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INTRODUCT ION

In 1947 a paper was presented by Mr. Hugh S. Miles (17) on the design
of a steam~jot refrigeration unit. This paper comprised the collection and
correlation of available data from which the design of a sixty-five ton
unit was evolved., IBased on Miles' recomaendation that a uait bde buils for
testing the validity of the design, it was declded to construct and test a
unit in the Kechanical Engineering Laboratory.

Although commercial companies have spent consideradble time and money
on the development of steam-jet refrigeration their reasultes are not
published. By the construction of this unit much experimental work could
be done so that many conflieting points in available literature w be
clarified.

I8 is the purpose of the authors to present the method of construction
of a five ton steam-jet refrigerstion uait and the test data that coculd de

obtained in the time avallable,
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REVIEW OF LITRRATURE

Becent advances in Alr Condingming have opened a market for the
practical application of steam-jot refrigeration, Although stean-jet re-
frigeration units have deen on the market for a mamber of years the desiga
of these units has not been available. From available literature Niles (17)
evolved a procedure for the design of a steam-jet refrigeration unit., After
a description of the apparatus Miles made an energy analysis to determine
the conditions of the steam and vapor at various points as they passed
through the unit. is the actual processes through the nozzle, mixing
chamber, and diffuser did not follow the ideal or isentropic paths, it
was roouarx to introduce certain efficiency factors to account for these
losses. Yor thase sfficliency factors, Miles used recommended values which
he discussed along ‘vith other factors pertinent to the design of the nnit.-
Aftor.the determination of the steam vapor retio; which he found to de 1.53
pounds of steam per pound of vapor, the actual conditions at the throat and
exit of the noszle, the exit from the evaporator, end the inlet, throat and
exit of the diffuser were found. VWith the conditioms thus found calculations
were made for determining the size of the evaporator, nozzle, and diffusen.
Hiles then recommended the construction of a small unit for testing the
soundness of his design.

The literature examined on diffuser and entraimment efficiencies gave
varying recommendations as to the efficiency to use. The following table ig

& summary of the values given:
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Diffuser Entrainment : Hecomnmended
Efflclency Efficlency By
60% ——— ASHAVE Guide,1938 (2)
70% 65% J.C, Bertech (4)
75% 65% E.E. Sparks (23)
76% — H.G. Elrod, Jr. (8)
78% — P.R.B. ¥atson (25)
75-80% — G. Flugel (9)

Many types of spray arrangements and tanks were presented by the vari-
ous authors. Bertch (4) used a perforated flat plate, a shower head arrange-
ment and a perforated pipe in both verticel and horisontal cyliandrical
evaporator tanks. Ingerscll Rand Co. (13) used a weir in a rectangular
evsporator with the length of the tank depending upon the number of ejectors
on the unit, This netho@ exponed a larger surface of the water but did not
glve a fine division of the weter particlea., Vertical tenks gave 2 longer
fall for the water, thus permitting the water particles to separate from the
vapor before it wes carrleé off, but horisontal tanks gave a greester vater
surface. ¥rom this it would seem that the difference between horizontal
and vertical tanks was small and the choice of the type to be used was of

minor importance.
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DESIGH ABD SELECTION OF EQUIPHENT

The apparatus will be assembled in the basement of the Nechanical

‘mgineering Laboratory using the

as the condenser for the unit,

Alberger condenser that is set up there

The evaporating chamber, diffuser, nossle

and heat exchanger will be designed in accordance with the following

conditions (17).

Steam Pressure Avalilsble ------
Steam Pressure, Design --

Condenser Fressurs

ivaporator Pressurs
Yapor nality leaving evaporator

Steam nality

Chilled ¥ater Temperature --
hetura ¥Water Temperature
Foszle Efficiency (entrance to Throat) ——-ce—ee

Fozsle efficieney, overall

Diffuser Efficiency

Entrainment Rfficlency ~-

Refrigeration Effect

Compression Ratio

Cone Angle of Hozzle «-
Diffuser combining cone angle
Diffuser divergent cone angle -

Steam Vapor Ratio

Kinetic Energy (Xg)

150 peig

110 psig

2 in. Hg. abs.
«361 in, Hg. abs,

210~BTU/min/ton
5.5

10°

3

1,53 1b steam/1d

vapor
127.2 BTU/1d
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noszle exit

sn ares, square inches

connection between evaporator and diffuser

diffuser dlacharge at entrance to conienser

& dlameter - inches

diffuser throat ‘

acceleration due to gravity, 33.2 ft/sec/see.

an aetusl enthalpy, BTU/1b :

an enthalry after an isentropic proceas, BTU/1b

an actual enthalpy change, BTU/1D

sn lsentropic enthalpy ehange, BTU/1D

diffugser inlet

Joule's asnatant, 776 foot pounds per BIU

kinetic energy, BTU/1d

xinetic energy of the steam-Jet perpund of steam supplied, BYU/1V

kinet}e energy required to compress one jound of the mixture,
#U/1b

kinetic snergy of the mixture at the diffuser inlet per pound of
steam surplied, BTU/1b

xinetic energy of the mixture per pound of mixture, BTU/1d

xinetic energzy per pound of steam suppllied avallable to comnress
the vapor, BTU/1d

combining chamber

weisht of fluid, pounds

nounds per oyuere inch absolute
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pounds per square inch gauge
refrigerating effeot -- B‘I‘U/nin/ toa

entering steam

motive steam supplied through nossle

nossle throat

2 volume, cu. f4/1d

a velocity, ft/sec

qual ity of steam

steam evaporated from the water being chilled
poiat Just prior to water entering evaporator
point Jjust affer water lsaves evaporator
combining cone angle

diffuser cone angle
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G- The Cspacity of ¥he Unit

EE = Kplhy - )

2 1(1060-28)

"

1022 B?U/1b of vaper

At a comdision of 2 in, Hg. and hy = 113 BTU/1b of mixture,
vy = 376 eu ft/1b.

For a unit of five tons, the weight of vapor needed to be carried off

b

vy = Capaeity (20)
60 x BR

= §x 210
60 x 1022

= ,0172 1b/see

The sisze of the inlet into the condenser necessary to carry off this
vapor at a velocity of 200 fps is

Ya
= 20436 x 376
200

8 0.083 ‘q. ft'

Dy (144 x Adjo.vau)%
= (144 x 0.082/0.7854)%

= 3,88 sq. in. say 4 in.
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D = The Evaporator

The size of the evaporator ocutlet s determined by the volume of vapor

that has to be earried off.

Gp = welpvy

0.0172 x 0,97 x 1703.2

8.4 cfs

The velocity of the vapor leaving thes evaporator is assumed to be
100 fps (17).
Ap = qap/Vy
= 28.4/100
= 0.284 sq. ft.

Dbs(lMxA!)%
(0.785¢4 )

= (Q4dx 0.200)°
( 0.7854 )

= 7.18 in, say 8 in.

A discarded galvaniged steel hot water tank was obtained that measured
14 inches in dismeter, 40 inches long and had a wall thickness of 3/16 of an
inch, According to the ASME Code for unfired pressurs vessels with external
preasurs, a L/D nﬂo of 2,86 and a t/D ratioc of 0,0125 gives an allowable
preasure of 90 psi. This made the tank safe qfor use in this unit as the
maximum pressure that the walls of the tank had to withstand was atmospheriec

Pressure,
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The flow required in the evaporator for s ten degree F differential Dbe-
tveen entering and exit circulating water is:
Flovs capagity x 200
water temp. rise x 62.4
5 x 200/10 x 62.4

1.62 efm.

