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718 CHAPTER 45

the valve to open wider. The increased flow rate will result in

& higher evap (Py) and a balanced control point
wﬂlngmnbe-‘“‘"C ly, a d in the heat
load on the d the of the re-

frigerant gas leaving the eva{)ommr_and causes the thermo-
static expansion valve pin to move in a closing direction.

Urder certain - cm:umsumea Q.here may be little or no

P , and the ther ion valve then
controls on tempemture alone. This would be true if the evap-
orator. were- pa.rt of .a; mulnple evaporator system, or 1f it
‘were also controlled by,

The new control pomt followmg an -increase in. valve
opening, is at a slightly higher superheat because of the spring
rate of the diaphragm and the superheat spring. Conversély,
ndecressemhmdmﬂtsmaahghﬂylowerauperheatthmlbe
original contro} point. . .

These superhent h in to ch in load m
best illustrated by the gradient curve of Fig. 6. Superhest at
no load A, or static superheat, assures sufficient spring force to
keep .the valve closed durmg equxpment shutdown. ‘An ‘in-
creasé in ‘valve capacity or load is roughly proportional ta

- Bystem d&ugn sbould not be based on uia.hmhon

1965 Guide ‘And’' Data.Bock

by the distance BC, in Fig. 6, for mmufutm-mg tolemnoe;
and application contmgenmm

-tb'e
serve capacity of the thermost: valve, which is
obtained only at the expense of higher superheat:. The added
superheat gradient may have an adverse effect on valve per.
formanoe Valve gradients used for rating purposes generally

dulation for a given valve design, a.ndxt

15 not wise to deviate widely from manufnch.lrersf rewm.
mendations.

Thermostatic expansion valvo eapacmes are normally

blished for various evap and valve pres-
su.re dmps Nommal mpamues apply st 40.F evapom'm
P P d at lower evaporator tem-
Tbese d .' it; a.!eduetot.hé nge

in the refrigerant p t t at lower
For )! i.f“ fri 0 l2l|qmd charge is

used, thechangemsammmdpmbetweeanandﬁF
1547psn,whereasbetween 20 Fand - 15F, t.hedumgem
only 1. 9 psi. Althcugh the valve respondstoprmsum chmgm
eapacltm are baséd on superheat gradients. ’I‘hua, the valve

superheatmamseuntﬂthzvxlvelsf\ﬂ]yopen The

d-by-the di "AB, may be defined

aaﬂxemcmsemwperheatteqm:edmopenthevalvewthe
capacity at which it is intended to opemte or at whxch it is
rated.

Cupumty

- . Theifactory mpaheat setting (static superheat sett.mg) of

thermostatic expansion valves is made with the valve pin just
starting to'move away from the seat. Valve manufacturers
establish capacity ratings.on’the basis of superheat gradient
from 4 to 8 F deg, depending on the .valve design, valve aize,
and application. - Full-open eapacities - usually- exceed. rated

and Jy the valve capacity, is lees for a
glve.n superheat cha.nge at the lower evaporator tempemhxm.
Pressure drop across the valve port is always the net pres-
sure drop available at the va.lve 1f.self mt.he: tha.n the dif-
ference bet p and suc-~
tion pressures. S
Allowances must be nmde for '.he {ollowu:g
1 Friction loss through condenser, Liquid Lin nndﬁ
quu\d ine umwmgh , such as fil wq',?n d.rlerss'mlanmd vaiu,

3. Stat-c head in a vertical liqmdel‘x,x;f If the thexmouuhc ox-

apauhsbylowmpementwallowareserve, D
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Fig. 6 ... . Typical Gradient Curve for Thermostatic
. _-Expansion Valves

panxmnvalvemntnhx 1 ihan the receiver, ‘there
will be a pressure hqmdhneduetochemnchcad
of lxqwd.

4. Dr: pressure drop. . R

5. E pressure drop.

6. Suction line accessories, such as evaporator ngulshm, sole-
noid valvu, ete.

7. Suction line friction losses,

Although the mass flow rate t.hrough the valve is greater
for higher p. drops, the is not propor-
tional. The mass flow rate through the valve varies as the
square root of the pressure drop, but, due to the greater
enthalpy of the entering liquid refngemnt, 8 ‘greater mass
flow rate is required to obtain a given re.fngemhng effect,
At high liquid t the “due to
higher pressure drops may be oomplet.ely affset by the loss in
net refrigerating effect, resulting in no change in capacity.

If liquid refrigerant subcoolmg is increased along with the
liquid p the cap differ from tlmse previ-
ously di d. Suboooling ddition to i ng the net
refrigerating effect per unit of mass flow, reduces the amount
of flashing in the valve port and thereby also adds to valve
capacity. Most fact; publish subcooling factors to
be applied to valve capamty ratings.

