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Table 2 .... Minimum Design Working Pressures
for Evaporators
Refrgeront Number Dasign Working Pressure —paig
131 30
12 140
2 150
114 50
n 150
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‘The pressure relief device must be set to relieve the pressure at
Unfired

working preesure. P
vesaels are usually tested ydmuhcally at 150 percent of the de-
prremxre and subsequently by airor gas pressure at 125 per-

4_ ABME E oiler and Pressure Vessel Code, Unfired Pressure
Vessels, Section VIII. Thxsut.hnba&ccodewhmhcoventbe
" method ion for stresses for ma-
ry tests, inspection, and applieation of the

1965 Guide And.Data Bosk

conditioning, the water or brine cooling: temperature range
(difference between mhnng a.nd lawmg hquld tempemtum)
can be established from

Except in tank-end-egitator systems, the aoolmg ranges
used commonly vary from 5 to 15 F deg. 'l‘hnwamorbrum
circulation rnte through the cooler will be

O]

o per tr = __2_4__
mmpeT Y = SO,

’ o

gpmpak-ﬂownﬁeoiﬂmd,gpmpermnnlrdﬁkuaﬁnn.
At = cooling range, Fahrenheit degrees.
g - upwﬁnmwtyniﬂmdueompamdwwnw .
¢ = specific beat of fluid aa'compared to water. -

The water or brine pump size and the power requirements
for its operation will depend upon both the circulation rate
and the total pressure drop.

Specifications for selectmn or design of water or brine cool-
ers should include:

1. Description of fluid eooled, if other than water.

2. Entering water or brine temperature.

3. [uvmg water or brine temperature,

4. Ci rai

‘dppmved vessel.
Most states have the ASME code and,
nn&rgsmvualmybemsﬁﬂledmmmmthhout:&:

5. Undervyriters' Laboralories U.LMC Standard for
ant C ing Ct This p&l;: more particu-
hﬂywcommzmalmeeq\upmtundhn adopted by a
majority of states and municipalities 85 & means of protecting
the safety a.nd health of the consumer. It involves specific design
erit use of materials, testing and initial approval by Under-
Laboratories.

Chemical Requirements

Materials for UuwuhRefngaavd7l7 (Ammoma) The most
widely used mat are carbon
steel and cast iron. Stam!ess steel, mone\ cupro-nickel and
similar alloys are satisfactory but more costly. Since copper
. and h:gb-copper alloys are attacked by ammonia when
moisture is present, their use is avoided. Aluminum and alu-
minum alloys may be used with caution with ammonia.

Matawlafor Use with Halocarbon Refrigerants. These re-

are used satisfactorily with all the common metals
and alloys. Under certain conditions with moisture present
they form acids which attack steel and even the non-ferrous
"metals. In properly cleaned and dehydrated systems this does
not commonly oceur.

Materials for Use with Water. Relatively pure wnber is satis-
factory with both ferrous and non-ferrous metals. Brackish or
sea water and some river waters are quite corrosive in contact
with iron and steel and also with copper, aluminum, and many.
of the alloys of these metals. Pmpexnnalys:.so!thewatcrmﬂ
indicate the proper materials to be used.

v Materials for Uss with Brines. Sodmmmdcalciumbnnesare
almost universally used with ferrous metals and with a few
non-ferrous alloys. They will attack copper and many of the
eoppe-beanng alloys quite readily. Calcium brine is the more
corrosive of the two. It is advisable, even with ferrous metals,
to treat these brines periodically to hold the pH value near
- the neutral point.

Ethylene glycol and propylene glycol are stable eompounda
and are less corrosive than brine. :

Performance Requirements -
Continuous or Steady-state Cooling. Whemwaterorbnnes
mmdmmnovehmt,umproductmhngerasmm

5. Permissible wnter(xgx lzrme pressum drop.
6. Refri t used. |
7. 8 d suction of refri it di

to leaving refrigerant pressure.