"

Since it is recommended that the fluid capacity of the evaporator be
sufficient to handle the normal flow for one mimte should the supply water
be shut off (17), a volume of water greater than 1.62 cfm is needed in the

tank., The cross sectional area of the tank is:

0.7654 x IF/ 144

| 4
1]

0.7854 x 196 /144

S 1.07 #q. ft.
The necessary height of water in the tank is:

> 1
Y 1.62/1.07
7 1.615 ft,
say h = 18} ia.

This makes the fluid capacity slightly above that required for a normal flew

of the circulating water for one mimate,



One bdooster ejector is used with only ome nossle in the ejector. The

steam discharged Yy the mossle will be:

W = vapor ratio x Wy

1.563 x 0,0172

S 0.0283 1b/ see

With equilibrum conditions exist$ing in the noszle and initially wet

steam the pressure at the throat is determined:

Pt = 0.58 x pg
= (0,58 x 123, 7
= 71.7 peia

ht ®= hg - 0.95 (hg ~ B})
= 1186 - 0.95 (1186 - 1144)
3 1146.1 BTU/1b of steam

Ve = 2323.7 (hg - by) ¥
= 223.7 (1186 - 1146.1)}

= 1411 fps

Vith the pressure and enthalpy at the throat known the quality of the

stean is found to be 96.1%.

xg x v (saturated vapor)
- 0-961 x 6,068

5.83 cu ft/1d of steam

v



From the abdove conditions the diameter of the noszzls throat is:

Ay = wavy/Vy

0.02635 x 5.83 x 144/1411

0.0156 sgq. in.

Dy = (M/O-'faﬁ"l)i
(0.0156/0.7854)%

001“ h.

At the exit from the nossle the quality of the steam is 79.2% and the
~ enthalpy 1s 862 BTU from which 1s found the specific volume v, = 1349 e
£3/1%,

%

¥ = 223.7=x K‘
& 223.7«x 33«&%

= 4025 fps

Ay 5wy vV,
= 0.02636 x 1349 x 144/4026
= 1.2’? %q, in.

D, ® (A/o.c‘rssq*
= (1.21/0.7854)*
2 1,26  say 1% inches

Having the throat diameter, exit diameter, and the cone angle of 1c° ’
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the length of the moszle i3 calculated.

L = Dy-Dy

2:tm5°

L = -
2 x 0,08748

L = 6.78 say 5-3/4 inches.

The inlet to the nozzle is the arc of a circle vhose radius is three
times the throat dlameter, and the entrance emd of the noszle will de
threaded with 1} inch American Standard Pipe threads. The noszle is made
of brass to prevent rusting,

The length of thread on the entrance ead of the noszle is mﬁo&:

x; = (0.8D ¢ 6.8)P

(0.8 x 1,66 # 6.8) 0,087

where: L ®= length of effective thread in inches
D S pipe diameter in inches
P = pitch of thread

The threaded portion of the base is 1i inches long and the hexagonmel
head on the nossle is centered on the throat. The total length of the
nossle is3 14 # 14/2 # 6-3/4 = 8 inches. The rim at the sxit of the no:ile
is made 1/8 of an inch thick, thus making the outside diameter of the di-

verging portion of the mossle 1§ inches. The hexagomal head is made 2§
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inches across flats and 13 inches wide.

The nozsle 1s placed in position hy fastening it to a plece of 13 imch
pipe hy means of a coupling and screwing the pipe into the flange. ZThis
method is used for positioning the nosizle since by varying the length of the
pipe, the noszle can be placed in any dun;od position. The flange was

fastened to the tee by mesns of eight, 3/4 x 3 inch bolts.

I =~ The Diffuser

¥rom page (T) the kinetic emergy (Kc) of the mixture at the inlet to
the diffuser is 127.2 BYU/1b. 7This kinetic emergy corresponds to a

velocity of:

v, = 223.7(xy)"
v, = 223.7027.2)}
S 2620 fps

The welght of the mixture, w,, is the weight of the steam and the vapor.

w® Wi w

0.0264 # 0.0172

0.0436 1b/sec

The onihalpy of the mixture at the inlet to the diffuser, (hy), is
1004 BTU/1b and the pressure corresponds to that in the evaporator which 1s

0.362 psia. The specific volume of the vapor at these conditions 1is,
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vy T 1577 eu ft/lb.
From the above conditions the area of the inlet to the diffuser can

be caleulated.

Ay = vy X vy/Vy

0.0436 x 1677 x 144/2520

1]

3,93 8q in,

Dy = (af0.7854)%
= (3.93/0.7854#

2 2.24 inches

To determine the throat diameter of the diffuser a series of approxi-
mations vere made at various pressures to determine the pressure at which
the area is a minimum, As the pressure at the throat is approximately |
Pdlz or 1 inch Hg. abs., calculations are made at 1.0, 1.1, and 1.2 inches
of Hg. abdbs, pianurn. The kinetic energy at d is considered negligidle.

Agsuming isentropic compression from the inlet to 1.1 inches Hg.,

b ;- By 1063-1004

59 BTU/1®

As the actual compression path to 1.1 inches Hg. abs. requires more
work it is necessary to use a diffusger qfficieaq which will account for the

loss of energy.
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Ba=hy® byt By

59/.76

"

78.7 BIU/1»

1004 # 78.7

bha

1082.7 BTU/1b

From the general energy equation between the throat of the diffuser and
the discharge into the condenser the mixture velocity at the throat is

deternineds

W R RV AW R /2%
1082.7 # rf.,ja.t = 1A 4o

'1'1 S 1555 fps.

The specific volume of the vapor at a pressure of 1.1 inches Hg. abs.
and an enthalpy of 1082.7 1st V¥; 1 = 588 cu. f/1b.

The area o0f the throat at these conditions is:

M1 wn,1/%1 .1

0.0436 x 588 x 144/1588

11

2,375 aq. inches.

By the samemsthod of calculation the area at 1.0 inches Hg. abs. is

found to be 2.415 sq., inches, the area at 1.2 inches Hg. abs., 2.420 sq.



inches. As the smallest area occured at 1.1 inches of Hg. abs., this area

i3 nsed to determine the diameter of the throat,

L~
L]

(11.1/0.7854)%

(2. 375/0.?354)%;

1,748 inckes.

The length of the straight section of the throat is taken as two di-
ameters, or L ® 2 x 1,746 = 3} inches lomg. A combining cone angle of 32®
is used and the combining cone is joined to the throat by an arc with a
radiug of eight throat diameters, or R = 8 x 1,746 ® 14 inches,

The sise of the svaporator outlet is 8 inches (pagell) so an eight inch
cast iron tee 1s used for the combining chamber. This made it possidle %o
have the outside diameter of the combining cons of the diffuser 74 inches
vith an inside diameter of 6, inches.

The length of the converging portion of the diffuser is determined Yy

L = D=
2 tan 16°

2 t.un..l.S.a

7.33  say T inches.

u

 fhe length of the chord from the inlet to the throat is determined as:

Lo [Pl



[142 - {14—(2. 25;1.75)}2]%

2.56 say 2-9/16 inches.

The diffuser is designed and cast in twvo parts which facilitates the
machining of the inner surfaces. The diffuser is made of cast iron and the
walls are cast one~half an inch thick, A portion of the throat sectiom 3}
inches long is included in the low pressure end, making the total length of
the low pressure end 74 # 2-9/16 # 25 ® 12-5/16 inches. A standard
flanged fitting is position;d on the low pressure section of the diffuger so
that the rim on the entrance of the diffuser is one-half inch from the edge
of the evaporator vapor outlet,

Assuming & velocity of 200 fps at the discharge from the diffuser and
with the enthalpy and pressure known, the gpecific volume of the mixture 1is

found to Be vy = 376 cu. ft/1b. The dlsmeter of the diffuser exit is

then determined:

va¥a/ Y4

0.0436 x 376/200

Ay

11.8 sq. inches.