Thermostatic expansion valve ratméa are based on vapor-

free saturated liquid entering the valve. 1f flash gas is present
in the entering liquid, the valve capacity is'substantially
reduced, because the gas must be handled along with the
liquid. Flashing of the liquid refrigerant may be caused by

pressure drop in the liquid line due to friction losses, vertical
1ift, or both. If the refrigerant subcooling at the receiver out-
let is not adequate to prevent the formation of:flash gas,
additional subcooling means must be employed to remove it.
Liquid-to-suction heat "exchange ‘will provide a moderate
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This-usually limits its use to moder-

dégree - of mbemlmg, but,; for : ire ‘a
Wmhqmd«:oohngemlmneemr'y P
'rhennosfahc Charge

Each type of thermostatic chnrge h.u certain ndvanf.ages
gnd-.limitations which’ must be eonmde:ed The- principal

ately- high evnpomhr temperatures. The -valve setting re-
quired for a ating heat at a low evap
tor ture.may cause floodback dunng ild from
normal ambient temperatures.
o ! Ligquid cross charges. Tbehqmdcmchnrgesmalsocmas-
bient charges, but, unlike the conventional liquid charges,.

types of thermostatic charges and their istics are
deseribed bere.

Gas charge. Conventional gas charges are hmxfed lu;md'
charges, which employ thé same refngemnt in"the therino-
mmelemmtas:susedmthz -system. ‘' The’

théy -emiploy a liquid in the thermostatic element which is
different from the refrigerant in the system. Cross charges
have flatter pressure-temperature curves than do the system

amiount of charge is such that; at a pxedewrmmed tempera~
ture, all of the liquid has vaponmd, and any temperature in-

mseabuveth:spomtmultxmvntuaﬂynommmde—
ment, pressure. Fig. 7 shows the p
sh;pofcbeRe{ngmnt IZgaschnrgemt.hedxermosmtmele—
ment. of thi istic pi .....mng featureof
ita. thermostatic” element, the- ga.s—chnrged valve can provide
mmpremr motor overload pmtecuon on some systems by
Iimiting the suction p It also helps
to prevent floodback: (t.he return of refngemut liquid to the

refr with_ wlnch they are used. Consequently, their
superheat ch isties differ iderably from those of the

stmghﬁ liquid or gas charges. :
h in the range gener-

a.lly have superheat ehamctenstws wbn:h are nearly constant
or which deviate ‘only

- temperature range. Thmcharge,alsoﬂlustratedmﬁg 8, is

generally used in the evaporator temperature range of 40 F
to OF, or shghﬂy below

compressor through the suction line) on starting..Increasing
the superheat setting will lower the maximum operating.suc-
tion pressure; and decreasmg the superheat semng will:raise
it because the heat spring, b

pressure, acts d.u'ecdy on the element, vassure thmugh the

duphngm "

valves must be mrefully apphed in order tn
avmd loss of ¢ontrol from the bulb.-If either the diaphragm
chamber or the capillary taibe beeomes wlder t.hnn the bulb

For which are substantially below
OF, a more extreme cross charge may be employed. At high
evapo! , the valve controls at a high super-
heat. As the evaporator bempemhu’e is reduced to the normal

ing range, the ing superheat is also reduced to
normal.- This m.i.. floodback on starting,
reduces the load on the eompr&or motor after start-up, and
permits-a rapid pulld of suction p Valves ‘with

this.type of chnrge must be set for t.he optimum .operating
superheat at the lowest evaporalor temperature erpedled, "in
order to avoid floodback. . . A

Mechanical ¢ limiting meana. -While both the -low

the small amount of -charge in the ther

condense: Control at the bulb will be lost-and the.valve w111
throttle or “close.” 'I'hmmatfermdmusedfurtherm'.he
section; ‘Application.

Liguid dmrge Couve.uh-onal liquid cbmgm employ t.he same:-

refrigerant in the thermostatic element &s is used in’the fe-,
frigeration system. They are ‘termed:cross-ainbient charges
because the volumes of the bulb, capillary tibing, and-dia~
phragm chamber are proportioned so that the.bulb contains
some liquid under all temperature conditions. Therefore, the
bulb will always control the valve operahon even with a
eolder dxaphmgm chamber or caplll&ry tube.-

of t.he igh hquxd nha.rge Hg 8,.
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temperature cross charge and the gas charge offer compressor-
motor overload protection, each-has its limitations. For the
former, the protection-offered is only partial; for the latter,
application limitations restrict ﬂs umvexsal use. Thermo-
static valves, equipped with a

limiting means to lumt. suction pressure, may use en.her the
liquid or the liquid cross charge and are, therefore, not re-
stricted by probl of charge Throttling of
the. valve is lished by a collapsibl ber which is
operative only when the evaporator pressure exceeds & speci-
fied value. At lower evaporator pressures, there is no inter-
ference wﬂ.h normal valve operation. - -
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