. .7 1/4 7. / 2 /4 24.9 35 984 

74t.00 ._61 0.9 247 
02 6 7 0,_49 

/,__o 

2 48 
0.9t 66 248 
06 86 0 .2.5_0 
ea t' 

_./. 
1. 0 250 

68.- /. 0 2 49 
6 7 ski ..,.., ;95.0 /. 0 45% $9 Li 4_7, 2 /4 24.9 35 '985 _i 

123456 
. - 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT. if. .5 A C. 

ON_45T_EAM AR,Y./.9NcE Co:s Se^ 
DATE 0-4/ NE /4, /804 

PRIMING LOG. 
(SEPARATING CALORIMETER.) 

OBSERVERS: 

/FA. SI#1 TON 
14/.///p,c.Ls-. 

N o. 
Time. Scale reading. Amount 

of water 
in steam: 

Weight on scales. 
Condensed 

steam. 
Quality 

of steam. 

' . 

Remarks. Start. Stop. Start. Stop. Start. Stop. 

/ / O .5.377 /....-0.5. 
oz. / oz 

.5- .4 ,. 
lbs. oz. 

4,6 ..7 . 8 lbs. oz. /-- /0 .9 -7, - ..,t4 . 19 Z5. . ,-,...... .. -, 2 /// i 0 //.'90 Z.5- ...1.5- 178 - .2 /87 - // .0 - .9 , .9 76 3 e .' 0 0 2.08 (..9.6" 8.5- _.5- /78 - 0 /87- /4 9- /4Z 
- 9 70 . 

5 9 41 /5.4 - 9 49/ - /4 7- 5. - 
...9 ; 0 0 3 ; / 0 

3 ; 40 
2.5 
S.5 

1/5 
/2.5 

.9_ __ /5.5-- /4 /&-/5/ - / 962 6 3 : 3 0 7 /8 3 - 2 /9-4' - 7 / / 5 7 4. o 0 4 ; / a / ..5- 6" ''44..5-. / 85 8 /.9.5- /..g 8 - 5 ,,-96 7 .. 

...: 

- -- 



Efficiency of Steam Appliance Qo's Separator. 

Date No. Initial Final Initial Moisture Eff. Remarks. 

Quality Quality Moisture Removed 

6-13 1 .924 .990 .076 .066 87 

n n 2 .923 .988 .077 .065 84.5 

If II 3 .934 .988 .066 .054 82 

nn " 4 .989 .989 .011 .000 0 

n n 5 .987 .990 .013 .003 23 

it n 6 .971 .987 .028 .016 55 

It TI 7 .917 .984 .083 .067 81 

II It 8 .953 .990 .047 .037 79 

6-14 1 .973 .985 .027 .012 44.5 

II II 2 .978 .983 .022 .005 22.7 

IT n 3 .970 .985 .030 .015 50 

II TI 4 .969 .984 .031 .015 48.4 

n n 5 .962 .982 .038 .020 52.7 

II II 6 .963 .985 .037 .022 59.5 

n n 
7 .967 .985 .033 .018 54.6 

r 
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DE PART A 4 t 7\ir or MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT x L.C' OBSERVERS: 

PRIMING LOG. 

ON N/NE EL /4/1/NA TOR 
DATE ETU A/ E /4.904. 

(SEPARATING CALORIMETER.) c.T i/VII/PPLE 
R. A. SEA TON. 

No. 

i Time. 1 Scale reading. Amount 
of water 
in steam. 

Weight on scales. 
Condensed 

steam. 
Quality 
of steam. 

Remarks. 
Start. Stop. Start. Stop. Start. Stop. 

oz. Os lbs. oz. lbs. oz. 

225 /9/ - .9 202 - /41/ - 5 .96'? 
- 4: 3/ X0 4:J0 4.3.25 

5." 0_/ 1.53 1.0 1 o 3.0_ /78 - 6' /8 9 - // / / - 3 -67(94 _..e 

5.'23 J.95 0.73' 3. 7.5 3.0 /e5 - / 49.5- - 3 /0 - 2 9q4' 

A,RRIAó1 CAL OA? / ME TE /T - 
No. TIME UPPER THEI Atienw.gL Z.OWER 7'11.E R. COOLING C eve P. QI/A L / TY 3/4F 2 1 oef- 

4 :._99 .3 /2 . 240 
. 