Dy = (A/o.'rassﬁ

= (11.8/0. ?azm)’S

3.88 say 4 inches,

The diffuser is cast with a standard four inch flange on the exit ia



order that a standard four inch 90° elbov cam be used to connect it to the
inlet on the condenser. A standard 1-3/4 inch flange is cest on the throat
end of each portion of the diffuser,
The length of the high pressure diverging portion of the diffuser is
determined by:
L & D
2 tan 3°

=
2x 0.0624

214 inches.

A one ineh straight section of the throat is added to the high pressure
section tbns making the total length 21 £ 1 = 224 inches.

The position of the nozzle exit in relation to the inlet of the diffuser
is dctoninod hy projecting the cone of the nozsle to the inlet of the
diffuser. This distance is detersined as:

distance a~i = D!-g!
2 tan 6°

= g,zs-;aﬁg
2 tan
2 5,728 inches.

The nossle is placed 5.725 mimus 7.260 or 13 inches inside the diffuser
entrance. The diffuser entrance is 18 inches (distance between flange faces

on the tee) mims 4; inches or 13: inches from the back face of the tee.



2he exit of the nozsls is thersforel? plua 1§ or 15 inches from the back

fagce of the %es.

- $ Ex

As the primary abject of the investigation was the refrigeration of the
unit a method had to be devised to put a load on the unit. The simplaest
method of doing this was to circulate the chilled water through a heat ex-
changer,

The heat exchanger was designed accerding o the principles in
Gaffert's (18), %o furnish the heat equivalent of elight tons of refriger-
ation, using a steam supply of 140 psi gage pressure. The heat exchanger was
made with an excess of three tons capacity to ha.adlé any extra refrigeration
that the unit might have and to make it possible to vary the temperature of

the eirculating chilled water.

A suitadle écntrifusal fasp avallable in the laboratory was used as a
eirculating pump. The pump waa an Ingersoll Iindkodd B, Series 09400643,
Typs Z1AN-NSI rated at 10 zallons per mimute against a 70 foot head. A flow
of ten gallons per v-imta is the equivalent of 1.40 ofe which 1s slightly
below the desired flow. The reduced flow would not materially change the
results other than having a circulating water temperature difference greater

than 10 degrees.



1 = The Jpray Noszle

The spray noszle is made from a 14§ inch section of 3/4 inch wmought
iron pipe. The netessary area for the discharge of the retura water at
1.40 cfs was determined by making the total area of the discharge holes two-
thirds of the flow area of the pipe, With discharge holes 7/64 of an inch
in diamster, 34 holes were needed. The discharge velocity from these holes
is:

v = Nlx
A

= (L.:m(g#)
(0.1091)" x 0.7854 x 34 x 60

10.62 fps

At this velocity the water will strike the sides of the tank and break up

into a fine spray.

1l - The ¥ater Meters. In order to determine the refrigerating effect it vas
necessary to measure the rate of flow of the chilled water. 4 Tropie rotary
disk wvater meter, mumber 1561922, was procured that would measure the flow
of water in hundrediths of a cubie foot. This meter was manufactured by the
Pittsturg Bquitadble Keter Company.

A water meter was also needed in the make up water line to determine the
amount of make up water suprlied to the evaporator, A Worthington rotary

disk water meter, mumber 1334006, which measured the flow of water in
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gallons was obtdnlod.

2 - The Pressure Gauge. A Lonersan pressure gauge, Mechanical Engineering
Laboratory numdber 107, was secured to measure the steam pressure supplied to
the noszsle of the steam-jet ejector. This pressure gauge had a range tiou
30 ln\chu Hg, vacmm t0 150 pounds per square inch pressured.

3 - The Presgurs Regulating Valve. 4 K & T pressure regulating valve vas
used to maintain a constant preasure on the ateam noszile.

4 - The Thermonsters. Two nitrogen filled Mercury thermometers, ranging
from minus 30 degrees to plus 120 degrees Fahrenheit, and made Yy the
Fisher Sclentific Company were used to measure the temperaturs of the

chilled water and the return vara water,
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CONSTRUCT 10N

The initial step in the construction of the steam-jet unit was the
fabrication of the evaporator tank from a section of an 0ld water tank.
After drasging the top, the threadolets, and couplings into position, the
evaporator was tested for air leaks by subjecting it to 50 psig alr pressure
and By applying a soap solution to the drazed points.

The evaporator stand {which consisted of a steel plate draged to one
end of a four inch pipe) was placed in position at the end of the Alderger
c?mdcnnor. This position and the height of the stand were deternined by the
location of the steam inlet at the top of the condenser. Then the evaporator
was placed on the stand and draced.

The heat exchanger was made from a six~-foot section of five-inch pipe
by brazing the ends and threadolets into position. It, too, was tested for
leaks, and then made secure on the wall., The near-by high~pressure steam
line was tapped, and a line was installed to the steam connection on the
heat exchanger. An impulse steam trap was put into the drain line which
carried the condensate from the heat exchan;er to the main drain aystem in
the building. |

When the chilled-water pump was obtained, it was instailed temporarily
along with the piping for the water circulating system. A priming line and
a line to the gland seal vere added to prevent air from leaking into the
system. A water meter having been placed in both the eirculating line and
the make~-up line, thi main water line close YWy was tapped, and fhe make-up

line connected. Thermometer wells vere placed in the make-up line, and in
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the discharge and entrance lines to the evaporator, in order that tempera-
tures could be obtained for calculating the external load or refrigersting
effect of the unit.

The throat diameter of the nosszle was larzer than specified in Llhe
design, s0 a tapered insert was made for the entrance end in order to attain
the desired throat diameter. The inside surface of the diffuser was un-
finished when it arrived, but, by use of the lathe in the laboratory, and of
a special boring tool which was made, the insideaf the diffuser was machimed
%0 a reasonadbly good surface. |

After the tee was bolted down on top of the evaporator, the diffuser
was bolted to the tee. The four-inch elbow was faatened to the condenser
entPance, and the four-hy-eight-inch flanged nipple inserted bdetween the el-
bow and the diffuser exit, thus completing the installation of the 4iffuser
section,

A rudber gasket was usod' between the tee and the evaporator, Mt for
all other joints, asbestos gaskets were employed.

From the steam line going to the heat exchanger, a :telu connection was
mnade to the ionlo agssembly. When a welght-and-lever type -toaﬁ redusing
valve had bdeen put in this line t0 reduce the steam pressure, s stean
pressure gage was installed for reading the pressure. A throttling calo-
rintor was also attached to this steam line in order that the quality of
the steam entering the nosrle could de determined.

It was felt that the Bourdon type ncunn goge on the condenser would

not give sufficiently accurate readings of the back pressure, so a vertical
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U=tudbe mercury monometer was constructed and connected to the condenser,
The monometer used for measuring the pressure in the evaporator was a
thirty-degree inclined U-tube mercury monometer, since a very small pressure
change here would have congiderable effect on the results,

A dlind flange was bdolted to the exit end of the diffuser, and the
entire unit was put under a 40 psig alr pressure and tested for leaks by
applying a soap solution. It should be noted that, during the cénltractiaa.
ovori precauntion was taken to eliminate the possidility of leaks by apply-
ing pipe compound to all gasket and threaded pipe joints.

Approximately one inch of asdestos insulation was used to cover the |
entire evaporator and tee section of the unit to decrease the smount of heat
transferred to the unit from the surrounding air. MNagnesia pipe insulation
was put on all the steam lines to decrease condensation of the stesm, and
corrugated asbestos insulation on the chilled~water lines to laauri the best
regalation of load at the heat exchanger.

