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Insulation

Heat leaking
through insulation

Heat flows from warm space to cold water. Water
temperature rises as space temperature decreases. Refrig-
eration will not be continuous.
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Insulation
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Heat leaking
through insulation

Heat flows from warm space to cold ice.
Temperature of space decreases as ice melts. Temperature
of ice remains at 32°F. Heat absorbed by ice leaves space
in water going out the drain.
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Continuous sensible cooling. Heat taken in by the water in the space is given
up to the ice.
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Refrigerant vapor
at atmospheric
pressure
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Refrigerant—134g
liquid boiling at
-15.1°F

40°Fspace
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The Refrigerant-134a liquid vaporizes as it takes
in heat from the 40°F space. The heat taken in by the
refrigerant leaves the space in the vapor escaping through
the vent.
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Pressure of
refrigerant vapor
below atmospheric
' %_947 psia 4455
E e ey Refrigerant-134a liquid
Refrigerant =
vapor above 3 _r_'x:'_"_":r.}.-n. boiling at —100°F

0‘. -wF w
Refrigerant-134a o
4 liquid boiling at 30°F ...’
.F ce . .‘.o
T 1C .
73 C Vapor pump . :;‘;\?}
1‘—':"--

%

The boiling temperature of the liquid refrigerant  Fig, 6-7 Pressure of refrigerant in evaporator reduced
in the evaporator is controlled by controlling the pressure  helow atmospheric by action of a vapor pump.
of the vapor over the liquid with the throttling valve in

the vent.
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High pressure
liquid
refrigerant

N
SRR
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Needle vaive
assembly

N

Low pressure
liquid refrigerant

Float valve assembly maintains constant liquid

level in evaporator. The pressure of the refrigerant is re-
duced as the refrigerant passes through the needle valve
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High pressure

Refrigerant control
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Serpentine coil evaporator with thermostatic
expansion valve refrigerant control.
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Low-pressure,
low-temperature
vapor

Low-pressure,
low=temperature
liquid-vapor mixture
Refrigerant control
\ A

High-pressure,
high-temperature
liquid
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b (e life-
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Low-pressure,
low-temperature
liquid-vapor mixture

B

IIrms s HEEEH S
F Vapor compressor Coﬂdenﬁef)
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PARR] ¥
High-pressure,
High-pressure, high-temperature )
high-temperature

vapor liquid-vapor mixture

High-pressure,
high-temperature
liquid

Collecting and condensing the refrigerant va-
por. Refrigerant absorbs heat in evaporator and gives off
heat in the condenser.
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Fig.
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Refrigerant
flow control

O

C Liquid

) (5 line

Suction
line
Discharge line )
@{ Receiver
[ Condenser tank valve
Suction l ) ) |
service valve ( é |
I
Compressor ) : (?_Roceiver

C 1 tank

Flow diagram of simple vapor compression system showing the principal
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HEAT SINK
HEAT HEAT
TRANSFER REJECTION
EQUIP. EQUIP.
ROOMS
REFRIGERATION ATMOSPHERE
MACHINE
1 1
e
HEAT s
AIR OR AIR OR BODY
WATER WATER OF
§ WATER
b T M
GROUND
Cooling systems vary mainly in how
heat is transferred to and from the
refrigeration machine.
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FCU (Fan Coil Unit/’] £[z:x “4&‘&%1“?%)
B CAV (Constant Air Volume/ E R = sa sl

172 0
B VAV (Variable Air Volume/i@/i &l = 304
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B VRF (Variable Refrigerant Flow)
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Building Load

Condenser
Water Loop

Chilled Water Pump

Chiller

Condenser Chilled Water Loop

Water PumpJ -
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51.5F 54F

51.5F Return Water |
To Chiller J
Two 400 Ton Chillers

Each At 200 Tons
Balanced Load

44F

480 gpm Flow Through
Decoupler

Chiller 1- On
Two Primary Pumps
Each At 960 gpm

Flow

Chiller 2- On

Chiller 3- Off

Building Load
600 Tons
(50% Load)

Secondary Pump
1440 gpm
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- Multi-Stage Compression
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Two-Stage Expansion

5 » To compressor .
-
2
2]
Flash tank ﬁ
-
4
® = To evaporator
Expansion
valve Enthalpy. kJ/kg

Expansion process showing replacement of process 3
-2 with the combination of 4-5 and 6-7.




Flash-gas removal

Evaporating temperature, °F
-40  -20 0 20 40 60
20 i . 1d — ]
ondensing tempera
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Saving due to flash-gas removal, percent
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40 -30 -20 -10 o , 10 20
Evaporating temperature, C

Percent saving in total compressor power resulting from flash-gas
removal at the optimum intermediate temperature.




Percent saving

Evaporating temperature, °F
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Percent saving in total compressor power resulting from intercooling at the
optimum intermediate temperature.




Compression between two given
pressures

Pressure

Compression A

Compression B

Enthalpy

Comparison of compression between two given pressures with differing initial temperature




Intercooling In two-stage compression

Area representing
saving in work

High-stage
compression

2

4~

Intercooling /

Low-stage
compression

Pressure, kPa
Pressure, kPa

: — .
Displacement, m> Enthalpy, ki/kg

(n=1)/n

where p = pressure, Pa
y = specific volume, m3 /kg

n = polytropic exponent relating the pressure and specific volume during com-
pression, pv? = const -




Intercooling with a water cooled heat
exchanger

Water +

\AAAAMAAN

Intercooler

ITM

1 1
Low-stage

compressor

High-stage

compressor

(a)




Intercooling with liquid refrigerant

4
High-stage
compressor
A2
Liquid b_‘..‘m
from > 1
condenser
Intercooler Low-stage
compressor

Intercooling with (a) a watercooled heat exchanger, and
(b) liquid refrigerant.




Refrigerant streams In a flash-
tank/desuperheater

To high-stage
Ompressor
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: liquid

2% Y vapor from low
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Example

Example 16-1 Calculate the power needed to compress 1.2 kg/s of ammonia from
saturated vapor at 80 kPa to 1000 kPa (a) by single-stage compression and (4) by
two-stage compression with intercooling by liquid refrigerant at 300 kPa.

h=1450kl/kg
1.2 kgfs

= 1588 kl/kg

From condenser § {: 5 3
h=316%klkg

Heat balance: ,
w6(316 kJ/kg) + (1.2 kg/s) (1588 kJ/kg) = w4(1450 kJ/kg)

Mass balance:

w‘:-'+1.2~=w4

Solving gives
w, = 1.346 kg/s

Im}ércodling the ammonia with liquid refrigerant reduced the power require-

me#ht from 468 to 453.2 kW.
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Example

ks

Pressuse,

Enthalpy, klikg

Table 16-1 Comparison of ammonia compression with and without intercooling

P

Without intercooling, With intercooling, processes
processes 1-2 and 2-3 1-2, 2-4, and 4-5
hz—hl,kljkg 1588 - 1410 1588 - 1410
h3—}:2,kljkg 1800 - 1588
hg -hy, kl/kg .. 1628 - 1450
Flow rate, kg/s, 1 to 2 1.2 1.2
2to3 1.2 _
4tosS .. 1.346
Power required, kW, 1 to 2 213.6 213.6
2to3 254 4
4tos5 239.6

Total power, kW 468.0 453.2




Ratio of required capacities

gy DO E

b” - 1
g N |
g \ \ Saturation temperature of
[ ]
g 12
2
2
.E i
§
9 L1
e
g
g

1.0

=50

Evaporating temperature, 'C

FIGURE 3.20 .
Ratio of required capacities of the high-stage to the low-stage compressor in a single-evaporator
ammonia two-stage system. (Courtesy of Vilter Manufacturing Corporation)
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Percent savings in power of two-stage
systems

Condensing temperature 35°C (95°F)

0 ! [ J _
~40 -30 =20 o ~10 0
Evaporating temperature, C

FIGURE 3.25 .
Percent savings in power of two-stage systems employing flash-gas removal and desuperheating
in comparison to single-stage operation. '
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Liguid Subcooler

Vapor e >
\a’ FT2sh-gas

Warm liquid xC 2pressor

from
condenser t l 5 l
— - ' .
Intermediate-

temperature
N A liawd

1 liqud
= 1=,
Subcooled
liquid

FIGURE 3.5
A liquid subcooler using a coil immersed in the liquid of an intermediate-pressure vesse..

