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For those who prefer to ‘deal with lsentropm &nﬂym, 1
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and will depend on the relative importance of first cost and

cﬁimmcymbedeﬁneduthemhoo!thﬁ energy
rise to the actual energy nse between suction conditions and
the discharge (or ) pressire. If the suction and dis-
charge tempemtum and pressures sare known, it is then
to d the work and efficiency ‘a8

H. =he —he o
‘e = HY /Hr .- an
where :
1{; = isentropic energy n.se,‘Btu per pound
entropy, Btu perpou.nd“ N .
Fig. 18 chows a typwal single-stage chamcfemhc with
polytropie head, H, plotted: agamst volume flow, Q, with hm
of constant eﬂic:ency, all at various compressor speeds.
A direct plot of head vs inlet volume flow can only be drawn
for a given refrigerant at a fixed suetion condition. A more
universal plot, usable for the halocarbon

and suction

ting cost, and also upon the equipment available.

" As noted earlier in this chapter, one of the more effective
and commonly used forms of capacity-control to meet the
normal system requirement i3 the variable inlet guide vane.
To obtain full effectiveness from such guide vages, they should
be designed to operate efficiently over a wide range of angles.
If they are mounted in an axial flow duct, they are very similar
to the blade row of an axial flow compressor and may be ds.
aigned in saccordance with axial flow compressor dwgn
methods. In order to minimize starting torque, prewhirls
should close reasonably tight, but should maintain suﬂicmnt
clearance to admit enough gns to, prevent. overheatmg of the
compressor. 5

- In the case of standard water chxll.\ng machmes, manu:
fact.urers selechon tabla bave beed develuped, which make

p the i ofa ion of heat ex-

and compressors to meet the requirements. In such
tables, the net rated cap: are usually tabulated for sev-
eral laavmg d water to cover the most

under any conditions;. ¢an:-bé deéveloped by relating flow,
bead,andxmpeller txpspwdzot.hemlet sonic velocity a, of
the gas being- handled.  Thé ahnpe of the perforruance plot
related to inlet sonic velocity is similar to'that shown in Fig.
18, with the parameters being: Q/a, H/a.?%, and Uy/a,.

For optimum performaice, the selection should be made in
the high efficiency n:gwn of the

range of design conditions. Interpolation may then
be used for intermediate values.

For each listed condenser leaving water temperature, the
niet rated capacmw are tabulated for various combinations of
pass ar in both tor and cond: and for
the most common range of leavmg chilled-water temperature,
Interpolation may again be used for the laavmg chilled-water

sta-
bl.lxty for part load opétation ‘will be obtamed when'the seleo-

preferable to that at pomt B a!though exthar ﬁo
the samse efficiency. - :

Compressor selections. for- two-, e g
chines are performed in 4 manner-gimilar-to that!outlined
above. The actualinlet conditions to each stage'are caldulated
in these cases, based on' performance of the" pmkus ‘stage. For
economizer cycles, such as shown in Fig. 10, it is necessary to
calculate wenght flows and inlet conditions sepsra&eky for each
stage by mixing the appropriate flows. -* -

- The input gas horsepower for each stage is then calculated
by:

WiH,

Py =
‘T30 - .

)

tohére
P, = input gas horsepower. '
W" = weight flow, pounda pex mmute.

The total heat

- q” eonden.ser load tons,
q = evaporator (eooler),lmd hns. [

than one refrigerant, in order to select one with the most suit-
able cba.racwnstxcs. Afw a refngenmt has been selected by
the app it is possible to dwgn or
adapt the heat exchangers, using the mtommuon given in
Chapters 42 and '43.;In standard waterchﬂlersumngeoohng
towers, both evaporawnz and condensers are usually designed
for approaches from 6 to 10 F deg, with a8 nominal foulmg
factor of 0.0005. Actual selection of the design approach is

fa.ll.mg mthm the range given. Opposite each

pass ar are usually
hsted the al!owable limits of water flow, both minimum and
maximum, for any given selected pass arrangement. The
specified water flow rates must fall within the tabulated
ranges for the pass arrangements selected. Curves are also

_usually provided to give the water pressure drops 48 functions

of the number of passes and the water flow:.The tabulated
net capacity ratings are usually based on rated motor. brake
horsepower and kilowatt input, unless otherwise indicated. A
nominsl fouling factor of 0.0005 is usually applied throughout.
A number of selections using different combinations will usu-
ally be required in order to obtain the most economical selec-
tion for the specified requirement.
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dAPTER 3 -

STEAM-JET REFRIGERATION, EQUIPMENT

il e

s+ Basie Concepfs,. System Camponem:, Steam E;edor Des:gn Cons:demhons, Two-Hmd Sysfems, Performunce