Calidration of the instruments was a relatively simple matter, as the
~only instruments to be calidrated were the water meters, the stean-pressure
tage, and the thermometers. The water meters were checked bLy weighing the
water flowing through them on a set of platform seales for various rates of
flow. The water meters were within one per cemt aicuraqr. o 2o salidration
curve vas nesessary. The pressure gage vas tested on a Shaeffer and
Budenburg Dead-weight Pressure Oege Tester. The gage vas found $& be accu-
rate to within tvorpounnn for the range from 35 psig to 150 paic.' This

acouracy was deemed sufficient for all practical purposes.
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Several thermometers were obtained and comparison of their readings
made at various temperatures. Two thermomelers which read the same at all
tamﬁeratures within the range of measurements desired were used for determin-

ingethe chilled water and return water temperstures.



FEOTOGRAPE OF STEAM-JET UNI?
(see next page)




KBY 70 PEOTOORAPK

1 = Diffuser
2 - Tes or conbining chanber
3 -~ Braparator Taak
4 - Rozsle Assemdly
Pressure Gage
Redueing Talve
5 = Qutled for Nanomeler
6 ~ Albverger Condexser
7 « Chilled-Nater Outlet
§ - ¥ater Line %o Spray Yesmxle
9 « Nake-Up Vater Line
10 - Condanaer Nanometer on Bvsporator Stand
11 ~ Switeh Box fer Chilled-Water Cirsalating Fump
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PROCEDURE

The unit was started by the filling of the system and evaporator to the
proper vater level; the turning on of the circulating water for the con~
denser to allow cool water $o pass through the condenser tudbes; the opening
of the stsam valve to the second stage of the condenser ejector; and the
starting of the condensate pump. The coolling water to the inter-condenser
on the first stage ejector was opened to about three-fourths of a turn,
¥hen the vacuum in the condenser was about twenty-two inches of mercury, the
first stage ejector was cut on, and after the condenser pressure was reduced
to two inches of mercury absolute, the booster ejector on the evaporator was
turned on, and the chilled-water pump started to allow the cooling water to
be circulated through the load or heat exchanger. When the desired value of
the chilled-water temperature hai been reached, heat was added to the water
by means of steam admitted to the heat exchanger, in order that the water
might be kept at the correct temperature.

Upon completion of the preliminary tests, which were run to familiarise
the authors with the operation of the unit, the test runs vere begun ty
placing a one and one-quarter-inch nipple ia the noszsle assembly in order to
put the exit end of the nozzle fourteen and three-quarter inches from the
back face of the tee, Tais was approximately at the calculated nozsle
position of fifteen inches. The condenser pressure was set at two inches of
mercury absolute by the regulation of the cooling water, and the steam
pressure reducing valve was regulated so that the steam pressure gauge read

110 paig. The temperature of the water leaving the evaporator wvas maintaimed
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at fifty degrees Fshrenheit by the addition of steam to the heat exchanger.
¥hen equilibrium corditions were attained, the following readings were re-
corded: ocondenser preasurs, steam pressure, darometric pressure, tempers-
tures of the water entering and lsaving the evaporator, room temperature,
temperature of the flange on the four imeh aldow, chilled water flow, and
ti;e time. Also, the relative temperatures of the diffuser were detormined
by feeling the various sections, eapscially at the throat. Similar runs
vere made vith the condenser pressure at 1.7, 1.4, and 1.0 inches of
mercury absolute. The unit was operasted at least tea minutes iﬂor equi~
1ibriun conditions vere estadlished before readings were taken, These tests
vera repeated with the nosxzle in eleven other positions, ranging from
thirteen and one-Quarter inches to sixtesn and one-sixteenth inches.

Tests vere made at one and two inches condenser pressure with steam
pressures ranging from thirty-five psig to one~-hmndred and forty psig while
the noszsle exit was fifteen and one~quarter inches from the dack flange. A

set of tests was also made with the chilled water temperature varying froa
40° ¥ to 70° 7, vhile the steam pressure was one~hundred and ten psig, and

the condenser pressure ons inch mercury,.

¥hen the adbove tests vere completed, the ateam pressure gage vas agaim
calidrated, snd vas found to have a constant negative error of nineteen psi.
The gage was oorrected and tests repeated for seven different nosile po-
sitions at one inch and two inches condenser pressure, vﬁh the steam
pressure at 110 psig. A set of runs was made with the chilled-water

temperature varying from 40° ¥ to 75° ¥ while the condenser pressure was $wo



inches msrcury, and the nossle exit was fifteen and one quarter inches.
Additional tests were run for the unit operating under different steam

pressures. The maximum steam pressure available was 140 psig.
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DATA AND RESULYTS

Table 1

Yarying Back Pressures at Different Nozsle rFositions

Nossle Fosition 13} iaches

Cond. Barsm, Tosp. Toxp. Tenp, | Tomp. Stm. Corr. 3Stum. | “mant., | R. K °

Vacoum | Rdg. B out | H30 in xg? Flange | Press. | Press. Rov % 50

In. Bg. | In. Hg. Y Oy y peig psig ofs ton Comments®

26,20 | 28.22 65:0 | 66.5 Fso 107 110 2 1.42 T verm

26420 28432 66,0 n;,.g 90 210 110 91 dad2 Vars
65.5 8 1.42 37

26,50 | 28.22 57,0 | 8.8 | 90 110 110 9 1.42 Vara

26450 8,22 86,7 58,4 | % 110 110 9 a3 Yarm
86,59 58.6 1.42 +63

26,80 28.22 50.0 53,2 86 108 354 1 92 1.42 Cold=-3

26,80 B.22 5.0 53.3 88 104 11 92 ] told=2
50.0 83.23 1.42 | 1.37

27.20 28,22 50,0 53.5 89 1c8 11 92 1.43 Coldf3

27.20 ;.22 50.4 538 89 106 i 92 143 Caldé2
50.1 53,7 le42 | 1.60

Sthe flange at the throat of the diffuser is used as a reference point for the cold spot.
A (=) tndicates the distance from the throat on the low pressure end of the diffuger and
a (#) refers to a noint on the high pressure end,



Table 1 continued

Varying Back Pressures st Different Nossle Positions

Nossle Position 13-3/4 inches

Cond. Barm, Teup, Temp. Temp, | Temp. 3tm, Corr. Stm. | Quant. | R.%,
Vaouum | Rdg. Raoomt B ia Rgn ¥lange | Press. | Preas. Novw ¢ 80° | Comments
In. Hg. | In. Hg. b | r b 4 oy psig peig efs toa
26.34 28,33 6.9 63.8 1 112 110 9 1.42 ¥ara 0
26.33 28,33 82,1 | 84.9 88 Nz 110 9 .42 ¥arm O
82,0 63.9 1.42 .58
26,683 38,33 57.0 58,8 85 114 110 )1 1.42 Warm 0
26,63 28,33 5.0 | 88,7 88 112 110 N 1a48 Vara 0O
57.0 88.7 1.42 .60
26,94 28,33 0.0 53.2 85 100 110 N 1.42 Cool-2
26,96 28.33 50,0 53,2 88 98 110 9 de42
50.0 §3.2 1.42 | 1.42
27.34 28.33 50,0 53.9 85 100 110 21 1.42 Coolf2
a7.34 28.33 50,0 53,9 88 98 110 N .42 Coolfd
50.0 - | 53,9 1.42 | 1,73