U-values of immersed coil subcoolers,
W/m?.K (Btu/hr-ft2.°F)
Refrigerant | Tube-side velocity, m/s (ft/s)

0.75 (2.46) 2.0 (6.56)
R-22 75 (13) 125 (22)
Ammonia 180 (32) 275 (49)
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Liguid Subcooler

From condenser
J’ To intermediate
pressure
—
To evaporators
—_—
FIGURE 3.6

Liquid subcooling with an external shell-and-tube heat exchanger with boiling refrigerant con-

trolled by an expansion valve,
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Liquid Subcooler

L e e ]

TTERCAN
vapour from
Compressor e

LP discharge
a. vapour in 1. Open or closed “flash™
b. vapour out interstage cooler
< mixture in 2. Main standpipe
d. liquid (in/)out 3. Throttle cortrol valve
e. standpipe 4. Oil ﬂpﬁfator
f. oil drain E. Gas suction filter

1ZEMCADR
g. standplpe
h. subcooling coil
{system D only) .
Fig. C4.8 Open or dosed "flash” interstage cooling assembly
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Liguid Subcooler

To intermediate
Ecssure
: =
i
§ Flash
g B tank
&

N

™~

Thermosyphon
- heat exchanger

To gvaporators ___|

L_
FIGURE 3.7

Liquid subcooling with an external heat exchanger of the thermosyphon type.
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Olil injection intercooling

g
3
2 Refrigerant to
flash-tank/intercooler
-
Motor Compressor
Oil
and oil, 60°C (140°F)| separator
Injected oil = 60°C (140°F)

Liquid refrigerant from the condenser
for compressor cooling

FIGURE 3.21
Cooling the oil injected into a low-stage screw compressor by direct admission of liquid refrig-
erant.
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Olil injection intercooling

=
—% Refrigerant to
n flash tank/intercooler
2
Compressor g
&
Refrigerant il 5.3
oL, separator o
60 C (140°F) - Refrigerant 5;33;&!
- liquid and " | separator
Injected oil, 49°C (120°F) o vapor . |
C Ligquid
refrigerant

Refrigerant liquid
¢ to Ei&-pressure receiver

FIGURE 3.22
Cooling the oil injected into a low-stage screw compressor by an external thermosiphon heat

exchanger which in turn is cooled by boiling refrigerant.




Partial intercooling

$ g:c{t;i::-n Refrigerant to To ambient
P intgrcooler . Heat
Low-stage 60°C (140°F) ||
mpressor
;D P _ Condenser
"0il | .
Refrigerant an? separator ouf
oil, 60°C (140°F) 60°C Heat
(140
Qil
cooler
Injected oil, 49°C (120°F) r
FIGURE 3.13

A partial intercooling provided by oil cooling in a low-stage screw compressor.




Economizer

w
A
&
~
3
=g
: . s
Subcooled, high-pressure liquid ’ L
hell-and-tu i
heat exchange: L—llﬁ—-

FIGURE 3.24
Using the side port of a screw compressor as an economizer to subcool liquid.
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Example

Example 16-2 Compare a compression of 3.5 kg/s of refrigerant 22 from satu-
rated vapor at 100 kPa to a condensing pressure of 1000 kPa (@) by single-stage
compression and (b) by two-stage compression with intercooling at 300 kPa, using
liquid refrigerant.

Table 16-2 Comparison of refrigerant 22 compression with and without intercooling

Without intercooling, With intercooling, processes
processes 1-2 and 2-3 1-2, 2-4, and 4-5
hz-hl,kilkg 416 - 387 416 - 387
hy —hz,kb’kg 449 - 416 .
hg-hy, kljkg ... 430 - 399
Flow rate, kg/s, 1 to 2 3.5 3.5
2to3 3.5 .
4tos L 3.74 :
Power required, kW, 1 to 2 101.5 101.5 £
2to3 115.5
4tosS .. 115.9
Total power, kW 217.0 217.4

Enthalpy, klikg

23



Optimum intercooler pressure

There is an optimum pressure at which the intercooling should take place in an
ammonia system. In the compression of air, where the intercooling is achieved by re-
jecting heat to the ambient or to cooling water, that intermediate pressure for mini-

mum total power is
P; = VPP, (16-1)

where p; = intercooler pressure, kPa

p, = suction pressure of low-stage compressor, kPa

p, = discharge pressure of high-stage compressor, kPa
The development of the equation does not consider the additional refrigerant com-
pressed by the high-stage compressor, but it does provide an approximate guideline
for the optimal intermediate pressure.
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Optimum intercooler pressure

B, N289°F
v

31.4-

31.2}-

Total compressor power, kW

-5

FIGURE 3.18

-4 -2 0 2 4 6

Intermediate saturation temperature, ‘F

s

42

'S

I~
o
oo

-1.7°c

41.6

47Y.3 kPa
Et | \
S0
o &
Total compressor power, hp

Inimndintemmﬁontempeme,"c

Total power required in a two-stage R-22 system with a refrigerating capacity of 100 kW (28.4
tons of refrigeration) as a function of the saturated intermediate temperature. The evaporating
temperature is —30°C (-22°F), and the condensing temperature is 35°C (95°F).
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Dynamic Response

-

/ N\

B « Intermediate
/ k’ Cond:gser 4
Evaporator, z
am w—— S — — w—
- temperature |
g

High-stage
compressor

Flow rate

High-stage flow rate

= t Ie!
" Intercooler and
° flash tank
T 7 Evaporator
j : ' 5 2s0kw
-25°C

Time

Low-stage
compressor

FIGURE 3.23 ) .
Response of flow rates and saturation temperatures of a two-stage system to an increase in

refrigeration load.
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System with one compressor and one

evaporator using a flash tank

r.————————,—————.—.ﬂ._.__._____

—— — — — —— ——— —— . T— e — — —— — — — — — —

Condenser

Flash tank

—— — — . T T ———— —— —— — — — — i " —— —

Machine room

.

Pressure-
reducing
valve

Compressor

Long lines

A
Y

Evaporator-
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Condenser

One compressor and two evaporators

rJ

Air-conditioning
evaporator
5°C

6
-

Y—

— &)
—(—

Low-temperature
evaporator

—10°C

5

N

Pressure-
reducing
valve

8

Compressor
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One compressor and two evaporators

2
4 S/

. 8
/16

Enthalpy, kl/kg

Pressure, kPa
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Condenser

Air-conditioning
gvaporator
—10°C

Low-temperature
evaporator
—10°C

Compressor
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One compressor and two evaporators

Pressure, kPa

4 7

Enthalpy, kJ/kg
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Two compressor and one evaporators

Condenser

J N

35°C

High-stage
compressor

Intercooler and
flash tank

7 Evaporator
A - S e

—25°C

Low-stage
compressor
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Two compressor and one evaporators

Pressure, kPa
-1
\ o
M\
I

—25°C

Enthaipy, kJ/kg
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Example

Example 16-3 Calculate the power required by the two compressors in an am-
monia system which serves a 250-kW evaporator at -25°C. The system uses two-
stage compression with intercooling and removal of flash gas. The condensing

temperature is 35°C.

p; = saturation pressure at -25°C=152kPa
Dy = saturation pressure at 35°C = 1352 kPa

p; =+/152(1352) = 453 kPa

hy =hg at -25°C = 1430 kJ/kg

h, = h at 453 kPa after isentropic compression = 1573

hy = hg at 453 kPa = 1463 5 il

h4 = h at 1352 kPa after isentropic compression = 1620

hs =hsat35°C=366  hg =hs =366 _, 1

hq = hgat 453 kPa =202 hg =h,; =202 i 1 /
3 5'C

Pressure, kPa

Enthalpy, kIfkg

34



Example

L
Heat balance about the evaporator:

