12 CHAPTER 1

effectiveness of i.he abmrber 85 8, COMPressor: : The effectis the::

result of the att the bent, and refrigerant

mohcules, 8 subject wlm:h will be discussed in more detail
with the jon of absorbent-réfrigerant

eombmahons.

After a given quantity, of absorbent has dissolved its quom
of vapor, it must be returned to the generator to be reclaimed.
Since the generator is at the high side pressure, s’ pump is

the absorber has already
gion; it is merely ‘a circulating device, and ‘the athount of
-ergyreqmredtodnvenlssmaﬂmeompmsonwﬂmtm-
quired to drive'a vapor eomprmor N
The function of the
from the absorbent. This is accomphahed by vaporu.mg '.hn
refrigerant so that the physical s ‘of the 1

nequned to make the tmnsfer ’I‘hmpumplsnotneompressor P

" Q, = heat added to dgmmw:, Bta.
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eonverts heat i mh work whmh, in turn, drives the refrigerating
a refr ing effect. For an ideal, re-

versible cycle consider the case in which a quantity of heat

Q, is added to the generawr at a temperature of T, and a

quantity of heat Q. is rej d at & \? T Ac

to the Second Law, the work W produwd can be calculat.ed

as follows:

— 7 R
W = work, Btu.

degrees.

vapor from the absorbent liquid is relatively easy. This process
requnes the addition of hmt., mnst of which is used to.vaporize :
the ref t. The d form ﬂuws
back to the absorber through a ﬂow oon(.m), and the refnge.r
ant vapor flows through an unrestricted
denser.

passage to t.he cond T
Asmdwatedeig 17 heat is put into the absorption cycle~

te the remgemm FL = X S Rankine degrees. -
~».- Fora ible refri i cyc].e taking in'a quantity of
heat Q, th h an’ T, and reject-

:ing heat \‘.hrough t.he absorber at (empemtu:e To: o

(T.—-T. o

W=Q ;(1si

Q. = heat added to fevnpornmr Btu.

in two places, i.e., into \‘.he generator and into the
Euvergy must also be supplied for the solution pump; this is

generally very small in comparison to the other heat quanti-
ties, and the heat equivalent of the energy used for circulating
the solution is simply added to the heat applied to the genera~
tor. Hutmdxmpabedfromboththaeondensermdd)e
absorber. s

. An absorption cycle msy be viewed as the combmstlon of
ahea.tenpnzandarefngemungmachme'thehenbmgme

L

) = temp ine degrees
¥ Ty = of absorber, Rank degreesa.
Since the work Wis E jons.15 and
16 may be wmbmsd . T e

(1'7)'

o.(T‘ Loty - o.(%)

The coefficient, of performance (CP) of a refngemtmg ma-

chine is defined as the ratio of refrigerating effect to heat in-
put; therefore Equation 17" can be rearmnged to gwe __-- -
“ Q. TyT,—T. :
i el AV T.) .
If. is imquently stated that the CP for an absorphon cycle
must always be less than one; thia is not a theoretical limit but
rather an -artificial himit imposed by conventional design. A
study of Equation 18 reveals that there is.no finite limit. The
value of the factor T’/ T, must be less than unity for a refriger-
stion oycle, but the value of the factor (T, — 7o)/ (T. = T.).
will approach infinity as T, approaches T.. . e
+ The statement concerning a limit of umt.y for the CP is
based or the concept that if ome pound of refrigerant -is
evaporated from the generator, then only one pound-of.re-
frigerant can be available in the evaporator. This artificiat
limit can be overcome by demgn, e.g., by using the multiple
in the

(18)

CoEFMCIENT OF PERFORMANCE

effect evap

In some cases, the condenser and absorber will have a com-

mon heat sink, and T’ will equal T., Eguation 18 can then be
written: “

Ty — T¢

) ©p - F T - T.) . W

To show the relation between the sink cempemwre the

generator temperature, and the ideal coefficient of perform-

ance, Equation 19 has been plotted in Fig.. 18 for gmemhor

temperatures of 200, 300, and 400 F.

Nature of: the Absorbent-| Refngerunt Oo -
nuh 24 26 .

By definition, the workmg ﬂl.lldS are liquids; sohd materi~""
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Fig. 18 .... Ideal Coefficients of Performcnce for
Reversible Absorptich Refngeruhon Cydles <.’

als which, with a bl a8 re-
frigeration system are called adsorbent.s and the systems are
called adsorption systems. The liquids, the absorbent, and the
refrigerant must, to some degree, meet all of a series b‘f re-

" when the li id refrigerant is added to the liquid absorbent i’
of the affini
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irements; the more mgmﬁmnt requirements are dm:used materials but, at this time, only two pairs have been found
rdm fouowmspgrmp . .7~ practically useful. These are (1) the nmmonu—water combl-

1. Affnity. 1 ind tal that the absorbent show as nation and (2) the wat of &
.mty for the rdﬁm& vapor; thia is the pm .y Wl - . salt combination, in which lithium bromide has been the only
‘the absorber ability VJ ‘absord, ie., to draw i and really practical salt. A third combination makes use of di-

gives the This affinity is the result of mild - ~
compress the refrigerant vaj Y Whil, " methoxytetraethylene glycol” as the absorbent, and some
chemical mf:ng&oﬁ‘f;f hzgxg,?“bon% dn:‘t.h:‘ ** material such as methylene chloride or Refrigerant 21 as the

two materials not be =0 strongly bonded that they cannot be read- refrigerant.® Lack of stability and & low value for the CP

scparated by the application of heat. The fact that hydrogen' - have been the main demrrent.a to the use of this system.
&ndm& is the usm, yielding satisfactory bonding forces - The "in . which onia
ﬂgii!:"e""'iy’?m highly elect: ___' atorns,: | servesasthemfngenntandwawruhheabsorbent,: the
mchuoxygmmdmhogm ) CL classical example in a.bsorphon refngemtwn literature. ‘Both