.“ -



Nosslie Posldion 14 inches

Table 1 continued

Varying Back Pressures at Different Roszle Fositions

Cond. Bara, Temp. Temp., |Teap. Temp, |Stm, Corr. Stm, | “uant. | R.E.
Yeouus | Bdg. Kgg oud 322 in |Boom Flgac. FPress. | Fress. Now & 50° | Comments
In. M. | In. Hg. F Y Op ¥y |psig psig ofs ton
268.00 27.97 83.7 64.8 99 110 111 92 1.43 Varm O
26,00 27.97 83.7 | 64,8 o9 112 110 21 .43
83.7 64.8 ) 1.42 .28
28,30 27,97 56.2 7.8 99 109 110 91 1.42
26.30 .97 56l | BLS 99 110 110 9 42 Cool =
6.2 57.7 1.42 .58
36,60 27.97 50.0 53.1 99 113 12 83 1.42 Cool O
26,60 .97 ﬂ,% B3 .% 100 108 112 93 p >
w. 83. 1.42 1'33
27.00 27,97 50.0 53.1 10} 108 110 91 1.42 Cold O
27.00 " 27.97 50.0 | B30 101 - 110 91 d:.42
50.0 83.0 l.42 1.33

€=



Tadle 1 contimed

Yarying Back Preassures at Different Nossle Fositions

Boszsle Fosition 14-3/8 inches

Cond. Barm, Temp. Tenp. Texp. | Temp. | Stm. Corr. Stm. | (mamt. | BR.E.
Vaouun | Rdg. B0 out | M;0-4a | Room | Flange | Press. | Press. Nlov | © 50° |Comments
In. Hg. | In. Eg. y °y oy oy psig peig efs ton
26.30 28.18 | 82.0 63.3 | 9 110 110 9 1.43 Cool-7
36.20 28.18 | 63.0 83,3 | 91 110 110 9l
62.0 83.3 1.42 | .3
26.50 | 28,18 | 54.8 | 56.4 | 93 | 108 | 110 9 1.42 Cool?
26.80 28.18 | 55,3 56,9 | 93 108 110 0 42 :
58.0 56,6 : . 1.42 | .60
26,80 28.18 | 50.0 52,7 | 93 103 110 92 1.42
26.80 38.18 | 80,1 52,8 | 9 100 110 Y 242
50.1 52.6 1.42 | 1.1 | Cola-8
27.20 28.18 | 50.1 54,6 | 91 94 110 91 1.42
27,20 28.18 | 500 8.8 | 1 92 110 9 dadz
50.1 54.6 1.42 [1.58 | Cola 0




Table 1 continued

Varying Back Pressures at Different Nozzle Positions

Nossle Position 14-3/4 inches

Cond. Bara. Temp. Temp. Tenp., |Temp. Stm, Corr. Stm. | mant., | R. K, o

Vacunm Rdg. Hx0,0ut | KO0 im | Room Flange |Press. | Press, Mow & 50 Conments

In, Bg. | In. Hg. y oy op oy psig | pelg ofs ton

28.18 28.13 668.5 88,0 a2 112 110 2 8 1.42 Cool O

26.13 28,13 §7.) 9 112 110 91 42 Cool O
660 8 88 . 3 1 . 42 L] 35

26,43 28.13 61.0 63.3 2§ 112 110 ) § 1.42 Cold-?7

28.43 28.13 81,0 83.3 ) § 112 110 ) § i.428 Cold-?
61.0 63,3 1.42 .68

26.78 28.14 50.8 53.2 )1 108 110 91 1.42 Coldm?

26.78 28,14 50.8 . 9 108 110 )1 dad2 Cold~7
50.8 83.2 1.42 1,08

ar.19 28.14 50,1 63.4 87 103 110 91 1.43 Cold-1

.13 28.14 5Q.B 87 103 110 91 l.42 Cold-1
B80.3 53.8 l.42 l1.468

o



Pable 1} continuved

Varying Back Pressures at Different livozale Positions

Nogsls Position 15-1/3 inches

Cond., Barm, Temp, Tenp. Temp, | Tomp. Stn, Corr. Stm. | Wuant., | R.&, o
Vacuum | Rdg. B0,0ut | HxO in | Room | Flgnge | Press. | Press. Flov @ 50° | Comments
. ¥g. | In. Hg. b 4 oy 4 peig | pelg ofs ton
38,80 27.82 83.0 84.8 104 120 110 9 1.42 Cool~?
26.80 27.82 83,0 64,7 104 122 110 91 1.42
63,0 64.7 1.42 .48
26,10 27.83 | 56,5 58.5 | 102 - 110 0 1.42
26.10 27.82 58,8 88.5 103 - 110 ) 1 dad2 Coole?
58.5 68.5 1.42 74
36,40 27.82 52.0 54.5 103 106 110 9 1.43 Cool O
28,40 27.82 B0 | 525 102 108 110 )
51.6 54.0 1.42 1.1
28.80 27.83 50.0 54.4 103 83 110 91 1.42
28,80 37.83 50,0 54.4 103 93 110 )1 142
50.0 54,4 l.42 | 1.98

oy -~



Table 1 coatimned
Varying Back Pressures &t Differeat HNoszzle Fositions
" Nogzsle FPosition 163 inches

Cond. Barm, T‘po !.’P. Temp. Temp. 3tm. Corr., Stm. waant . R.XK,
Vacuum Rdg. H20 °ont Kgool.a Hg;n thgo Press. | Press. Flow @ 50° | Comments
In. Hg. | In. Hg. ¥ ) 4 b 4 peig peig ofs ton
26.24 28,22 51.4 53.4 81 1086 110 91 1.42 Cold-8
26,32 28,22 2.0 54.0 )8 107 110 2§ .48
5.7 53,7 1.42 .87
26,50 38,32 50.1 53.1 90 107 110 N 1.42 Cool 0
28,82 28,22 50,90 $3.2 90 107 110 3 8 1:42 Coal 0
50.1 83.1 l.42 1.33
26.82 28,22 50.0 54.5 90 108 110 )] 1.42 Colé-2
26.82 28,23 50,0 8.5 90 104 110 91 .42 Cold=l
50.0 64.6 1.42 1.99
27.22 38,23 50.0 54,7 23 83 110 921 .42 Colé~0
37.22 28,22 50 4.7 93 92 110 91 1.43 Cold=0
50.0 54,7 . 1.423 2.4

.




Tadble 1 continued

Yarying Back Pressures at Different Nossle Positions

Foszsle Position 15-5/16 inches

Cond, Bara. Temp, Temp. Temp, | Temp. Stm. Corr. S%m. | uant. | R.E. °

Yaouum Rdg. agcsoout nao.xn Room nsnp Press.| Preas. Flow @ B0 Comments

In. Ng. | In. He. ¥ ¥ ° T | psig | peig ofs ton

26,76 27.74 55,0 87.0 96 108 112 923 1.43 Cold-6

25,76 27.74 86,0 95 107 111 93 .43
54,8 56,7 1.43 .78

26.10 7.7 50.1 53.5 94 104 111 93 1.42

26,10 7.74 50,0 54,0 28 103 m 922 §.ﬂ Cold-5
50,1 54.7 43 | 1.84

26,34 37.74 50.0 654.4 94 103 110 91 1.42

26.34 27.74 50,0 98 98 111 92 1,42 Cold~4
50,0 54.4 142 | 1.99

26,78 7.74 50.3 85.2 94 88 110 9 1.42 Coldfl

26.78 27.74 8.2 88.3 94 8l 11 92 1a43 Coldfa
50.3 55.2 1.42 | 2,17




Table 1 continued

Varying Back Pressures at Different Nozxle Positions

Nossle Position 15.7/16 inches

Cond. Berm. Cemp, Temp. Tenp. | Temp. 3tm. Corr., Sta, | aant, E.l.e

Vaguum | Rdg. Bg0,0ut | B0 in | Rgom | Figage | Prees. | Fress. Flow | @ 50 | Commeats