Batch Type Cooling. When stored pmducts, or cooling
fiuids, are cooled from some initial temperature to some final
temperature over a period of time, the selection or design of a
hqlud cooler for that application is complicated by the vary-
ing load conditions imposed upon that cooler. -

Smcethehmemquuedtoeoolabau:hoveracertamtem-
perature range is inversely propomoned to the cooling ca~
paclty of the refrigeration system used, system capacities
at various temperatures of liguid on should not be averaged.
Instead the time required will be proportional to the average
of the reciprocals of the cooling capacities at the various
liguid on temperatures.

For example, mxmetbatwatcrmasfpmgemnksmbe
cooled from 80 F to 50 F. The calculated load is'100 ton-hours
(1,200,000 Btu) and the system capacities thh various waler
on temperntures are {o be:

Sym Capaaly—- Regiprocal

Water On .
SOF 100 . 00100
70F . 80 0.0125
8 F 0 . “0.0167
50 F 40 oo '0.0250

Sum of Recipmmlaf_om

. ) 4
A ity. = - 62.2
Average capacity- = 00642 tr
100
Appronmu requu-ed coolmg time = ez = 1 61 H.rs.

" A cloger’ appmx:una'-lon would be m apply the trapezoidal
Is of the four values, of Simpsons’

FLUID FRICTION- |

The flow of fluids is discussed in Clmpter 6 -Bquiation'31 of
Chapter 6 is the basic equation for cal the

diop of fluids flowing inside conduits: The friction fzwtorf
and Reynolds number relati ",ueshownmﬁg _Sof

Chapter 6.
Allowmmshou]dbemndefoxprmuedmpthm“@ ater

Evaporators for Liquid Cooling

boxes, -inlet and outlet fittings, and return bends. Friction
losses in cast water heads commonly are estimated as equiva-
lent to the loss in a tube length equivalent to 80 to 100 tube
diameters for each inlet and outlet and each change in direc-
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be considered are: (a) the eﬁect of the refrigerant pm:suxe‘
diffe

drop upon the oversll

refrigerant distribution; (¢) thickness of the tube wall and .

fins, ll sucb are present, and the thermal conductivity of the

tion of flow plus inlet and ouuet
The method used in p: ‘wﬂuid drop through
duits of t 1 area can not be used in

transverse baffled heat exchangers because the Reynolds
pumber is constantly changing. Some success has been re-

ported in solving this type of problem by the velocity head
met.hod but much work remains to be done before a procedure
will be blished that wil fi for ch

in tube outside diameter, tube pitch, tube layout, tube
w‘:bypas,baﬂielmhge and the baffle window shape or
area.

Refrigerant Pressure Drop

The. pressure drop that can be tolerated in an evaporator
dgpends upon the refrigerant used and its thermodynamie
pmpermﬁ, (.he evaporator temperature, and what portion of

mean lemperature difference (LMTD) is ad-
vemly affected by the change in saturation temperature due
o' pressure drop within the evaporator.
Tnble 3 lxsta four of the commonly used refngemnts and
their change in’ mturation temperature, per psi change in
ressure at various ranges of evaporator temperatitre,

Tnble 3 showa thata Refrigerant 22 evaporator can operate
st 8 higher refrigerant pressure-drop than a Refrigerant 12
unit for the same F deg penalty in satumt.mn temperature but
a Refri, 22 evap at —30Fcazmotwler-
ate the same pressure drop as it can at 40 F..

t pressure drop for Refrigerant 12 and 22 evapo-;
rators, when cooling water, are usually. held to a range of 2 to
6 psi and 3 to 9 pei respectively. Bnneeoolemcmploynge-
ingemnts 12 and 22 at typieal conditions operate at l}é to.
4psiand 2 m [ pm lespectrvely

