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place’at or beyond the exit plane of the tone t.ha.u when the
expanmon process is completed within the coné itself, giving
rise to a normal shock at this point. Such a condition” would
arise at higher than design evaporator temperature and at
start-up if no shortening of the cone took place. Incidentally,
complete elimination of the divergent cone so.that oaly a
convergent nozzle remains will only reduce e)ec'.or pe.rform-
ance by about 5 percent.?

Itis l.mpershve that the nozsle axis eomclde with t.be main
ejector axis and'it is usual for the nozsle to be so mounted
that its axial position relative to the inlet of the mixing,sec-
tion at Station X of Fig. 3 can be varied to achieve optimum
performance. It can be shown theoretically (and this has been
supported by test data) that the use of superheated mot.we
steam causes a slight decrease in ejector efficiency.

While saturated steam is the most efficient motive swsm
condition” for ejector operation, such a steam mnrhhon is
difficult to control due to heat losses. Since drops of wet steam
can cause serious erosion of both nozzle and main ejector parta
due to the very high velocities encountered, a few. degrees nf
superheat is often used to effectively eliminate the erosion
hazard from ejectors. In actual installations, erosion is virtu-
ally nonexistant. Good thermal insulation on the steam lines
and good steam tmppmg pract.lces a!so con'.nbute to "this
situation.

Ejector Suction Opemng and Suction Chaimber -~

The ejector suction opening is generally sized lo give mav—
erage vapor velacity. of about,250 fps..The suction chnmber
is a volume in which.the entering water vapor is turned 90 deg
and accelerated to some optimum velocn.y at St.ahon X.(Fig.
3). It can be shown both th i % and experimentall
that there is an optlmum velocity at Station X of the vnpor
entering the mixing section for every ejector design oondmon
Typically, the vapor velocity increases as '.he design pnﬁm’e
ratio of the.ejector {(cond: to de-
creases. For steam-jet refrigeration units employed on com-,
fort air conditioning applications the vapor velocity may .b
typically 400 to 600 fps at Station X (based on r
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This iy not the real situation:Because’of & thick boundary
layer and's very péaked velocity profile” (a8 opposed to ‘the
ideal case of tio boundary layer and a uniform veloclty profile)
the shock ' ig not'fully normal but includes complex oblique
shock patterns® as well, and § in’ pmctxce several throat diame:
ters of axial Iengt are required to "this

recovery ‘protess.* During load’ vanauon . this eomplex and
lengthy shock pattem shxfta Aml.ly Fora brond and efficient
ejector ting this constant ares”throat sec-
tion is typically 3 to 5 throat di long (with'5 di

a preferred-length)” to accomriodate the shock pattern and
its_axial movement under load. The cdnstant! area- section
diameter *is: critical- for a: specl.ﬁc design . and a.ltlwugh t.he
literature gives several methods for this

noné are precisely. accurate.d &2 Only e]ecfbr m&uufwturers
possess“data .with which..to accurately ‘predict | t.he thmat
dmxnetenfor ejeewrs of a.ﬂ sizes and

Subsonic: Diffuser.

! The subsonic diffser is always cor
incliidéd angle range _of 5 bo ‘l} ‘deg, althi

greatér than 7 deg in’crder to keep within le.ngth hmmmons
(which 3 are often qu;f.e atblt.mry)

given ‘on a Mollié
1 (see Fig. 4). The sgtumted motive stéam enters’the
3 a fotal pressure (165 psia) correspondmg to state §
aud expands 10 a static pressure (0.10 psia)'at state A. The

smm veloc:'.y will be sbout '4400 fps and contain 24. 5 percent -

state conditions).

Mlxmg Section

The mixing section is conical in shape. Most ejector manu-
facturers use a single cone angle between Station X and ‘1)
while a few employ a double cone in series armngemém.'w'itﬂ
the larger included angle cone starting at Station X and the
smaller cone ending at Station 1. The length of the mmng
section is often expressed in terms of throat dmmeters at’
Station 1 to 2. For steam-jet refrigeration work, the m.mng
section will be 6 to 8 throat diameters long, thh an average
value of 7. It can be shown theoretically® and by test that the'
ophmum mixing section cone angle will decreass with de-
creasing ejector design pressure ratio. For a design pressure.
ratio of ‘one, the cone angle becomes zero and a cylindrical’
constant area mixing section results. For the typical steam<
jet ejector on refrigeration service, the mixing section included-
cone angle is about 6 deg.* A larger angle will result in a.loss.

_of ejector efficiency and a smaller angle will result in the

ejector being unable to oompnm des:gn vnpor ﬂow w ﬂ)s
dwgn condensing prmsum. - .

