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Here are seven easy-fo-use

formulas to tind capacity of
y@ur system, be it direct or in-
direct type. Study the prob-
lems solved for you so you'll
be ready for some fast checks

By D K CHAPMAN
Service Enginear, Worthingten Corp

Easy Figuring Helps You Check Out
Refrigeration for Air Conditioning

» Two tyres of refrigeration systems
may be used with sirconditioning units
—direct and Indirect expansion. Direct
haa evaporator coils in air stream. Ex-
pansion valvo In coil regulates refrig.
erant flow. Indirect has evaporator coils
that cool water or other liquid pumped
through the alr-conditioning unit.

$pot Chocks. You can check refriger-

ating-machine performance in several
ways. With each you must use some sim-
ple arithmetic—but don’t let that scare
you. Just follow the formulas and sieps
we give below. They're nceurate enough

. for al} ordinazy jobs. You can figure

some results closer, but the extra work

needed really isa't necessary unless

you're designing a plant. .
Sysiom Capaclty. On trouble shooti

and leaving the system'’s chiller, F.

If you don't have a flowmeter 10 meas-
ure chilled-water flow, multiply differ-
ence between suction and discharge
pressure-gage readings “of circulating
pump by 2.31. This gives pump head in
feet. Reler to characteristic curve for
pump, read: gpm.corresponding to that
head. Diagram, right, is a typical char-
acteristic curve for o centrilugal pump.

To estimate gpm from curve you must
know both the head and horsepower of
pump. Easiest way to find pump hp is
10 use a clamp-on wattmeter to meas-
ure input walts, Divide reading by 746,
and muliiply result by 0.80 and pump
efficiency, read from the characterisiic
curve, (The value 0.80 is the sssumed

and other jobs you often benefit from
knowing actual capacity of s system that
cools ¢hilled water for air conditioning.
Most systems like this have a water
chiller in which relrigerant expands in
a coil. Waier posses through chiller
shell. Bul you can use same method for
a flooded-type chiller, too.

Figure the capacity from € w= 0.042
gpm X to, where C = tons refrigera-
tion; gpm == gallons of chilled water
circulated per mioute; te == tempera-
ture diffecence between waler entering
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motor effic , 80%, exp d as a
decimal.)

Remember, you must use the char-
acterlstic curve for the pump in your
system, Diagram is only an example of
a typical centrifugal-pump curve.

Direct-expansion systems may be fig:

.ured in three ways if you wish to check

over-all capacity of system. These are:
(1) measuring total heat removed from
air passing thraugh coil (2) measuring
best rejected to condensing water (3)
separately measuring sensible and Intent
heat removed from air.

PLANT OPERATION AND MAINTENANCE SECTION

CENTRIFUGAL COMPRESSORS serving large refrigeration lood In a hotel. There ore.
many useful checks you con moke on system performance by using hints given hera

Sensible-hest removal results In s iR
change of air temperature while latent
heat comes from molsturc that con-
denses out of the sir. Method 2
equally good for direct and indirect sys
tems,

Total Heat. To figure tolal heat u:'z

A
¢
maved from air passing over o coil use .
this cquation: H = 4.5 X ¢fm X bo 3
where H == total heat removed f{rom (ff.
air, B per hr; cfm «= cublc feet of T8 ..
air passing over the coil per minute;
he == enthalpy difference between- en- 5|
tering and leaving oir, Btu per Ib.
Obtain air enthslpy from a psychso-
metric chart or the table, right. Read
enthalpy at the air’s wet-bulb tempers-
ture, not the dry-bulb. Once you've y
figured total hent removed by refriger- :
ant, convert this to tons refrigeration
by dividing hy 12,000 Biu per hr per
ton, If wet-bulb temperatures you're 7|
working with are above or helow those
in tahle, see n standard reference book R
such aa ASHEVE Guide.
Moasure air veledty with a velo-'}
mater, if possible. This gives velocity /i
readings directly, Convert to cfm by-3
multiplying aversge “velocity, obtalned *R?
from 10 or 12 readings across.the duct,
by duct area in square feet. You can {
nlso nse o pitat Jube to obtain air R
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.TYMCAL characteristic curve for o centrifugo! pump In an .
oir-conditioning system. Don't use this chort for figuring

velocity. It’s often handy when s duct
opening isn't accessible. Be surc to fol-
low instructions provided with these in.
struments when taking measurements.

Heat rejectod to condensing water |s

whers A == heat to condenser water,

. B per hr; gpm == gallons of water

passing through condenser per minute;
fa «= temperature rise of water through
condenser, F. Deduct 109 of the fig-
ured heat ‘to get actual heat rejected
beesuse this much heat in condenser
water comes from what's called “heat
of compression.”” This is heat from
work that compressor must do to raise
the preasure of the vapor. Divide result
bly_.li,(n) o convert to tons refrigera-
~tion. .