250 kW
w, = ————— =0.204 kg/s
1430 - 202

W, =Wy =W, =w8=0.204kg[s

Heat and mass balance about the intercooler:

Ws = W3 aﬂd W7 = Wz

0.204(1573) + w3(366) = 0.204(202) + w4(1463)
W3 = 0.255 kgfs

Low-stage power: (0.204 kg/s) (1573 - 1430 kJ/kg) = 29.2 kW
High-stage power: (0.255 kg/s) (1620 - 1463 kJ/kg) =40.0 kW
Total power: 29.2 + 40.0 = 69.2 kW

35



Example

This power requirement can be compared with that of a single-compressor
system deveiopmg 250 kW of refrigeration at -25°C with a condensing tempera-
ture of 35°C. The pressure-enthalpy diagram is shown in Fig. 16-11. The en-
thalpies are:

h,=1430kI/kg h,=1765 hy=h, =366

250 kW
w, = =0.235 kg/s
1430 - 366

Power = 0.235(1765 - 1430) = 78.7 kW

The two-stage compressor system requires 69.2 kW, or 12 percent less power
than the single-compressor system.
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Two compressor and two evaporators

Condenser
40°C

Fe

T

High-stage
COMpPressor

Evaporator
5°C
200 kW

!

2) A2
6 Intercooler and

flash tank

-

Evaporator
—=30°C
180 kW

Y-

Low-stage
COMPpressor
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Pressure, kPa

5 40°C

1557 kPa

5°C 3

6 517 kPa
—30°C

8 120 kPa 71

Enthalpy, kJ/kg
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Example

Example 16-4 In an ammonia system one evaporator is to provide 180 kW of
refrigeration at -30°C and another evaporator is to provide 200 kW at 5°C. The
system uses two-stage compression with intercooling and is arranged as in Fig.
16-122. The condensing temperature is 40°C. Calculate the power required by
the compressors.

hy =h, at -30°C = 1423 kJ/kg

h2 = h at 517 kPa after isentropic compression = 1630

h ——hgatS C = 1467

h4 =k at 1557 kPa after isentropic compression = 1625
—hfat-iO C=390.6 hg=hs=3906
-—hfatSC 223  hg=h;=7223

The mass rates of flow are
180 kW

W, = —————
1423 - 223

Wy =W SW) =W, =0.150 kg/s

=0.150 kg/s

39



Example
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i Intercooler and
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Example

Heat balance:
w5h5 + 200 kW + w2h2 = w3h3 + w7i1T
Mass balance:

w, =w, =0.150 kg/s

2
Therefore
Ws = W3

Combining gives

390.6w4 * 200 + 0.150(1630) = 1467w, + 0.150(223)
Solving leads to

w, =0.382 kg/s

The power required by the compressors can now be calculated:

Low-stage power: 0.150(1630 - 1423)=31.1 kW
High-stage power: 0.382(1625 - 1467) = 60.4
Total 91.5kW
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Example

If one compressor served each evaporator in single-stage compression, the power
requirements of the two compressors would have been as follows:

Flow through low-temperature evaporator:

180 kW
=0.174 kg/s
1423 - 390.6
Flow through high-temperature evaporator:
200 kW
=0.186 kg/s
1467 - 390.6

Power for low-temperature system: 0.174(1815 - 1423) =
Power for high-temperature system: 0.186(1625 - 1467) =

Total

68.2 kW
29.4
97.6 kW
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Liguid Recirculation System
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Reciprocating Compressors
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Reciprocating Compressors:

15 types, 6 single-stage and 9 two-stage
versions with 2, 3, 4, 6, 9 and 12 cylinders
Swept volumes from 398 to 2388 mi/h
{234 to 1406 CFM) at 1500 min' (rpm)

Cylinder bore: 160 mm (6.3 in)
Piston stroke: 110 mm (4.3 in)
Speed: max. 1500 min® {rpm)
Max. discharge

pressure: 24 bar{a) (348 psia)

Type RC4212E, two-stage

L_-\ 1 ¢ D OUT M0
CI e Grasso -, wwwigrasso.n|

Grasso Products B.V. = PO, Box 343 « 5201 AH ‘s-Heriogenbosch * The Netherands « Phone: +31 {0073 - 6203 911 » Fax; +37 (0373 « 5214 320 « E-Mall: products@grasso.nl
Grasso GmbH Refrigeration Technalagy » Holzhauser StraBe 165 » 13509 Barlin » Germany * Phone: +49 (030 - 43 592 6 » Fax: +49 (0)30 - 43 532 777 » E-Mail: info@grasso.de
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FIELDS OF APPLICATION

+50

+50

+40
+30

-Fp  -60 -50 40 -30 20 -10 o+ E =20 -0 Ao 0 10 420 420
1, (°C) = tg, (20 =

Direct Drive
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DimensIONS RerrigeraTion Capacmies [KW]

Tyee NH, AT 1450 min-1 | R22 ar 1200 min-1

Grasso RC12E| -15°C | -5°C | -15°C | -5°C
216 | 1797 | 2881 | 1411 | 2138
312E 269.5 | 4321 2116 320.7

Zh 412E 3594 576.2 2822 | 4276

Length : 612E 539.1 864.3 4233 | 6414
912E 808.6 | 1296.5 634.9 | 962.1
Dimensions ( Mass | Swerr Volume 1212E 1078.2 | 1728.6 846.6 | 1282.8

Grasso RC12E | Leneth | WiDTH AT | (kG) | a7 1500/min-11 Grasso RC12E | -40°C | 30°c | -40°C | -30°C

212E | 987 | 1077 53| 3% 2112E 714 | 1145 | 648 [ 962
312E 987 | 1171 660| 597 3112E 988 | 1576 87.4 | 129.0
: I a212E 1428 | 2290 | 1296 | 1924
4128 | 1317 | 1077 810| 7% L . . . :
612E | 1377 | 17 1050 1194 6312E 2142 | 3435 | 1944 | 2886
912E | 1816 | 1171 1390 1791 7212E_| 2217 | 3540 | 1945 E
1212 | 2206 | 1171 1630| 2388 B412E | 2856 | 4580 | 2592 | 3848

9312E 2964 | 4728 | 2622 | 387.0
2112E 987 | 11711 660 398 10212E 285.2 = 245.2 =

3112E 1317 1077 885 597 Condensing temperature = +30 °C, Liquid subcooling = () K,
4212E 1377 | 1IN 796 Suction superheat = 0 K, Intermediate superheat = 6 K,
5112E 1377 | 1171 995 Temperature difference interstage cooler = 10 K, Economiser B
6312E 1816 | 1171
7212E 1816 | 1171
8412E 1171
9312E mn

10212E nn
* Far NH, only
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Table 1.2-1 Technical Data of Grasso 12 series

Single-stage

COMPRESSOR TYPE

412 612

9312 10212

) 2L
Number of cylinders
ZH

Cylinder

arrangement

Cylinder bore

Piston stroke

LP Swept
volume at

full-load and:

n=1000/min"!