4..43 3 / 0 238 
"0;115 3 /2 4238 
4:47 3 /4 237 
119 3/5 23 7 22 - 237 _4,..5./ 

A V= a / 3 270 3.5 32 21.2 .9.85 _ ,Z 

0 / 3 / 
03 3/ 7 236 
05 3/8 07 a / 238 

239 .9 

- 
/3 .3 / 6 24.2 _ 

3 /8 273 23.9 34 2/ / .9.644 --_ _,4 .Y=7 

3 / a "P dr 25 .9/ 6 - 
232 2 7 __3/_42 

2 g 3/ / 
31/ 2 3*_' .5/ 

53 31/ 
3.5 3_1 0 

.23,5 
23C______ 

A v = J__10 268 233 35 2/.3 9e92 

. 

. 



DEPARTMENT or MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT x (5 /4. C. 

ON 1-1//vE EL./iv/N.470.R 
DATE (7elit/E /8 /.9O4 

PRIMING LOG. 
OBSERVERS: 

LTN. Wi//RLE. (SEPARATING CALORIMETER.) RA, (SEA TON 

No. 
Time. Scale reading. Amount Weight on scales. 

Condensed 
steam. 

,Quality 
of steam. 

Remarks. of water 
in steam* Start. Stop. Start. Stop. Start. Stop. 

lbs. oz. lbs. oz. 

-. - - oz. oz 

6.25 /87 - /4 /93 - /., .5 - /5 . 9.3.9 .9. o-3 .9.. /7 72J 13.5 - / 
._._2 49z_43 2.O/3.5 /1.5 /BR- 8 /677- // 5' -- 3 .56 0 _____49.'..i/ 

8A RR us CAL oRmig TER. , . 

, No 
._.1.______ 

m E. UPPER 7,,f_ER._ THE fr. COOL/A/6 COE ic. el/AL/Tv ___7/ 
9: c 3 284 °P 

_NaAmzu.______L_0kie47? 

03 - 284 2/4 
07 284 /4 
09 254 - 8/4 1/ 283 de /3 
/3 26' 3 
/5 

282 

_2/4 
/7 2/4 

2/4 4 V= 283 2/4 icg .421. 7 _____ 

.9/..3/ 2 74°F Z09 *A" 
-- .33 2 74 209 WA TA71? DR/AVV/i/a/c-RoAl Js _____._ 

2 72 ZO49 
437 2 70 z 09 Seit).4.47.9 77/VG #:',4,i'7 OF 7W - __ 2 da___ 

CALOR/A."9E7E4e 14/4 5 NE 6 - 4/ 265 .zoe 
207 4. 264 206 __A V = 2 6 9 

.... 

24.3 98-0 L. / Gi8L F.-. 2 2. 0 z0 J 3 

,... . 

.... 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT A. A.C. 
ON Hi r te't, 1,1/) 

DATE duivE /467'N /904. 
BAROMETER 28.85 - IN LBS 

PRIMING LOG. 

THROTTLING CALORIMETER. 

OBSERVERS: 
7 A SEATON 

LJ,HWH/PPLE. 

No. Time. 

Pressure in Steam Pipe. Heat Heat 
. of 

Vaporization. 
r 

Calorimeter Pressure. 
Total 
Heat. 

A t 

Temperature Calorimeter. Degree 
of 

Superheat. 
t.-ti 

Quality 
of 

Steam. 
x 

Remarks. 
Gage. Abs. 

P 

of 
Liquid. 

q 
Gage. A Us. 

P 
Corresponding 
to Pressure pi 

t , 

By 
Thermometer. 

t 

/ :41- 6 59 2 3 a 
:48 T8 

,0_,/ 

DI _33 
: SO 67 v,1 12 
:5A 5-7 0.r 

______Z 
230 

: 64 58 Xg_e 
: 56 58 

_0.I 
0.1 g_g '7 

:58 55 0.1 g X 6 
2 :00 67 0J A 24 

A v :-- 07 7/ 473.2 .901;4 I 0.1 /4.,. /146 0 2.10 2 g 9 19 .978 

a / X 53 0. I A A 9 
:14- $2, 0.1 2g9 
:/6 5g,1- 01 229 
1/8 5'3 0 I 2 Z9 
.AO 54 6 1 

___ ____ 

2 29 
54- 0 / 27. 9 _LRA. 