Iu. g‘t in, Bg. 4 o’ f 4 4 P.i‘ P‘i‘ efs ton

25.75 ar.78 56.6 o3 102 104 112 93 1.42 Cool-4

25.78 27.78 86,0 5.1 102 109 110 91 142 Cool-4¢
B6.3 88.0 1.42 .64

26.10 ar.78 .+ P9) 102 115 110 91 .42 Gool~6
80.3 52.8 1.42 | 1.0

26,40 27.78 50.0 B3.5 103 114 110 91 1.42 Cold~4

26.40 27.78 50,0 53,3 103 12 110 %1 1,432 Cola-4
50,0 53.4 1.42 |1.8

26.80 2198 | 50,0 54.3 | 103 96 110 9 1,42 Cela~l

26.80 27.78 50,0 54,4 102 88 110 91 143 Celd O
50.0 54.4 1.42 | 1.¢98

gy~



Table 1 continued

VYarying Back Pressures at Different Nozale Fositions

Nossle Fosition 15-5/8 inches

Coad., Barm, Temp. Temp. Temp fexp. Stm. Corr. 3tm. | want, | KR o
Yacuum Rég. HOous | H oﬁu losn ng;go Press. | Press., Flow & 80 Comments
In, Hg. | In. Hg. oy 4 paig peig efs ton
36.%0 28,36 67.6 69.3 82 108 110 93 1.42 vars
26.30 28,26 §L.2 [T} 82 109 110 93 Aad2 Yara
87.7 69.0 1.42 <20
26.56 29,268 80.0 8.6 82 107 110 93 1.42 Cool-?
26,86 28.26 60,0 8.6 82 107 110 83 .42
60.0 61.6 1.42 .50
26.86 28.26 52.8 54.4 82 102 110 93 1.42 Cold~5
26.86 28,236 53.2 54,3 82 98 110 93 A2 Cold«-8
82.5 54,3 1.42 .73
27.26 48,26 50.1 54,0 83 92 110 93 1.42 Colaf2
27.26 28.26 m.} B4.0 82 88 110 93 .42 Celd(~1)
80. 54.0 1.42 | 1.73

e



Tadle 1 continoned

Varying Back Fressures at Different Hoxszls Positions

Nossle Position 18-1/16 inches

Cend. Bara, Tamp. Temp. Tonp. | Tomp. S¢tm, Corr, Stm, | Quant. | R.Z,

Yacuum Rdg. H30,0ut | H20,4m | Room Flange | Press. | Press, Flow ® Comments

In. Bg. | In. Hg. Y 7 e ] ® | peig | petg cfe ton

26,22 28,23 69.0 70.0 as 108 110 9 1.42 Cool-7

26,22 28,23 §3.0 20,9 86 109 110 91 1.43 €00)="

| 69.0 70.0 1.42 .32

26,56 . 28,23 63.5 65.0 84 107 110 91 1,42 Caol-2

26.865 38,23 £3.8 858.1 84 107 110 01 1.42 Cool~3
63.5 85.0 1.42 .8

26.82 28.23 50.4 83.4 83 96 110 21 1.42 Oold=3

26.82 28,33 2.0 §§,9 83 $5 110 91 1.42 Cald-2
50,7 52, 1.42 .89

26,22 28,33 50,0 53.2 82 89 110 9 1.42 Colédd

26.23 28,23 503 53,8 823 88 110 91 .42 Coldfl
50.1 63.4 1.42 | 1.42




Pabls 1 contimed

Varyiang Back Pressures at Differeat Hossle Positions

¥ossle Position 16~9/16 inches

Cond. Barn. Tenmp. Temp. Temp. | Temp. Stm, Corr. Stm. | Quant. R.l.°
Yaouun Rag. Hgo'out xgoon Rag; n‘m Press. | Press. Tow ) Comments
Ia. Hg. | In, Eg. ¥ r 4 peig peig cfs ton
28.92 .98 | 68.0 69.0 | 105 | 105 110 g1 1.42 Gool O
35.92 7.98 68,0 70,0 108 107 110 91 1,43
68.5 69.5 1.42 .33
26.28 27.96 | 63.6 64,7 | 106 | 118 110 9 1.42 Gool 0
8.7 27.98 63.4 84,5 108 116 110 03 .43
63,8 84.6 1.42 <20
26,58 27.98 50,0 8.8 106 117 110 91 1.42 Gold O
28,88 27.98 5.0 8.2 106 118 110 s1 .42 Cold O
50.0 5.8 1.42 .80
27.0 27.98 80.0 63.0 106 117 110 91 1.42 Colafz
.0 27.95 5.0 53.0 108 17 110 1)1 hedZ Coldf2
80,0 63,0 1.42 | 1.33




Nossle Position 13% inches

fable 2

Varying Back Pressures at Different Foxsle Pogitions

Cond, Barm. Temp. Tenp. Temp, Tenp, Stm, Gorr, Sta. ‘cuant. EL,
Yacuus Rég. H20 out | H20 in | Room Ylange | Press,| Press, Flow © B0 Coxments
In. Hg. | In. Eg, oy oy oy oy peig | pelg ofs toa
26,68 27.68 52,9 54.0 93 108 110 110 1.43 .46 Good
26,68 27.88 80.0 54,4 92 100 110 110 1.42 1.98 Cold O
!oni. Position 14 inches
g v

26,0 7.94 62.5 64.1 98 108 110 110 1.42 .45 Cood
27.0 37,94 50.4 83.0 9 95 110 ilo0 1.42 1.18 Colads
Nossle Position 144 inches
35,68 37.68 56,5 §7.6 20 102 110 110 1.42 <40 Varm
26.68 27.68 623.0 53,8 90 108 110 110 1.42 . Coldj4
Fossle Fosition 15-1/16 inches
35,82 27,82 87.0 58.5 91 106 110 110 1.42 548 Cool
36.82 a7.82 8.0 54.8 21 109 110 110 1.42 1.69 Colafs
Nosale Position 15} inches

= ——— -
36,82 27.82 50 54,4 98 113 110 110 l.42 1.95 Cold~7
28,83 37.82 50.4 556.3 94 76 110 110 1.42 | 2.7 Goldj8

“€g~



Tadle 2 continued

Varying Back Pressures at Different Nossle Fositions

Cond. . Bara, Temp. Temp, Tenp., | Temp. Stm. Corr. Stm. | Quamt. | R.X. .

Vaouun Rdg. xgoaeut Kaooiu Rogl nsn‘o Press. | Press. Flow é Bo Comnents
In. Hg. | In. Rg. 4 ) 2 )  § psig peig efs ton

Hozrle Position 155 inches

26.83 av.82 53.8 B4.4 20 108 110 110 l.42 .67 Cool
26.82 27.82 50.} 54,8 90 100 110 110 1.42 | 1,98 Coldf4d
Noszle Positien 16-1/8 inches

26.94 37.94 50.0 53.0 93 93 110 110 1,42 | 1.33 Coldfs




Table 3

Yarying Steam Pressurss

Cend. Barm. Temp, Temp. Temp. | Temp. Stm, Corr. Stm. | mmmt, | R. !.o

Yacuum Rég. Kaooont K20 gn log. n‘.nge Pregs, | Fress, ¥low « 80 Comnents
Ia., Hg. | In, Hg. ¥ ¥ 4 ) peig peig cfs toa

Y¥oszle Position 155 inches, Hack Pressure 1 inch Eg.