1194 | 1327

Ratio LP/HP swept
volume (Z,/Z) at
full load

Standard direction
of rotation

counter-clockwise when facing shaft end

Standard
compres- sor
speeds (with

(50 Hz)

535- 600- 675- 720- 765- 860- 965

V-belt drive)
at motor
speed:

k=
£
o
w
<t
i
k=
E
(=]
w
™~

(60 Hz)

520- 550- 580- 650- 725- 820-8 70- 920

100 | 100-
-8967-  83-67-
44- 33 1 50- 25

Standard

100-
75-58-
42

100-
67-44

steps of

capacity

control
(expressedin

100-
100- |92-83-
89-78- 75-67-
67-56- | 58-50-
44- 33 42-33-
25

volume):

100-
100-
75-58-
67-44 1

100-
78-67-
56-45-

33
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Legend

1 Shaft seal housing 17 | Suction gas filter housing
2 Rotary shaft seal 18 | Plug with oil return orifice
3 | Bearing cover (drive end) | 19 |Bearing cover (oil pump end)
4 Connecting rod 20 Thrust bearing
3 Crankcase Fl il purmgp

oy 17 [ Fiston 22 Qil pump housing

) 7 Valve l':'r:r’:g;r"“‘m' 23 il discharge filter

| B Cylinder brer 24 Plugged off connection for

crankcase heater

Suction and discharge valve

assemnbly 25 | il charge and drain valve

18
19

Buffer spring cup 26 | Sleeve for heating element
27

Cylimder jacket
12 Buffer spring 28 Crankshaft

Qil supply line

Cylinder head cover 29 Intermediate bearing

30

Suction manifold Ol intake line

Valve lifting mecanism N Counterweight

22 - -
Suction connection

3

24

an 29 28

27 26
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Effect of the Evaporating Temperature on
Volumetric Efficiency

The volumetric efficiency is a key term in explaining trends in the refrigerating
capacity and power requirement of reciprocating compressors. The volumetric
efficiency of a compressor, 1, in percent, is defined by the equation:

volume rate entering compressor, m’/s (ft’/min)

M = (100) (4.1)

displacement rate, m’/s ({t’/min)
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Effect of the Evaporating Temperature on

Volumetric Efficiency

Example 4.1, What 15 the volumetric efficiency of an eight-cylinder Vilter
458XL ammonia compressor operating at 1200 rpm when the saturated suction
temperature is ~1°C (30.2°F) and the condensing temperature is 30°C (86°F)?
The bore and stroke of the compressor are 114.3 by 114.3 mm (4-1/2 by 41/2
in). The catalog lists the refrigerating capacity at this condition as 603.] kW

(171.5 tons).
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Effect of the Evaporating Temperature on
Volumetric Efficiency

Solution. The volume swept by one piston during a stroke is:
swept volume = (x 0.1143? /4 m?)(0.1143 m) = 0.001173 ma® (0.0414 {t°)

The displacement rate is the displacement volume of one cylinder multiplied by
the number of cylinders and the number of strokes per second:

displacement rate = (0.001173 m®)(20 rev/s)(8 cylinders)

= 0.1877 m* /s (397.7 cim)

The mass flow rate can be computed by dividing the refrigerating capacity by
the refrigerating effect. The enthalpy of ammonia leaving the condenser and en-
tering the evaporator is 342.0 kJ/kg (138.7 Btu/Ib) and the enthalpy leaving the
evaporator is 1460.8 kJ/kg (619.6 Btu/lb). The mass flow rate m is:

L 6031kW
~ 1460.8 ~ 342 kI /kg

= 0.539 kg/s (71.3 Ib/min)
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Effect of the Evaporating Temperature on
Volumetric Efficiency

The specific volume of the refrigerant entering the compressor is 0.3007 m3/kg (4.82
ft3/lb), so the actual volume flow rate is:

volume flow rate = (0.539 kg/s)(0.3007 m®/kg)
= 0.1621 m®/s (343.4 cfm)

Equation 4.1 can now be applied to compute 7,

. . 0.1621 m*/s
nv = volumetric efficiency = 01877 /s (100) = 86.4%
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Effect of the Evaporating Temperature on
Volumetric Efficiency

e
B
k|
:
E
|
2

FIGURE 4.2 .
Band of volumetric eficiencies of an &-eylinder Sabroe 1051 ammonia compredsor operating at

1170 rpm.
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Effect of the Evaporating Temperature on
Volumetric Efficiency

Extreme r.tmns _,_,-‘-A

of plslnn

FIGURE 4.2

Fressure volume diagram corresponding to several piston positions.
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Effect of the Evaporating Temperature on
Volumetric Efficiency

(4-2)

The magnitude of V. is a function of the design and construction of th.e
compressor, and most manufacturers try to keep this volume to a minimum. Ve 18
often expressed as a percentage of the swept volume in a term called the percent

clearance, m

Ve |
Percent clearance = m = (Va — V,_) 100 (4.3)
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Effect of the Evaporating Temperature on
Volumetric Efficiency

-Vt V-V V.- 1
ve = | === | 100 = 10( 100
e ( VS_V: ) +(V:3-V)

| Ve V(W " |
e = 100 109(1,,3 V)(V“l) 100 - m(-iml} )
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Effect of the Evaporating Temperature on

Volumetric Efficiency

Finally, the volume Vi can be related to V; by assuming that the expan-
sion of the clearance gas to the suction pressure is an isentropic expanston—the
reverse of an 1sentropic compression. The relationship of pressures and specific

volumes in an isentropic process between point ¢ and point b can be approxi-
mated by the relationship:

i/n
Vp Pa
N YTAN (—) = (—) 4.5
Prvy L o (4.5)

where the exponent n is unique for each substance. For ammonia the value of n
Is about 1,28 and for R-22 its value 1s approximately 1.11.
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Effect of the Evaporating Temperature on
Volumetric Efficiency

The term V;/V, in Eq. 4.4 can be expressed in terms of the pressure ratio,
(p./p1)"/". The expression for the clearance volumetric efficiency then becomes:

fve = 100 = m{(pressure ratio)'/" — 1] (4.6)

Example 4.2. The percent clearance of the ammonia comptessor whose actual
volumetric efficiency is shown in Fig. 4.2 is 3%. At a pressure ratio of 5.0, what
is the clearance volumetnc efficiency?

Solution. Applying Eq. 4.6,

Joc = 100 = 3(5""** = 1) = 92.5%
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Influence of the Evaporating Temperature
on Refrigerating Capacity

The overall equation that expresses the refrigeration rate is:

qr = ";rd (qu/IDU) (1/”1) AY, P

refrigeration rate, kW {(tons of refrigeration)200)]
displacement rate, m?/s {ft* /min)

actual volumetric efficiency, percent

specific volume of gas entering the compressor,
m3/kg (ft3/1b)

reftigerating effect, ki /kg (Btu/Ib)
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Influence of the Evaporating Temperature
on Refrigerating Capacity

3

Volume rate of flow, ft’ /min

"g
5
©
|
Lt
Q
2
E
:
G

40 30 20 -0 0 10 20
Evaporating temperature, C

FIGURE 4.4
Effect of evaporating temperature on volume rate of low measured at the compressor suction

of an 8-cylinder compressor with & displacement rate of 0.123 m®/s (260 cfm) operating with
a condensing temperature of 30°C (86°F).
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Influence of the Evaporating Temperature
on Refrigerating Capacity

e ]
o

o
Specific volume, £ /b

LM

\

R

e ———

-30 20 -10 o 10 20
Evaporating temperature, C

FIGURE 4.5

Variation in the specific volume of ammonia suction vapor with evaporating temperature.
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Influence of the Evaporating Temperature
on Refrigerating Capacity

N
=

—
b

2
.
O
=2 60
k=
o
.