- - Don't lorget that if compressor is
hermetic type, having motor winding
cooled by suction gas, this hest is also
rejected to the condenser water. So we

** . must deduct the Biu equivalent of motor

hn}. or motor, hp X 2544, from heat

figured from A ws 500 X gpm X fo
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. ’ b/ // 5y % Condensing-vates Inlet temp, F 6095
gindi = 2123) . Condenslng-vater outlet tarip, F 85-113
& b Waoter-temp tisa In condensar, F 15-25
; i Frean.12 haod preswre, piig 100-130
- 4.7 ) N
5 Go)"fi’ \ . Froon-12 suction pressure, psig 25-50
in 9 Temp olr eaters cooling coil, F 75-90
: Temp drop through cooling coil, F 12-25
\\ §< \/ T Temp oir leaves cooling coil, F $0.70
e N Alr circulated por ten' refrigaration, efwv  300-600
\" = Room temp for comfort cooling, F 70:86
o . \.w Cvudc‘udu wates, gpm per ton 15
i 3505 %0 200 250 300 330 400 430 Temp chillad-water entars coolers; F :::4’)

Quick Cheek List for °

Temp chilled-woter lcoves coolers, F

.

Enthalpy of Malst Alr
Wet-bulb Enthalpy,
temp, F Btu per Ib
8 319
69 nn

-1 1.8
n 34.)

n 3507,

n 1600

. 113 69
78 ) pr X}
76 nn
7 19.67
78 40.64
% 41,63
80 42.64

81 4).67
2 “n
L)) 43.80
8 4691
8s 48.04

load on condenser. Trent fan motors in

the-cool ‘&ir stream the same way.

B:- +.This Gguring is good for all shell-and-
* tube cond

Use a i or

- measaring borrel to find water flow in

‘spm. On laege jobs where it's 1ough to
measuro flow accurately with a barrel,
install pressuro gages on inlet and out-

;. 1ot of condenser water pump, Multiply

difference in readings hy 2.31 to find
.tous) head In feer. Rend gpm from pump

. . characteristic curve, after figuring motor

BP 09 hown sbove.

Evaporative condensers are figured by
method 1 above, except that we're deal-
Ing with an sir-temperature riso instead
O.f ¢ drop. Also, we must subtract heat

of compression (1095) and electrical
hent, if any.

Total sensible heat is found from
he == 1.1 % cfm X to, where Ay am total
sensible heat removed from air, Btu per
hr; cfm w= cublc feet of air cooled per
minule by refrigerant; t« ww temperature
difference between air entering and
leaving coil, F.

Figure tolal latent heat from A wm
8750 3¢ gph, where Ai = tots] lntent
heat removed from alr, Blu per hr;
gph == gsllons of i densed

You have enough methods here to
make 8 good spot check on most jobs
you run across. But since they are all
subject to a litile inaccuracy, depending
on conditlons, your best bet is to figure
the job in sevéral ways and take ‘the
average of your results.

For quick checks of refrigeration sys-
tems use the list shown above. Ranges
given are typical, and you'll find them
valid for most jobs you're called on 10

.Arouble-shoot.

‘Bxamples. Here are several typical
problems showing how to use the equa-
tions above.

Example: A compreasor’ chills 100
gpm of water through a temperature
range of 20 F. What is compressor.
capacity st this load?

Solution: Use first equation; € =
0.024 ¢ 100 % 20 == 48 tons.

Example: Air enters o coil ot n wet-
hulb temperature of 80 F, leaves at 70
F. What s compressor tonnags when
1000 cfm flow through coil?

Solution: Difference in total heat,
using values from table, is 42.64 - 33.51
== 9.13 Biu per b Put this in equation
10 find total heat removed as H a= 4.5 X
1000 3¢ 9.13 w= 41,083 Biu per hr. This

.is-41,085/12,000 = 3.43 tons of refrig-

eration.

Example: What is the eapacity of a
refrigeration unit using 30 gpm of con-
densing water when temperature rise

‘through condenser 1s 20 F?

Solution: Using method 2, & =500
X 30 X 20 «w 300,000 Btu per hr. Sub-

from alr per hour. Add total sensible
and latent heat to find amount of heat
the coil removes from air.

PLANT QPERATION AND MAINTENANCE SECTION

ing 10% for heat of compression,
quantity of heat rejected to cooling
weter:is 270,000 Biu per hr and tonnage
is 270,000/12,000 == 22.5 tons.

123