26.8 .78 80.0 58.0 0 80 110 9l 1.42 | 2.4 Cold O
26.8 N, 60.1 58,1 101 96 125 106 1.42 | 2.2 Cold O

26.8 27.78 £0.0 58,0 101 108 130 EB 4 | l.42 | 2.22 Coldf2

26.8 27.78 80,0 55,0 28 104 98 76 1.42 2.22 | Cele-3

26,8 .78 50.0 58.0 97 93 80 81 1.42 | 2,23 Cold=2

26.8 - 27.78 50.1 55,0 "7 20 85 45 1.42 | 2.17 Cold~3

26,8 7.78 §0.0 53.8 93 a8 50 a 1.42 | 1.59 Colé~4

35.3 3".73 &.5 50.0 “ 88 35 15 1. ‘2 '“ 3001-7

7.0 2r.93 50.0 54.8 93 78 150 13 1.42 | 2.13 Colufs

27.0 27.93 50.0 88,0 93 79 78 56 1.42 |2.22 Cold-2

7.0 27.93 50.2 50.0 93 80 60 41 1.42 | z.12 Cold~7

2%7.0 27.93 50.0 62.2 23 81 40 a 1.42 .93 Oola=7

36.8 27.83 50.1 58.0 94 84 140 140 1.42 2,17 Celdflz
26.8 27.82 50.4 58,3 94 76 110 110 1.42 | 217 Coldf4




Tadble 3 continued

Varying Steam FPressures

Cond. Bara. Temp. Teup, Temp. | Temp. Sem, Corr. S$tm, | Gaants, | R.R.
Vaeuum | Rdg BgQ out | H0 in | Room | Flgnge | Press, | Fress, Yiow @ 50° | Comments

In, Hg. | Ian, Hg. ) 4 Sy ¥y psig pelg cfs ton

Nozale Position 155 inches, Back Pressure 2 inahes Hg.

26.0 27.96 0.0 54,8 93 110 180 ia 1,42 2.0 Cool=7
36.0 27.98 50,0 54,1 93 110 132 113 1.42 l.82 Cola~7
26,0 27.98 §7.0 §2.0 92 112 100 81 1.42 .78 Cool~?
26.0 27.98 50.0 52.8 82 112 116 98 l.43 1.23 Cool=-7
26.0 27.98 8C.0 54,3 93 113 139 110 1.43 1.0 Cold-?
26.0 27.94 50.0 54,4 92 112 140 iz 1.43 1.96 Cola-?
38.8 27.82 80.0 £.0 98 112 137 i3 1.42 2.32 Cold-?

5.8 27.83 5C.0 84.4 98 112 110 110 .42 1.98 Coli=-7




Table 4

Varying Chilled-¥ater Temperatures

Cend, Barm. T emp. Pemp., Lenp. | Temp. Sta. | Corr. Stm. wuant.| R.E, o

Vacuun Rig. Hz0 out | Hy0 in | Room Flange | Press. | Press, Yiow | € 80 Comnents
In. Hg. | In. Hg. O °y oy °r peig peig cfs ton

Nozxle Pesition 15% inches, Back Pressure 2 iaches Hg.

25.83 27.82 40 43,8 98 108 110 110 1.42 1.68 Cold~?

25.82 27.82 o) 54.4 98 112 110 110 l1.42 |-1.98 Cold~Y

25,82 a7.82 586 80,0 94 113 110 110 l.42 2.22 Cold~7

25,82 27.83 60.7 67.0 94 114 110 110 1.42 2.79 Colé~7

38.82 27.83 66.4 73.2 84 114 110 110 1,42 3.46 Cool-3

26,83 27.82 70.9 80.0 94 112 110 110 1.42 4,08° Ceol-3

25.83 27.82 75,0 88,0 94 104 110 110 1.42 4.87 Cocle3

-98~
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DISCUSSION

This unit was designed to produce five tons of refrigeration, but the
maxisum obtained during the tests at the designed conditions was 1.95 tons.
This impairment of the performance ocould be attriduted to many factors, and
mach $ime was spent in attempting to determine the factors respomsidle for
the decreased performance of the uait, Ii is believed, however, that ihe
assumed diffuser efficiency of seventy-five per cent was oo high for a unit
of this sise and construction.

A doring bar of twenty-four inches was necessary in machining the in-
side surface of the diffuser and the preferred smoothness of the surface was
unattainable dus to the vidbration of the eutting tool. The mamufactured
diffusers for vhich these recommended efficiencies apply, undoubtediy have a
much smoother surfage than could de aobtained by inexperienced machinists ia
the laboratory shop. As the velocity at the throat section was 1555 feet
per second, the roughness of the surface tended to increase the internal
friction, which should have been accounted for by the assumption of a lower
diffugser efficiency.

It seems logical that the efficiency of a small unit should be less
than that of larger units, since the ratic of the circumference to the croas
sectional area is increased as the sise decreases. The recommendations of
the various companies protadly are made vith reference to units larger than
the one tuilt, beeause it was found from memufacturer's catalogues that
units of less than 20-ton capacity are seldom constructed.

Proceding on this basis, calculations wvere made following the same



design procedure, Wt vwith differeat efficiencies zssumed, te determine to

" what sxtent the capacity would de affscted Xy the decresse in diffuser
efficioncy. The quality of the steanm was discovered Ly means of the
throttling calorimeter to be ainety~-five per cent. 3Since the quality wes
assumed $0 De ninety-nine and five-tenths per cemt for the design, nev cal~
culations vere made for nimety~-five per cent quality steam. The following
table showvs the results of these caloulations.

Diffuser Entrainnent Stomm ik Yapoxy  Vapor Tons
Eficiemcy  Rfficiency [uality 1b Steam  wmality  Cepasily

758 655 258 1.63 1] 4.78
755 65% 854 1.58 955 4.62
704 &s% 55 1.9 o8s 3.98
es4 654 95% 2.9 984 3.182
a4 sof 9ok 3.323 1§ 2.8
704 sof 954 2.00 955 3.70

These assumed diffuser effiecimmcies are not umusually low since values
as l1ov as sixty per cant were recomssaded in the Heatiag, Yemtilating snd
ALr Coaditioning Gaide (3).

The tempsratures which vere measured at the flange of the nipple oen-
necting the diffuser to the sondenser indicated that the lose im Shis seotion
vas appreciadle, since the pressures sorreaponding to the temperatures read |
vere in all cases, higher than the ones in the condenser. The tamperature



of the two flanges for the nipple vere at a higher temperature than the pipe
on either gide of \thc flangea. 7This is believed to have been due %0 the in-
creased turtulence at the flange joints.

It is possidle that more heat was gained from the atmosphere than was
accounted for by the ten BTU per ton per mimute introduced im the desiga to
account for these losses, tut calculations of a heat dalance om the unit
showed that this assumption was reasonadle., The amount of vapor evaporated
vas determined by caloulating the volume of water removed from the tank for
a given period of time. The intermal load thus determined checked very
clossly with the ntor;d load.

The water was not droken up into as fine particles Yy the spray pipe as
were expected, so a set of six Buffalo spray nossles wvas used so that the
effect of a bdetter spray could bde determined. The unit was also operated
vith the vater dlscharged into the tank vithout a spray nossle. The differ
ence in the results for these three spray conditions was negligidle.