[
[ }
Mass rate of flow, Ib/min

/

¢
-4 -20 -10 0 100 20
Evaporating temperature, C

[}
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FIGURE 4.6

Influence of the evaporating temperature on the mass rate of Bow of ammonia for the recipro-
cating compressor introduced in Figure 4.4,
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Influence of the Evaporating Temperature
on Refrigerating Capacity

Lh
o
o)

7

/

-30 -20 -10 0 o0 20 30
Evaporating temperature, °c

3
g
g
i =490
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=]
&
2

Refrigerating effect, Btwlb

FIGURE 4.7

Refrigerating effect for ammonia as a function of the evaporating temperature, with a condens-

ing temperature of 30°C (10°F) assuming 5.6°C (10°F) of liquid subcooling and 5.6°C (10°F)
suction superheat.
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Influence of the Evaporating Temperature
on Refrigerating Capacity
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FIGURE 4.8

Effect of the evaporating temperature on reflrigerating capacity of the ammonia compreasor in
Figure 4.4. The condensing temperature is constant at 30°C (86°F).
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Influence of the Condensing Temperature
on Refrigerating Capacity

Condensing temperature, °F
60 80 100 1120
| 1 |
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Condensing temperature, C

FIGURE 4.9
Effect of condensing temperature on the refrigerating capacity of an 8-cylinder ammonia com-

pressor with a displacement rate of 0.123 m? /s (260 cfm) operating with an evaporating tem-
perature of —10°C {14°F).
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Influence of the Condensing Temperature
on Refrigerating Capacity
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FIGURE 4.10 _
Effect of both the evaporating and condensing temperatures on refrigeration capacity for the
8 cylinder ammonia compressor.
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Power Required by a Reciprocating
Compressor

Low vapolagn&

ok LT

Enthalpy

FIGURE 4.11
Effect of evaporating temperature on the ideal work of compression,

. JEERCEERE iR e e




Power Required by a Reciprocating
Compressor

Ideat work rate of flow
of com- —
pression

Mass rate of flow, kg/s (1b/min)

2
g
2
a
%
2
B

Work of compression, ki/kg (Btu/lb)

| [ | 1 |
-40 -20 o
Evaporating temperature, C
{ Il 1 T
i2 8 6 4 3 2
Pressure ratio

FIGURE 4.12

Effect of svaporating temperature on the mass rate of Aow, the ideal work of compression and
the compressor power requirement. The condensing temperature js 30°C (86°F).
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Power Required by a Reciprocating
Compressor

-20 -10 0.,
Evaporating temperature, C

FIGURE 4.13 .
Actual power requirernent of an E-cylinder Sabroe 1061 ammonia compressor operating at 1170
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Adiabatic Compression Efficiency

calculated from the equation:
P =1 Ahcomp (4.11)

where P 1s the power required by the actual compressor.
The ratio of the ideal to the actual work of compression is defined as the
adiabatic compression efficiency, 7.

_ ﬁhidmi

= 4,12
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Adiabatic Compression Efficiency
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FIGURE 4.14
Adiabatic compression efficiency as a function of the compression ratio.
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Effect of the Evaporating and Condensing
Temperature on System Efficiency
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FIGURE 4.15

Coefficient of performance and horsepower per ten as a fnetion of the evaporating and con-
densing temperatures.
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Effect of the Evaporating and Condensing
Temperature on System Efficiency

TABLE 4.1
Percent reduction in power per °C (°F).

Small Lift of Large Lft of

temperature temperature

Increase of evaporating | 51 % per °C 3% per °C
temperature 2.8t% per °F | 1.71% per °F
Decrease of condensing | 5% per °C | 3= % per °C
temperature 2.8—% per °F 1 1.7"% per °F
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Effect of the Evaporating and Condensing
Temperature on System Efficiency

TABLE 4.2

Reduction in compressor capacity caused by a drop in saturation temperature in
the suction line.

Evaporating temperature, °C (°F) |
-20°C (-4°F) - -40°C (~40°F)
Refrigerant | 0.5°C drop { 1.0°C drop | 0.5°C drop | 1.0°C drop

i

Ammorua 2.1% - 4.2% 1.6% 5.2%
R-2? 2.0% 3.9% 2.3% {.6%
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Effect of the Evaporating and Condensing
Temperature on System Efficiency

N

\

-10 0
 Evaporating temperature, c

FIGURE 4.19
Discharge temperatures for ideal, adiabatic compressions from saturated vapor to a pressure
corresponding to a condensing temperature of 30°C (86°F).
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Effect of the Evaporating and Condensing
Temperature on System Efficiency

TABLE 4.3

Effect of rotative speed on the volumetric and compression cfficiendies for a campressor oper-
ating at 35°C (95°F) condensing and -10°C (14°F) evaporating temperatures.

800 rpra | 1200 rpm | 1600 rpm
Volumetric efficiency 80% 80% 80%
Compression efficiency 80% 6% 2%

typically must be higher than about 100 kPa (15 psi). The cutout could be set
to shut down the compressor after a 90-second duration of low pressure. This
time delay permuts the compressor a time interval to build up the oil pressure
on startup.




Capacity Regulation
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FIGURE 4.21 |
Power-capacity relationship of a 70-kW (20-ton) water chiller during cylinder unloading.
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FIGURE 5.1 )
Screw compressor rotors with (e} symmetric profile, and () asymmetric profile.

FIGURE 5.2
Screw compressor rotors.
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FIGURE s.¢

Visualization of the irita.ke. compression and discharge processes of a sCrew compressor.
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Pressure

go“ftﬁ“ i N~ Translation Dischf;x;; port
closcd\l | I ﬁ" v
Rotation of screws

®)

Pressure

Pressure

©

1
Rotation of screws

FIGURE 5.5 .
Pressures during intake, translation, compression, and discharge when (a) the discharge-line
pressure equals, (b) when the discharge-line pressure is-higher, and (c) the discharge-line pres-
sure is lower than the built-in discharge pressure. ’
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Pressure
Pressure

b - - - - - .- -

Volume

®

FIGURE 5.6
{a) Over-compression and (b) under-compression shown on a pressure-volume diagram where
the area under the curves indicate work applied to the refrigerant.

volume in cavity when suction port closes
v = - . —
'~ volume in cavity when discharge port uncovers

. E
suction volume*‘) ok

Pressure ratio = | —
(dxscharge volume

wheze £ = ratio of specific heats, ¢, /¢,, which is approximately 1.29 for ammonia
and 1.18 for R-22.

TABLE 5.1 :
Pressure ratios corresponding to built-in volume ratios for ideal compression.

Built-in volume ratic | Ammonia | R-22

[T,
‘-o,.\:mw"\’ v

2.6 3.4 3.1
3.6 53 4.5
4.2 6.4 8.9

5.0 8.0 6.7




Adiabatic compression

efficiency, 7, percent

5

FIGURE 5.7
Adiabatic compression efficiency of ammonia screw compressors.

Compression efficiency, %
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at peak efficiency ) Pressure ratio
[ at design conditions
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Pressure ratio

Selecting a compressor with its peak efficiency occurring lower than the design pressure ratio.
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FIGURE 5.9

Effect of evaporating and condensing temperatures on the refrigerating capacity of an ammonia
screw compressor. (Model RWB-II 223, Frick Company)

TABLE 5.2 . )
Comparison of refrigerating capacity and power of screw and reciprocating com-
pressor with changes in evaporating and condensing temperatures. Values shown
are percentages referred to the base evaporating temperature of 5°C (41°F).

Evaporating Capacity, kW (tons) Power, kW (hp)
temperature,| Condensing temperature Condensing temperature
*C (°F) 20°C (68°F) | 35°C (95°F) | 20°C (68°F) | 35°C {95°F)
Recip. [Screw | Recip. | Screw ecip. | Screw [Recip. [Screw
S (41) 1.00 | 1.00 | 1.00 | 1.00 | 1.00 1.00 | 1.00 1.00
0 (32) 0.838 | 0.834| 0.714 | 0.835 1.02 | 1.05 | 0.972 | 1.01
—-10 (14) 0.572 | 0.564 | 0.481 | 0.565 | 0.985 1.09 { 0.872 | 0.980
=20 (-4) 0.38 ]0.375 0.321 | 0.371 | 0.848 | 1.09 0.710 | 0.877
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FIGURE s5.10
Effect of evaporating and condensing temperatures on the power requirement of an ammonia

screw compressor. (Model RWB-II 222, Frick Company)
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FIGURE s5.11
A .dxde valve for capacity control of a screw compressor: (s) its position relative to the rotors,
(%) slide a2 full-capacity Position, and (c) slide at reduced-capacity position.
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FIGURE 5.12
Side view of the function of the slide valve at (a) full capacity, and (3) partial capacity.
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Part-load power requirements of a screw compressor. The solid lines apply to constant con-
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TAPLE 5.3

Flow-rate carrying capacities of various line sizes in the vent pipe between the

receiver and the condenser.