- The

of refri p in
evaporatara is difficult due to the chz.nge of st.ahe asin bo
Experience has shown that if the refrigerant pressure dmlh:?:
established on a given evaporalor opersting at a given weight
rate of refrigerant and at given exit refrigerant conditions,
thenthepremuedmpmﬂvarya]mostduecdyasmespe-
cific volume of the exit gas for other evaporator kempemcum
on the same mpon.ﬁor (providing the cond

| of which the tube and fins are made; (d) fouling
deposits from the fluid being cooled; and (e) fouling deposits
from the cooling medium. Except whm Wax depostts fmm
oils develop, item e is negligible. .
In general, the heat transfer rate is given by:
¢ = U,A,aTa
where .- - (~2)

g = heat transfer rate, Bmpahow

U, = overall heat transfer coefficient based on ommde mr-‘
: face, Btu per (hour) (square foot) (Fabxmbat degxee) .

A= ouulde sur(nce area, square feet
AT = logari mean

. degrecs.
The overall heat transfer coefficient i is given by:
For water or brine inside of tubes

—'—+ +(h~)s.+(—)s. | (‘a)A

For refngemnt inside of tubm

F' (:)s. +—;+;Tl'+-h—i"‘ . (-3;)
M A

A = heat transer film eoeﬁmcnt for Mngermt, Btu per -

(hour) (square foot) (Fahrenheit degree).
= = thickness of tube wall, feet.

"k = thermal conductivity of tube material, Btu per (hour) ’

. {square foot) (Fahrenheit degree per foot).
8p = ratio of total outside surface to inside tube surface.

hy o= heat transfer Sim coefficient for water or brine side, ..

1 .
- fouling resistance on water or brine side.

'I‘he twvo film coefficients, b, for the refrigerant,” a.nd he for
the wnwr or bn.ne, Inrgely determine the overall heat transfer
to heat flow th h the tube -

wall (and ﬂn.q if any) z/k, and the water side fouling re-

tare and tén ture of the liquid refri
rator are held Feasonably constant).

The volume of flash gas released by the expansion device in’
direct expansion evaporators has a decided effect on the res.
frigerant pressure drop. Liquid subcoolmg, for instance, will
lower the refrigerant drop by decreasing the
offachgas ¢ : :

wt.heevapo-

- HEAT TRANSFER .

Heat flows from one medium to another by virtue of tem-
perature difference. The rate at which heat is transferred is a
fnnctmn of the wmpemtme difference lmd the ability of the

Tublo 3.... Varigfioh ™ S ion T ture for

1 psi Change & in Saturation Pressure o .
hiadiN n, 2 | 2 nrz
.30t 4WF " 6. 1.18 0.72 0.74

- Oto "10F 12.57 | 1.82 ]| 1.13 | 1.24 :
—30ta —40F - 3N 2.27 2.88

st (1/h,)(S2) (referred to the refrigerant side) 'are

usually small as compared to the film resistances, 1/A, of."

the refrigerant, and (l/’b-)Sx of the water or bnne (referred_
to the refrigerant side).

Refrigerant Film Coefﬁcueni

Factors affecting boiling film eoeﬂiment.s mclude

- L Physzical properties of the refrigeran .

2. Nntum the surface mc!udmg its mughnm

3. The rapidity with which the vaporized z is re-
mo:edfmm the surfuﬂ, ie. how well can the su:fgﬂm be kept
wel

Boxlmg film coefficients in evnpomwm where ' Lhe re-’
frigerant surrounds plnm or finned tubes are influenced by:

lT;xbem i wnt.hn’ u:bubed}-

2. Tube spacing, arrangement, hexght of zube bundle,
3 .Tube roughness, fin arra.ngemm
“4. Presence of OLL : ;
5. Refri (distributing I SPHXS,G‘G.)-j
8. Presence of noncondensables. . Lo
7. Evaporator temperature. o s

. 8. Method of ‘expansion (valvs, xmectora. pumps, ete)
9 Dryness of leaving vapor.

diﬁermce,"‘ hei