Constant Area Section - T 4;

The constant ares section is the supersonic shock d;ﬂ‘user‘
section (Stshons 1-2). In an ideal one-dimensional analysis,
the pnamue fise in this séction might be expected to tnke
place across a normal shock of essentmlly zero axial length.

d vipor (at 45'F evspomh)r tempemture)
entcm the e;eetm- at o total pressure (0.147 psi
te 0 and expands to the static pressuré
'I'he Vapor’ veloclty will ‘be ‘about. 1000 fps b
stmnmashrtfomuatSLauonthhe eject ixil

assumned to be ‘completed at Station 1, and this con'espon 5 to
state he}e the mzxture velomty is aboub 3400 fps. Ml.xmg
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mmmedtntakepl.went constant static pressure. An ejector ’

discharge pressure of 5. 15 psia would be theoretically possible
(in this example) if the available kinetic energy at state 1
could be transformed into potential energy at state 4. Due to
losses, 8 pmssum rise to only 1. 10 peia (the com:lmser pressure
to 105 F ) is actually
mbzed In theory and in practice this diffusion process can
be assumed to take place in two parts. The first is supersonic
ghock diffusion from state 1 to state 2 (between Stations 1
,ndz)mdtheseoondrssubsomcdxﬁ\monﬁomshte2m
state 3 (between Stations 2 and 3). Since the ejector exit
velocity at Station 3 is finite and not zero, 8 small loss in
.vgdnbleenergyrmmxdml must ecur. This loss is too small
. Statie p P,y corre-
sponds o ¢on it Station 3 aid is ﬁxed by the con-
denging temperature (105 F).

Note that virtually the entire ejector process occurs within

the wet region of the Mollier Diagram be.low the saturation
line.” Both motive steam and vapor enter the ejector at essén®
tially saturated conditions. The motive stéam often upa.nds
into'a regmn "of 20 percent mnoisture (24.5 percént moisture

“in the previous example). Becduse of this,-the specifi¢ heat

ratio for steam will be found to be 1.10 to 1.15,'and not 1.3
as on' the saturstion line. The difference in enthalpy between
mtelnndsmm,{lsthemmngloss Ameamueofﬁmeﬂi—
clency o( oompmon "of an ejector is

(he — h)(G, + G) .
Tk = :
.
: h=mthaly,Bwperpuund. -

, ‘= mass'flow rate of steam, pou.nd.sperhour
-‘amﬁownteoivapor, pmmdsperbom‘

The: nu.memwr of tlus mho is the sctual compressmn r.nergy

,and the d is the tical energy
svailable in the motive steam. Thxs ratio is about.0:27 forithe
example given. The steam rate in the example would be 27.5

Ib per (hr) (ton of refrigeration).~~ :

TWO-FLUID- SYSTEMSV

- One possible method to th ieally ejector. per-
formance is the use of & two-fluid system. By utilizing one
fluid (of higher molecular weight) as the motive fluid and the
other (of lower molecular .weight) for a réfrigérant, an.im-
provement in ejector performance is possible. Durmg .the
1930's-a mereury: water- system® was umrketed in limited

- hold refrig - the

. provement realued Some more recent eﬂ‘orh in developmg i

two-fluid system ean be noted oceasionally.in the literature!?
and in patents’t granted. However, all of t esé systems,
havmg spperior ejector efficiéney mq\ure h:g,her
ratios. This mcreased .work of oompremon
the of the mixture in the
Theséfore, ‘two-fluid systems "seldom offér’ 8’ periorma.nee
&dvmtage over a conventional single-fluid | ByStem. ” -

" PERFORMANCE

Theeﬂomthnthnwbeenmndemrecentyeumbozmpmve
the perf of steam-jet refry ion have often gone
'mPubllcxmd In this field, lack of literature on this subject is

iy a of the devel work being

eonducted by ejector manufacturers. However, the actual
performance of steam-jet refrigerstion units over the past
irty years has improved about 10 percent. This assumes that
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- -« Steam Demand for Typical Steam Jet
Refﬁgemhon Systems

the. system dungn eondluons were ldentu:al in mhng um
o The steam rate ired to prod: at.onofncu tio
varies- widely for- different steam~)et systems. If .the com-
ponents have been properly dmg;ned the steam mte isa funo-
tion.of -steam p
tor tempe_mture Fig. 5 s.hows the effect of both eondenser
and ata t steam

“pressure of 100 psig. In industrial practice, actual steam

consumption will vary within about 5 percent of the curves
shown.' For- example, with 100 F condensing temperature
and 45 F chilled water p & steam of,
25.5Ib per ton-hour is typical of comfort cooling applications
when using 100 psig saturated motive steam. The amount of
steam lequ.\red to pmduce one ton of cooling effect decresses
with d , and with i
chilled water temperature. The steam rate is low, therefore,.
whe_n the ejector pressure ratio or temperature lift is low. -+«

< :Figa. 6,.7, and 8 show the effect of steam pressure on the

- steam-requirements at 90, 100,.and 110.F. condenser. tem-

peratures respectively. These-curves show that it is more

- economical to operate at the lughat steam pressure avm.lsblc,

although pressures above 100 pmg have a diminishing effect on
the steam The of steam p is
gignificantly more prozounced with chilled water Mpem-
tures below 45 F than at higher chilled water tempemture
Pressures _below. 30 psig steam 80,
rapidly. that even when the low-pressure suaam is chmply,
available it is not always economical to use.this steam for )et
refrigeration cooling.

;iSteam-jet units have a high overload capaclty mthou'. much
in d water aa the load:
incresises the chilled water temperature increases, gm:l for th
game mohve steam ﬂow the ponnds of. vspor (henoe refs

CHILLED WATER
TEMPERATURE

\
N

POUNDS OF STEAM PER TON HOUR

Fig. 8 . ... Effect of Steam Pressure on Steam Demand
at 90 F Condenser Temperature
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