Pipe size, inch Ammonia R- 22
kg/s Ib/min | kg/s | Ib/min
1-1/2 0.0529 7 0.121 16
2 0.9957 12 0.219 29
2-1/2 0.165 22 0.378 50
0.295 39 0.680 90
4 0.529 70 1.17 155
5 0.907 120 2.12 280
] 1.66 220 3.63 480
§ 5.29 7 7.56 1000
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Example 5.1. Design the thermosiphon oil-cooling system serving an ammonia
screw compressor operating with an evaporating temperature of —20°C (—4°F)
and a condensing temperature of 35°C (95°F). The fall- load refrigerating ca-
pacity and power requirement at these conditions are 1025 kW (291.4 tons of
refrigeration) and 342 kW (458.5 hp), respectively.

Solution. The combined refrigeration and power input is:
1025 kW + 342 kW = 1367 kW
or
(291.4 tons)(12,000) + (458.5 hp)(2545) = 4,664,000 Btu/hr

Figure 5.25 indicates that at the prevailing evaporating and condensing
temperatures, 14% of the total energy input.is absorbed by the oil:

9oc = (1367 kW)(0.14) = 191.4 kW (653, 000 Btu/hr)
'

As a preliminary step, compute the evaporation rate of ammonia,

Joc  _ 191.4 kW
hg—hy; — 1124 ki/kg

=0.1703 kg/s

Mey =

653, 000 Btu/hr B )
(483.2 Btu/Ib)(60 min/hr) — 22-52 Ib/min

Designing for a circulation ratio of 3, which is typical for ammonia,

O Mgy =

Toc = 31itey = 0.511 kg/s (67.6 1b/min)

Thermosiphon receiver. If one-hzIf the receiver should be able to contain a
five-minute evaporation rate, the volume of the receiver, V;.. is

V... — 2(5 min)(60 sec/min)(0.1703 kg/s)

3 =0.174 m® (6.31 t°)
(ptiquia = 587.6 kg/m®)

a size which corresponds to Fig. 5.26.
Choosing a length L of 1.83 m (6 ft) in the equation for volume x(D*[4)L,

D=, /ﬂﬂ%:%)@ = 0.348 m (13.7 in)

Choose the next largest diameter which is 16 in (0.4064 m).
Line size from receiver to heat ezchanger. Applying Eq. 5.4 to the flow rate
of me,

D =0 47967 6 Th/min %7 - 9 2870 11 Le /93T _ 5 0gi

Choose a 2-1/2 in size.
Liguid/vapor line size between the heat exchanger and receiver. Using Eq.
5.6,

D =0.572(67.6 Ib/min)*" = 3.49(0.511 kg/s)°" =2.72in

Choose a 3-inch line.

' Vapor line from receiver to condenser. Entering Table 5.3 with the evapo-
ration rate of 0.1703 kg/s (22.52 Ib/min), we find that a 2-1/2-inch size would
almost be adequate, but choose a 3-inch line to minimze the pressure drop.

2-30



=
(=]
8
Q
3
2]

Screw
compressor

Liquid ﬁ'g) receiver

Discharge .

i Intermediate-pressure gas
S erE——
ubcooled, high-pressure liquid

ell-and-tu
heat exchange

FIGURE 5.27

Using the side port of a screw compressor to provide a two-stage benefit.
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Multiplying factors for the refrigerating capacity and the power requxrmnent in an ammonia
system when operating with an economized cycle.
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Comparative first costs of reciprocating and screw compressors.
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Halocarbons (ki [ £ #1514z
Azeotropes (H ﬁ[ﬂiﬁj&)

Zeotropes(ZRfWijix) e
Organic compounds (“EJ%&!" = f“ﬁ%fi
Inorganic compounds (= % | 'I:—‘I?U{—Tjﬁjk)




Alternative Refrigerants

Transitional/Service Medium and Long
Refrigerants Term Refrigerants

HCFC/HFC HFC Halogen
- partly chlorinated - - chlorine free - free

Single Single Single
Substances Blends Substances Blends Substances Blends

e.g. R22 predominantly e.g. R134a e.0.R404A e.g. NH; e.g. R290/
R123 R22-Based R125 R507A R290 R600a
R124 R32 R407-series R1270
R142b R143a R410A R600a

R417A R170

R744

General survey of the alternative refrigerants @




HCFC (R-22) HFC (R-134a)
(b) (©)

o The first digit on the right is the number of fluorine atoms

¢ The second digit from the right is one mote than the number of hydrogen
atoms

¢ The third digit from the right is one less than the number of carbon atoms
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TABLE 12.2
Numerical designation of some refrigerants.

Family Numern- | Chemical name Chemical
¢al desig- formula
hation
12 Dichlorodifluoromethane | CClzFa
Halocarbons |13 Chlorotriflucromethane | CCIF;

22 Chlorodifluorometbane | CHCIF;

23 Trifluoromethane CHF;

32 Difinoromethane CH,F;
FPentafiuoroethane CHF 5 CF
Tetrafluoroethane CH;FCF,
Azeotrope R-125/R-143a
Hydrocarbons ' ‘Ethane U % CyHg
JPmpa.m: K4 C1Ha

Bitane I 'jc&;"_, ' Ca4Hio
Inorganic Ammonia NH3
compotnds Carbon dioxide CO2
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FIGURE 12.2
An ideal zeotropic mixture of substances A and B.
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e Lowest solidification temperature
o Flammability
¢ Compatibility with food

o Corrosion tendency and inhibition possibilities

e Viscosity

¢ Specific heat

o Specific gravity or density
e Thermal conductivity
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Ethyl alcohol (}' i)

Methl alcohol ("4 [i)

Calcium chloride(z\ [™~55)
Sodium chloride (z =&
Ethylene glycol ("4%% ¢ [fiff)
Propylene glycol ([~ ¢ = i)
Halocarbones (ki |~ F"[#/J)
Polymers (& F‘,fﬁd)




TABLE 20.1 . ,

Lowest freering temperatures of some aquecus solutions and the concentration at
which these minlmum temperatures occur?. The practical operating temperature
will he somewhat higher thap these temperatures.

Solute Minimum freezing | Concentration of
temperature, | _solute, percent
°C {*F) by mass
Acetone -94.6 (—138) 100
Calcium chloride {CaCla) ~35 (—-67) 30
d-limonene -97 (-142) 100
Ethyl alcohol -112 (-170} 100
Ethylene glycol —48.3 (~55) 60
Methyl alcohol —97.8 (~144) - 100
Polydimethylsiloxane® —111 (—168) - 160
Propyiene glycol —~51.1 (—60)
- Sodium chleride (NaCl} —~20 (—4)

60
23
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FIGURE 20.1
Phase diagram of an aqueous secondary coolant.
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Refrigerant Piping
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General Design Considerations

1.

2.

Ensure an adequate supply of refrigerant to
all evaporators.

Ensure positive and continuous return of oil to
the compressor crankcase.

. Avoid excessive refrigerant pressure losses that

unnecessarily reduce the capacity and efficiency
of the system.

Prevent liquid refrigerant from entering the
compressor during either the running or off
cycles, or during compressor start-up.

. Avoid the trapping of oil in the evaporator or

suction line which may subsequently return to
the compressor in the form of a large “slug”
with possible damage to the compressor.