:24 s'g 0. r 230 
:2i. 5t O. I 231_, 

AY.=-. 5A.17' 6 7 A 6.90 904.2 4 / 44,.A 1146.° 2/0 i 9 3 .980 _A.A.9.3 

___3 A :3 7 5-J" 
____ _____ 

0. I A A 8 
:39 

-- .4/ 
64 
S 4) 

0. 1_ g_R 9 
- 

_ _._ 
0. I .___2.A 9 

.4,-*- 60 0. /_____ 

516_ Y 0 272.X 902.1 0 I /. a 1 1460 gi 0 ga8.4. / 84 ,978 _ 

4 3_:1)_0____ 

__:-OA______ 

4 I 0. I ALS 
59 S.1.__L_ 2 28 - _Lo.4- 67 0.1 

_ 

2_g_9_____ 06 _15 __IL_ 
0,1 

R 3 O 

_ 
:08 55 A.30 
: / 0 TT o_l_ 

0. a 

3 0 
I A 1 6 

_g 

2 g 9 57 7/___ 273.2 9044 0.1 14.A. //46.0 2/0 Ak.A9 /9 ,976 



DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT .0 
ON I- h LL. MI/AIATOR (B EL Ow) 
DATE %./0n /8 7/-1 /904 
BAROMETER 2.8.85 IN / LBs 

PRIMING LOG. 

THROTTLING CALORIMETER. 

OBSERVERS: A s SEA ro 

No. Time. 

Pressure in in Steam Pipe. Heat 
of 

Liquid. 

2 

Heat 
of 

Vaporization. 
l 

Calorimeter Pressure. 
Total 
Heat. 

A i 

Temperature Calorimeter. Dearee 
-t, of 

Superheat. 
t,-ti 

Quality 
of 

Steam. 
x 

Remarks. 
Gage. Abs. 

P Gage. Al. 
I), 

Corresponding 
to Pressure p; 

t, 

By 
Thermometer. 

t, 

3:z1 5W 0.I 2Z9 
:g 3 4 7 0_4_ 2 3 0 
:ti'' -41 0, 1 2 32 
: g 7 49 0.1 
:29 57 0:1 

_____A_aA 
2 3 a 

' 31 5 i A3 I 
Av .---. 50 64- 66,g 906ft 

___.0. 
0.1 L&r,-.A 1 1 4 6 0 2 / 0 231 g1 ,.9$g 

3 '40 6/ 0. 1 gl-,..9 
:44 57 0.1 2A.9 
:44 32 0. i g 3 0 
:46 53 0 1 a 3 0 

:4 54- 0 1 2.3 0 

A Y ::- 33 67 2. G ,93 9040 0,, ,144 jj_4 6 0 A R,9 . l9 ____7.112 

7. 4: 0 ii 4.9 0.1 2 / h- 
: 0 7 6- o 0..1 

0 1 

__g j g 
:09 3.0 P., / 1 

: 1 1 51 0 1 
2..1 0 

: i 3 0. 1 
2 / 0 ____ ___52 

: 1 7 47 0. 1 2i 0 , 6 
4-9 1 ----,.----- A i o_s: __LL.9 

Av-r--9-j: _t_3_,_6_______7,6L.5.3 ____O- I -4-.A._ 1 14b,0 A 1 t 24 I 1 ,97A __L 

123456 



DEPARTMENT OF IVIbut-tRIVIUHL /VCji/VL r\. o. 
MADE AT 11 5 A. 0. 

ON /WA/ E E / AI/ NA 7t9 
DATE (re/NE /8, /.904 

PRIMING LOG. 
( SEPARATING CALORIMETER.) 

OBSERVERS: 

kr. 141,w1c>/:'zE. 
/7. A. SEA, 7.a/g 

No. 
Time. Scale reading. Amount 

of water 
in steam. 

Weight on scales. . 

Condensed 
steam. 

Quality 
of steam. Remarks. Start. Stop. Start. Stop. Start. Stop. 

oz oz 

5t 
lbs. oz. 

i J'7 - j 
lbs. oz. 