Although the data and curves for the varying nozszle positions at
ninety-one psig are included to shov the gemeral shape of the curves, the
data of most significance wvas that obtained at the normal opcrating con-
ditions of one hunired and ten psig steam pressure, and two inches back
pressure. Ia the curves (Figures 2 and 3) it is shown that by slight changes
in the nosxle position, the performamce of the unit was noticeadly affected.
The most effective position seemed to e fifteen and one quarter inches,
wvhich wags very close to the calculated position of fifteen inches. By mov-

ing the nossle a fraction of an inch in either direction, an appreciadle
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differencs in the results was odserved. Yaen the nogsle position was
fifteen and one quarter inches, and the steam pressure one hundred and one
psig, capacity was 1.95 tons, but By moving the noxszle a quarter of an inch
either vay, the capacity vas reduced by approximately two-thirds. According
to Vatson's experiments maximum results were obtained at only one position
of the noxsle, Simce the calculated nozzle position was fifteen inches,
these resulis conform with the statements made by umf&ctnrcro that the
aossle position is determined experimeantally after the units are dbuilt,

Changing the steam pressure with a two-inch condenser pressure had a
definite affect upon the performance (Figure 4). The capacity wvas Sncressed
from about 1.8 tons at one hundred and ten psig to 2.35 tons at ons hundred
and forty psig the highest pressure obtalnadble, When the pressure was below
one hundred and ten psig, the performance wvas greatly affected, and at
elghty psig, the capacity was reduced to three quarters of a ton. Thus, the
performance of the unit was defiaitely impaired by lowering the steam press-
ure below designed conditions, and a small incresse in capacity wvas effected
by ralsing the steam pressure.

The lower the chilled water temperature, the less was the refrigeration
(Figure 5), bYecause there is a perceptidle change in the spseific volume of
ateam vapor at this lov pressure and lov tempsrature range. Yor instance,
the specifis volume for saturated steam at fifty dogr/ns Yahresheit is 1703
cubie feet per pound, and is only 887 cudic feet per pound at seventy de-

grees Fahrenheit. As the temperature increased, therefors, the weight of

the vapor removed was correspondingly increased, although the volume removed

’



might have been changed very little.

If the temperature vas decreased to thirty-two degrees, the water ia
the tank was slowly frosen as ths latent heat of fusion was removed. This
freegsing was not instantaneocus due t¢ the constant movement of the water,
9nd the installation was not endangsred. Freezing seemed to begin at the
surface of the water, and was contimued downward as the heat of fusion was
removed, OCirculation was not stopped decaunse holes were melted in the fce
by the spray, and water continued o be circulated.

Yor sone of the tests, a chilled-water temperature of fifty degrees
could not be attained bBecause there was always some heat picked up in pase-
ing through the heat exchanger and the water pipes. In these cases, the
squivalent refrigeration cftoc€ at fifty degrees was obtained by use of the
curve for refrigeration capacity versus chilled-vater temperatures (Figure 5).

Although 1% was not the primary object of the investigation to determine
the effects of varying back pressures, tests were run at one inch dack
pressure for steam pressures and for nossle positions. The capacity of the
unit at cne inch vas not visidly altered (Figure 4) YW changing the steam
pressure from sixty psig to one hundred aad forty psig, bt was aoftnitoxy
1ipairod when the pressure fell bdelow forty psig. Therefore, the mos$ ef-
ficient range of ateam pressures with one inch back pressure seemed to de
from forty psig to sixty psig. Por this pressure range, the coldest spot oa
the diffuser wvas at the entrance end, vhich indicated that compression vas
oceurring near the diffuser inlet., The coldest spot moved towvard the con~

deniser as the pressure vas incressed, and at one hundred and ten psig, it
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was about eight inches beyond the throat on the diverging end. Whem the
bagk pressurs was decreased, the mai of energy required for ocompression
was also reducsd, ‘!'hor-faro. the vapors tended to be forced Yy the kimetie
eaergy of the steam deyond the throat section defore thay could be com-
preased. A% one lundred and forty psig the aapaocity vlih a twvo inch dback
preasnre was nearly equal to the capacity at one inch back pressure. A
this higher pressure range, the perforasance was not increased by decreasing
the baek pressure to one inch, dscause the compression was not occurring at
the inlet %to the diffuser. It ie¢ possible, hovever, that when the back
pressure is changed, the most effective nossle position is not fifteen and
one quarter inches. This fact was indisated by the data taken vhen the
nogsle ves thirteea and one quarter inches, in wvhich position there was a
considerable increase in the capacity, and coapression was ocourring at the

throat as indicated by the temperature of the diffuser,
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SUMMARY AXD CONCLUSIONS

It was decided at the beginning of the investigation to build a five
ton unit instead of a larger one because in the construction of the five ton
unit, the Alberger condenser installed in the laberatory could be utilised.
This decision was alsc based on the ta& that the time and expense of con~
structing a large unit vers prohiditive. The construction vas carried ous
vith the 1dea of using, as much as possidle, equipment and material avail-
able in the ladboratory. The time onnt in the actual srection of the anit
wvas negligidle compared to the time consumed in odtaining and fabricating
the various pieces of the unis,

The object of the investigation prior to the preliminary tests was to
odtain data for various steam pressures at different nossle posit:ons. This
plan was abandoned, hovever, when it was ascertained that the unit did not
operate at the design conditions. Consequently, tests wvere made to aecure
information for the correction of the design.

The ﬂe-tt performed on the constructed steam-jet refrigeration unit did,
by oo means, give a complete set of performance data for the unit operating
uader all varying conditions, tut from the data which was obtained, the
aathors believe the following statements were substantiated:

a) The design as set forth in H.S. Niles' thesis is wvalid,

and it can readily be applied to the design of a stoan-jet
unit, provided that the efficiencies chosen are appropriate
to the particular size and type of the unit,

) Yor a designed steam preasure and back pressure, there is

an operating position for the steam nossle at wvhich the



4)

)
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best results are obtained, and thia position must bBe de~
ternined experimentally.

With the aocszzle in the most effective position, and with
the designed dack pressurs, the refrigeration capacity is
increased with an incrsase of steam presgure. The capaci-
ty is reduced perceptidly with a reduction of the stean
pressure.

When the unit is operating at the designed noszle position,
and if the back pressure is reduced, there should also be a
redustion of the steam pressure for the most efficiemat op-
eration of the unit,

¥hen a stean-jot is bBulls, it should de operated at the con-

ditions for which it was designed.
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RECOMMENDAT I0NS

As an extensive atudy of the operation of the unit was prevented By the
time consumed in its design and construction, there ars still nany factors
remaining to be investigated. A comprehensive study of varicus types of
spray noszles with different rates of flow should be made to find the com-
bination that will produce the maximum refrigeration. An iavestigation
should be conducted YWy changing the stean pressure, with the nossle at
various positions to determine whether or not there is an interaction,

It s estimated that, due to the low diftanr»otﬂchnev. a ﬁrant
would bs denefaciory whersty the interior surfaces wonld be very smoothly
finished, and tests run that the performance might de checked,

In conjumotion with this, 1% i{s suggeated that a diffuser be cast of
clear plastic, in order that the internal processes n@t be ctudiqd. Since
the temperatures are lov, there world be no danger to the plastic diffuser
through overheating. The plastic diffuser could bo' of a construction differ-
ing from that used for the metal diffuser, in order that results might de od-
tained with diffusers of different dimemsions.

In test runs with varying nosszle positions, a great amount of time vas
lost in changing ths position of the noxzle, snd test procedures wonld de
expedited by the imcorporation of a packing gland arrangement on the nossle
assembly. 3By means of this improvement, the nossle position could de alter-
ed without the removal of the noszle assembdly.

It has deen recosmended by sevaral mamufacturers, that better entrain-

aent is achieved with a neat of nossles than with a single nossle.
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It 1s stated Yy Vatsom (25) that the suscess of the preseat forms of
stesm-jot refrigeration units are the outcome of extensive experimental ia-
vestigation; 1t 1s believed that those vho are mot directly conneated vith
a company developing these units, vill be able %o obtain this information

by a contimuation of this preject.
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