TABLE 19-1A MINIMUM TONNAGE FOR OIL ENTRAINMENT UP SUCTION RISERS
(TYPE L COPPER TUBING)

Pipe OD
4 § i i 14 1} 1§ 24 2 33 38 4
Sat. Area, sq. in.
suction
Refrigerant temp, F 0.146 0.233 0.348 0.484 0.825 1.256 1.78 3.094 4.77 6.812 9.213 11.97
—40 0.061 0.110 0.182 0.27 0.54 0.91 1.4 2.79 4.78 7.49 10.9 15.1
-20 077 138 228 34 .67 1.13 1.75 349 5.99 9.36 13.7 19.0
R-12* 0 .093 167 278 .42 .82 1.38 2.14 4.26 7.32 11.4 16.6 23.2
20 112 201 .332 .50 .97 1.65 2.55 5.1 8.73 13.6 19.9 27.6
40 132 238 .390 .59 1.15 1.94 3.0 6.0 10.3 16.1 234 32.6
-40 0.09 0.16 0.27 0.41 0.79 1.34 2.1 4.1 7.1 11.1 16.1 22.4
-20 a1 .20 33 .50 .96 1.60 2.5 5.0 8.7 13.5 19.6 27.4
R-22* 0 13 24 .39 .59 1.2 1.96 3.0 6.1 10.4 16.2 23.6 32.8
20 .16 .28 .46 .70 1.4 2.30 35 7.1 12.1 18.9 27.6 38.1
40 .18 .33 .54 .81 1.6 2.70 4.1 8.2 14.1 22.0 32.1 44.6
—40 0.068 0.12 0.20 0.31 0.60 1.0 1.6 31 5.4 8.4 12.2 16.9
—20 .086 16 .26 .39 .75 1.3 2.0 39 6.8 10.5 15.3 21.4
R-500* 0 110 19 31 47 .92 1.6 24 48 8.2 12.8 18.7 26.0
20 130 23 .37 .56 1.1 1.9 29 5.7 9.9 15.3 22.4 31.2
40 150 27 44 .67 1.3 2.2 34 6.8 11.6 18.2 26.6 36.8
-60 0.053 0.10 0.16 0.24 0.46 0.78 1.2 24 4.1 6.4 9.4 13.0
—40 .070 12 .20 .30 59 1.0 1.5 3.1 5.3 8.3 12.0 16.8
R-502 -20 .084 .15 25 .38 74 1.3 1.9 38 6.6 10.3 15.0 20.9
-502¢ 0 104 .19 31 47 91 1.5 2.4 4.7 8.1 12.7 18.4 25.7
20 120 22 .37 .56 1.1 1.8 29 5.7 9.8 15.2 22.2 30.8
40 .146 .26 43 .65 1.3 2.2 3.3 6.7 11.4 17.8 26.0 36.1
Minimum tonnage values are based on the indicated saturation temperatures (SST) with 15 F deg of superheat and 90 F liquid temperature.
* For R-12, R-22, and R-500, reduce or increase table values 1% for 10 F deg less or more superheat.
t For R-502, reduce or increase table values 2% for 10 F deg less or more superheat.
For liquid temperatures other than 90 F, multiply the table values by the corresponding factor listed in the following table:
Liquid temperature, F 50 60 70 80 90 100 110 120 130 140
Correction R-12, R-22, R-500 1.20 115 1.10 1.05 1.00 0.95 0.90 0.85 0.80 0.75
Factors R-502 1.26 1.20 1.13 1.07 1.00 0.94 0.88 0.82 0.76 0.70

Reproduced by permission of Carrier Corporation, © Copyright 1977, Carrier Corporation.



TABLE 19-1B  MINIMUM TONNAGE FOR OIL ENTRAINMENT UP HOT GAS RISERS
(TYPE L COPPER TUBING)

Pipe OD
4 § i i 1} 13 13 24 24 34 3 44
Sat. Area, sq. in.
discharge

Refrigerant temp, F 0.146 0.233 0.348 0.484 0.825 1.256 1.78 3.094 4.77 6.812 9.213 11.97

80 17 .31 .50 a7 1.51 2.54 3.93 7.84 135 21.0 30.7 42.6

90 17 .31 51 77 1.51 2.54 3.92 7.84 13.5 21.0 30.7 42.6

100 17 31 .51 77 1.51 2.54 3.92 7.84 135 21.0 30.7 42.6

R-12* 110 17 31 51 77 1.50 2.53 3.90 7.81 13.4 20.9 30.5 42.2

120 17 .30 50 75 1.47 2.49 3.84 7.66 13.2 20.6 30.0 41.6

130 17 .30 49 72 1.45 2.44 3.77 7.54 129 20.3 29.4 40.8

140 16 28 47 71 1.38 2.33 3.61 7.20 124 19.4 28.2 39.9

80 .23 42 .69 1.04 2.0 34 5.3 10.6 18.2 28.3 41.5 575

90 .23 42 .69 1.04 2.0 3.4 53 10.6 18.2 28.2 41.3 57.3

100 23 42 .69 1.03 2.0 3.4 53 10.5 18.0 28.1 41.0 56.7

R-22* 110 23 41 .67 1.02 2.0 3.4 5.2 104 17.9 27.9 40.8 56.5

120 22 .40 .66 1.00 2.0 33 5.1 10.2 175 27.4 39.9 55.4

130 22 .39 .64 98 1.9 3.2 5.0 10.0 17.2 26.8 39.0 54.0

140 21 .38 .63 .96 1.9 3.2 4.9 9.7 16.7 26.1 38.0 52.6

80 20 .36 .59 .89 1.73 2.92 4.51 9.0 15.5 24.2 35.4 49.0

90 .20 .35 .58 .88 1.73 2.86 4.49 8.9 15.4 24.0 35.0 48.5

100 .20 .35 .58 .88 1.73 2.86 4.47 8.8 15.3 23.8 34.9 48.2

R-500* 110 .20 .35 57 .87 1.70 2.86 4.45 8.7 15.2 23.7 34.7 48.0
120 19 34 .56 .86 1.66 2.82 4.44 8.7 15.0 23.3 34.1 473

130 19 .34 .56 .85 1.64 2.78 4.29 8.6 14.7 23.0 33.6 46.5

140 18 .33 54 .83 1.61 2.71 4.20 8.4 144 22.5 32.8 45.5

80 18 .32 53 .80 1.55 2.7 4.1 8.2 14.1 21.9 325 44.3

90 17 .31 51 7 1.49 2.52 3.92 7.8 13.4 20.9 30.5 42.3

100 .165 .30 50 74 1.44 2.45 3.8 7.55 13.0 20.2 29.5 409

R-502t 110 .160 29 48 72 141 2.38 3.71 7.35 12.7 19.7 28.7 39.8

120 154 .28 .46 .69 1.33 2.26 3.52 7.0 124 18.7 27.3 379

130 145 .26 .43 .65 1.27 2.14 3.34 6.62 11.4 17.8 25.9 359

140 135 24 .40 61 1.18 1.98 3.08 6.15 10.6 16.4 24.0 33.3

* Minimum tonnages are based on a saturaied suction temperature of +20 F with 15°F of superheat at the indicated saturated condensing temperatures with 15°F subcooling and actual discharge temperature
based on 70% compressor efficiency. For suction temperatures other than 20°F, multiply the table values by the following factors:

Sat. Suct. Temperature -40 -20 0 +20 +40
Correction Factor 0.85 0.90 0.95 1.0 1.06

+ Minimum tonnages are based on a saturated temperature of —20°F. All other conditions are the same as above. For suction temperatures other than —20°F, multiply the table values by the following factors:

Sat. Suct. Temperature -60 -40 =20 0 +20 +40
Correction Factor 0.87 0.94 1.0 1.08 1.15 1.21

Reproduced by permission of Carrier Corporation. © Copyright 1977, Carrier Corporation.



Example 19-1 Determine the minimum size suction
riser that will ensure oil return at minimum loading
for a 75-ton R-502 system that is equipped with a
reciprocating compressor having capacity steps of
25%, 50%, 75%, and 100% if the design saturated
suction temperature at minimum loading is —20°F
and the liquid refrigerant approaching the refriger-
ant flow control is 70°F.