/;/ 4 5 2 : 0 ,55 6.5 1.9R - 7_ 5 - .985 ..5,4, AO Ai'L. / AI G dc:' / 1:' E -5 dc.E./r-o/r- 
_,/.2 

2 : / 2 -A 75 Z. 5 /76' - A 0/84 - 8 7 - /0 . .98 0 47E0.1 EA' TE A/D/A/G /41.4z A- 

..Z ____2,..ge,_.g:-25 

2.25 4. 5 2.23 /49- 4 /54 - 4 5 - 0 .973 W4 r Ae-dti3OSS ...Tv/i:,z Y i'V1'43 3 ; /2 4,0 6-5 25 /3 - 9 /4/ - .967 EN,e,...s ii:'L ez__Arx_FD- 5 3 .'2/ ..? .* 3/ I. 75 4,5 2. 75 /4/ - 3 /46 - 6" 5 - 5 .968 
3.51 I 75 .5.O ,x_z_3- 

-f-- 
/3 / - /2 /se - 0 - -9 .968 

1' 
. k 

E ' //. 0 .5. 5 /241- /3 /3 6 - // 9 - /4 # 966 , . 

. 

. 

- 
. 

- _ 

.. 



Efficiency of Hine Eliminator. 

Date No Initial Final Initial Moisture Eff Remarks. 

Quality Quality Moisture Removed % Final quality 

June taken by 

15 1 .987 .985 .013 .002 0 Barrns 

" 2 .984 .884 .016 .000 0 Calorimeter. 

" 3 .982 .982 .018 .000 0 

June 

A.M. 
18 1 .939 .983 .061 .044 72 Final quality 

2 .860 .984 .140 .124 88.5 takenb by Bar: 

3 Calorimeter, 

P.M. 

16 1 .965 .978 .015 .007 0 Final quality 

ft 2 .980 .980 ..020 .000 0 taken by Throttling 

It 3 .973 .978 .027 .005 14 Calorimeter. 

Tt 4 .967 .978 .033 .011 33.3 

5 .968 .982 .032 .014 44 

6 .968 .980 .032 .012 32 

Tt 7 .966 .972 .034 .006 18.7 -*Throttling Cal- 

orimeter not work 

ing satisfactorily. 

/6 
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In the first two day's tests on the Baum Separator,the sampling 

pipes were unperforated and open at the end. Since the outlet was 

at right angles to the direction of flow of the sttem,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 ti 

tests on May 23,as much water was turned on the condenser,as was donx 

on May 31; 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 samples of steam were not obtained,the results of 

these tests were not included in the curves. Probably the results 

obtained on May 24,and May 31 are reasonably reliable as the sampling 

pipes had been changed before these tests were taken. For an entirel 

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

lished. 

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

most satisfactory of the three tests. The efficiency starts from 0 

at the initial quality .989 and rises steadily till it reaches 87% 

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

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

but it is probably that there was more water in the steam than the 

separator could handle at the best efficiency. 

It is noticeable that the lowest final quality given in 
the 

test is.984,corresponding to an initial quality 
of.917,and that the 

highest final quality is .990,thou;h the initial quality 
rose to 

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

the test. 



The test on the Hine Eliminator shows remarkably poor results 
on low initial qualities,the efficiency remaining 0,down to,and in- 
cluding the initial quality .980. The efficiency runs considerably 

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

reasonably well on very wet steam. 

The final quality of the steam is noticeably lower than for 

the other horizontal separator,ranging from .978 to .985. 

The following conclusions would seem to be justified by the 

test. 

(al Unperforated sampling pipes open at the end do not give a 

fair sample of steam. 

(2) For qualities of steam above .990,the separators are prat 

tically useless. 

(3) The quality of steam delivered by the separators depends 

to a certain extent upon the quality of steam entering them. 

(4) The efficiency rises very rapidly when the initial qualit 

drops below about .990 (or in the case of the Hine .980),making a 

fairly smooth,typical efficiency curve,with the knee of the curve 

between about 70% and 90% efficiency. 

(5) Since the final quality remains fairly high,it is probabl 

that if proper arrangements were made for automatically trapping off 

the waste water,the separators would successfully shield the engine 

from sudden rushes of water in the steam pipe. 