In the case of systems using '+ molecules meet the req; for-h bonding ex-
salts for the absorphon of water vapor, Lhe bondmg is generally.. tremely well; both are highly stable, ydrogen T ieh
sttributed to solva! mjl tad by d .latent beat of vaporization, and, in geveral; both are, quite )

This affinity a large
Raou.h'n hw tbe absorbent lowcn the vapor

a far greater amount than would
the basis nf Beal solution bebavior. The marked evolution of l:;la;

eompahble with ordxnary materials of construction. Even so,
the ion is far from perfect, the major dlﬁiculhm.
_being the volatility of the absorbent and the high eonda.nmng

ty. prmu-e. There are ot.her disadvantages, such as’the’ toxicity™

2. Solubility, It is necessary that the refrj and sbsorben i andt.hefacﬂhatmpper"

be mutually soluble over the whole roge of of °P°"°"“8 conditions. a.nd its alloys are not suitable for use in systems containihg
the solid parti make it diffcult ' have beer fully it

If tion occurs,
ar impossible for the ﬂ\nda to cm:uhu pmpe.rl{ Usually, with

matenals of this nature, the pmblmn is one of solvate fomuuun, dled, with the msult. that xm]hons of such refngemhnn umta
Srtion o

have been made and used.

The fact that the water (sbsorbent) is volatile means . dmt
the vapor leaving the generator will contain appreciable
of water vapor. If allowed to pass to the condenser
u.nd flow on to the evaporator, the water would raise the
and carry much unevaporated- re-
fngerant from the evaporator, thus reducing the CP. There-
fore ltmnmymmsenamchfymgordxshlhngoolumn

the and d The distilling column

requires that a part of the distillate be returned to the top of
the column as reflux liquid. This return of condensate to the
titutes 8 loss in refs ing effect, but this

- loss is much less than that which would restlt if the water-
rich refrigerant were aliowed to pass directly to the evapora-
., tor. Fortunately, the relative volatilities of ammonia-and
water are different enough to make this a relatively easy sepa-

function without trouble for many yeara.

5. Carrosion. It is obvious, becauseofthelonghfa
menta, that the fluids must not be corrosive to any detectable
tmththamﬁmdnundmwns&‘uchngthneqm ment. .

8. Prwm Idul]y,t.heworhng_pressumshoul be as near to
weight and 10’

lﬂhg! into or out of the system. Furthermore,
difference between the high side and the low .side
ahon!d be lnwiat:!whhm cxmul.shqn of the solution.

7gme:{I included i {:mldmg e cuite sner . mtion.

Y o codes and are qui ; Theuseofwaterasarefrigumtisquiwold.Onemh
bot.h o Pm‘ ':n g‘;od ‘z.‘{g;f:o ‘:;,: ‘:D'd:l:&&gti‘ml;: system was in use in 1845. A number of strong absorbents for
coergy ™ lu,ﬂ l: ey T u B wa:r vapor are well known, eg,ﬂuﬂc wd‘hphosphonc

9. A ngennzm a higl eat of vaporiza on is'de- aci a senieg of hygroscopic

::‘hl' b":'d-“' it holds to o minimum the q““’ titiea of fluids %0 ga)t ‘solutions. However, the corrosiveness of many of these,

N 3 - ’ parhclﬂa:ly Lhe acids, ma.ka their use impractical, so the

No ‘, all these req ts have been of the h ic salts are the only ab-
found. However, s few absorbent-refrigerant pairs {ulﬁu most sorbents that have been found useful. - .

of them, and are pm‘cﬁm-L They are discussed in detail in the The chlorides, bromides, ‘snd iodides of_ lithium, ‘mag-

%

" mextsection. - - pesium, calcium, and zinc are typical of the most useful hy-

groscopic salts. Of these, lithium bromide is almost exclu.sxve!y
Workable -Absorbent-Refrigerant Combmuhons . fc hao the advastage over the mlts of maguesium,
Slnoe hydmge.n ding? is the primary h ’ creat- Jei and zinc that it is soluble in solutions haveng a pH
ing the attracti bsorb and refri the  higher thad 7, and the use of alightly basic solutions makes
seneml requirements are that: (1) the molecules be smail, corrosion much easier to control. The' bromide of lithium is
(2) at least one of the pair contain a highly electronegative  also more desirable than the chloride or |od|de in dmt. it has
atom such ag ﬂuonne, nitrogen or oxygen, and.(3) the other the best solubility-vapor p lowe
molecule of the pair contain hydrogen. Molecules meeting The advantages of the water-hygmseopw salt systems ax-e
these | gene.ra.l requirements mc.lude water, the lower alcohols, as follows:

i, amines, -ket em‘““,m4Mof a v eaf ,
materials is quite lengthy However, in most’cases where L yn;?rrn;a‘:m: mfnmm’ bas ey bigh latent h ‘ °
affinity requirements are met, failure to meet some other 2. The absorbent is nonvolatile,. -+ .
requirement will eliminate a material from consideration. 3 %‘Mopemm at low p;emm .
‘For example, sulfuric acid would be an ideal sbeorbent for e
';::ler vapor, but it.is too corrosive to the materials of con- ‘There are certain dJsadvmtagm, as follows .

ction. o - " limited to rator tures
¢ Much effort has gone info the search for suitable pairs of - v 3 b A Fereios p . SVpo ,W