\HE swam-]et refngerahon cycle has been uxd for aver

GRS

joyed wide nppllmf.lon in the field of comfort air eondmomng
3

fifty years, yet it is one of the least

re.fngmhan cycles in use today. The lack of populmty of, “the

. steam-jet cycle stems from some inherent- ‘performance lumt.a-

tions despite the basic sunpllclty of the cycle itself. Impmved

t design is the Li of

this cycle a.nd 1Ls future populanty wxll depend upon the i un-

m iricorporate mto '.he

equ.lpmaut - .
BASlC CONCEPTS

The stenm -jet refngerahon cycle is qulte similar to more
convenhona.l refrigeration cycles with an-evaporator, a com-
pression device, a condenser, and a refrigerant-as the basic
system-components. Instead of a mechanical compression
device, the system characteristically employs a steam ejector

can be und

of the bwc characteristics of the cycle

In certain process cooling applications, the steam-jet re-
frigeration unit has proven to have outstanding character-
istics. In those applications. where direct vaporization is used
for ‘concentration or drying of ‘fdods and chemicals, the'use
of heat exchangers is eliminated. This is of particular advan-
tage in processing heat-sensitive foods or chemicals where the
cooling produced by evapomtlon redum the processing tem-

The

and p. déteri
uon of fruit- juices, the frecze-drying process of preserving
food, the dehydration of pharmaceutical products, such as
antibiotics, the crystallization of-many chemicals and foods,
and. the chilling of leafy vegetablw are typical examples of
swam-jet sysoem coolihg in which
refrigeration is often either not suitable or not competitive.

or booster to compress the refngem.nt to the _" pres,-
surelevel. -

Wnter iy used a8 t.he refngemnt md Lhe cooling- eﬁ‘ect ls

d in the st jet refr n cycle by the continu-

ous vaporization of a part of the water in the evaporator at-a

low-absolute pressure level. When chilling water from 55 F to

45 F, about 1 percent of the water flowing thmugh the evapo-

Incomron practice, steam-jet refrigération systems pro-
duce chilled water at temperatures between 35 to 70 F, which
would include the ranges used -for comfort-air conditioning
(35 to 50 F is used for this purpose). However, in process work
where the processed substance (which may not be-water) is
directly evaporated, vnponmhon at, lngher lempemtures is

mwr must be vaporized. The p in an
operating at 45 F will be 0.30 in. of mercury absolute nnd due
to the high specific volume of steam at this low pressure,
about 400 cfm of water vapor per ton of réfrigeration must be
d to the level. This should be
compued to-a Refngemnt 12- system in which the suction
pressure will be about 40 psng and the corresponding flow mte
about 4 cfm per ton of refrigeration. Steam-jet )
ideally suited to handle such. large volume fows, alﬂmugh
they must typically operate over a pressure ratio (absolute
of6to 8
which is rather high for eﬁiment e;ector perform&noe Since
the motive steam energiting the ejector must be condensed
along with the water vapor drawn {rom the evnpomwr itis
necmry to reject 2'to 3 uma the nmount of heat in the
that a ion cycle
would require. Thus, a larger oonden.ser and a relatively
h!gher eoohng water flow must be employed in steam-jet

Since water is the refngerant in a stcam -jet refngemtmn
unit, it cannot bé operated at evaporator temperatures below
32 F. due to freezing, and in comfort cooling applications
evaporator temperatures above 50 F-are impractical due to
the inability to adequately control humidity-in the condi-
tioned space. Thus with water as a mfngernnt the useful

rn.nge of . tempe is, thermody Ay
Sbeam-;et refry i ilabl cially

in 30 to 500 ton capwhas a.lt.hough t.hey have been buxlt. in
both smaller or larger sizes. A

- SYSTEM COMPONENTS

A steam-; jet syswm ists of an
(or flash tank), a steam-jet ejector (or booster e)ector), acon”
denser, and a two-stage. ejector nonoondel;sa.ble pump.
Auxiliary components include .a..chilled water circulating
pump, a cooling water circulating .pump, a ‘condenser con-
te pump, and necessary valves and control elements.

In order to eﬂiclently intain a ] ow- ab in
the condenser (for example, 2. 24 in. of mercury abeoluw at
105 F d ) it is to employ a

small two-sfage ejector puJuge ‘which:removes air and other
noncondensable gases from the condenser and pumps them up
VY atmospheric pressure where they are discharged.
Despite the advantages of simplicity, ruggedness of design,
freedom from vibrition, high feliability, low maintenance,
and low cost, the steam-jet refngeratlon cycle has not en-

n'mmlmpmnhht.yfuthummnnnnimadm'rcsﬂ Abmarptioa

The purps and. valves are the only system components which
contain moving parta. Figs. 1 and 2 show two of the mgst
basic 'and their eg 4 ar

. ..

Evuporofors
The evaporator is usually & large volume vmel whxch must
provide a’ large water surface area for efficient evapomtlve
cooling action” Water sprays (Fig..1) or cascadmg water in
sheéets (Fig. 2) sre two means:of water
surface. B SR PR
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