Solution Since the minimum system capacity
will occur when the compressor is operating at the
lowest step of capacity, which is 25% of full load, the
minimum capacitys (75 tons X .25) 18.75 tons. For
R-502 at a saturated suction temperature of ~20F
Table 19-1A indicates a minimum capacity of 15 tons
for a 3 in. OD copper pipe. The correction factor
listed for 70°F liquid is 1.13, so that the corrected
minimum capacityfor the 3¥in. OD pipe s (15 tons X
1.13) 1695 tons. Since minimum pipe capacity 18
less than the system minimum load, this size suction
riser will ensure oil return during periods of mini

mum loading,



TABLE 19-2 REFRIGERANT LINE CAPACITIES FOR REFRIGERANT-12 (SINGLE- OR
HIGH-STAGE APPLICATIONS) (TONS OF REFRIGERATION RESULTING IN A LINE
FRICTION DROP PER 100 FT EQUIVALENT PIPE LENGTH CORRESPONDING TO 2°F
(AT) CHANGE IN SATURATION TEMPERATURE)

Suction lines* Li‘quid .
Discharge lines* lines Receiver*
Line size Suction temp F AP = 3.66 line size Condenser to system
type L type L to receiver AT=1F
copper —40 -20 0 20 40 Sat. Suct. Temp F copper velocity = AP=138
oD AP = 0.49 AP = 0.72 AP = 1.01 AP=138 | AP=1.82 —40 0 40 oD 100 fpm psi
] 0.21 0.31 0.46 0.54 0.67 i 1.16 2.03
8 0.17 0.26 0.40 0.58 0.85 0.98 1.23 H 2.65 3.81
i 0.25 0.42 0.68 1.04 1.50 2.23 2.58 3.22 % 6.94 10.10
15 0.51 0.87 1.39 2.10 3.10 4.60 5.30 6.65 14 11.85 20.5
13 0.87 1.52 2.40 3.70 5.36 7.8 9.0 11.3 13 18.10 35.1
13 1.41 2.44 3.86 5.82 8.50 12.4 14.4 18.0 1% 25.5 57.5
24 2.94 5.03 8.00 12.1 17.6 25.8 30.0 37.4 24 44.4 117.8
28 5.20 8.94 14.2 21.3 31.4 45.5 52.5 66.0 28 68.4 207.8
34 8.35 14.3 22.7 34.0 49.5 73.0 85.0 106.0 34 97.5 344.0
3% 12.4 21.2 33.8 50.6 73.5 107.0 124.0 155.0 38 132.0 508.0
44 17.4 29.9 47.7 71.0 103.0 152.0 176.0 220.0 4} 173.0 704.0
54 31.7 54.0 85.3 128.0 187.0 270.0 314.0 392.0
64 50.8 86.0 137.0 206.0 299.0 428.0 494.0 620.0




Steel Steel
IPS SCH IPS SCH
) 40 0.30 0.45 0.64 0.92 1.07 1.4 ) 80 3.43 3.23
3 40 0.24 041 0.64 0.96 1.39 1.96 2.26 2.83 3 80 6.25 7.27
1 40 0.46 0.78 1.22 1.82 2.68 3.75 4.35 5.42 1 80 10.4 14.3
i} 40 0.97 1.60 2.52 3.78 5.41 7.8 9.0 11.3 1} 80 18.6 30.1
1 40 1.50 2.41 3.76 5.62 8.12 11.4 13.2 16.5 13 80 25.5 47.3
2 40 2.81 4.69 7.40 10.9 15.7 21.6 25.1 314 2 40 48.0 111.9
21 40 4.44 7.42 11.6 17.3 24.7 34.7 40.2 50.2 2 40 68.3 173.0
3 40 8.04 13.2 20.6 30.6 43.8 61.0 70.8 88.4 3 40 104.0 311.8
4 40 16.03 27.0 428 62.9 90.2 125.0 146.0 182.0 4 40 179.0 634.0
5 40 30.0 49.1 78.7 114.0 165.0 228.0 264.0 330.0
6 40 48.2 78.6 124.0 182.0 268.0 365.0 421.0 528.0
8 48 98.4 161.0 254.0 376.0 541.0 745.0 865.0 1080.0
10 40 180.0 297.0 458.0 678.0 972.0 1350.0 1570.0 1960.0
12 ID 286.0 475.0 729.0 1080.0 1520.0 2130.0 2460.0 3090.0
NOTES:

* (1) Basis of table: 100°F condensing temperature, 2 F AT per 100 ft equivalent length (except liquid lines).
(2) For other AT's and equivalent lengths (L),

Actual AT loss dc:sircd)”'55

Line capacity (tons) = Table tons ( Table AT loss

(3) For other tons and equivalent lengths in a given pipe size,

’ L Actual lons)I ’
= X700/ ™ \ Table tons
AT=Table AT (100) (Table tons

(4) Values based on 100°F condensing temperature. For capacities at other condensing temperatures, multiply table value by line capacity multiplier below:

Line Condensing temperature, F
80 90 100 105 110 120
Suction Lines 1.11 1.06 1.00 0.97 0.94 0.88
Discharge Lines 0.88 0.94 1.00 1.04 1.07 1.16

(5) Tabulated data taken from Chapter 9 of the ASRE Data Book, Design Volume, 1957-58 Edition. Initially developed from ARI preliminary data.
(6) Pressure drop equivalent of saturation temperature loss

Actual AP = Table AP X (A([U—AIAI)

Table AT

From ASRE Data Book, Design Volume, 1957-58 Edition, by permission of the American Society of Heating, Refrigerating and Air Conditioning Engineers.



TABLE 19-3 REFRIGERANT LINE CAPACITIES FOR REFRIGERANT-22 (SINGLE- OR
HIGH-STAGE APPLICATIONS) (TONS OF REFRIGERATION RESULTING IN A LINE
FRICTION DROP PER 100 FT EQUIVALENT PIPE LENGTH CORRESPONDING TO 2°F
{AT) CHANGE IN SATURATION TEMPERATURE)

Suction lines*

Discharge lines*

Liquid lines

Line size Suction [emp‘ F AP = 6.1 Line size Condenser to
type L type L reciever Receiver
copper -40 -20 0 20 40 Sat. Suct. Temp copper velocity to system
OD AP=0.79 AP =115 AP =16 AP =222 AP =293 -40 0 40 oD = 100 fpm AT=1F
] 0.40 0.59 1.0 1.1 1.2 3 2.24 3.5
§ 0.32 0.49 0.75 1.10 2.1 2.3 2.5 8 3.57 6.4
§ 0.35 0.87 1.31 2.00 1.89 4.9 5.4 5.2 3 7.41 17.0
13 1.08 1.74 2.65 4.03 5.82 9.8 10.7 11.8 15 12.7 34.4
13 1.88 3.01 4.61 7.03 9.98 17.0 18.6 20.5 13 19.2 60.0
1% 2.90 4.78 7.23 10.26 15.95 26.4 29.0 31.9 13 27.2 95.0
24 6.21 9.97 15.2 23.2 33.2 55.0 60.3 66.3 2% 47.3 200.0
28 10.8 17.5 26.5 40.3 58.1 96.0 105.0 115.6 28 73.2 354.0
3 17.3 271 43.3 64.5 23.1 155.0 170.0 187.3 3 104.1 572.0
33 25.9 41.9 63.9 96.8 139.5 233.0 255.0 281.0 33 141.1 860.0
4 36.9 59.2 89.7 136.0 196.0 327.0 358.0 394.0 4 183.0 1200.0
5% 66.1 106.7 162.0 245.0 355.0 588.0 644.0 709.0
Steel Steel
IPS SCH IPS SCH
i 40 0.38 0.56 0.84 1.20 2.0 2.2 2.4 3 80 4.66 5.5
H 40 0.49 0.78 1.18 1.77 2.52 4.1 4.5 5.0 i 80 6.17 122
1 40 0.94 1.49 2.24 3.24 4.72 7.8 8.5 9.4 1 80 13.2 24.4
11 40 1.95 3.01 4.67 6.83 9.73 16.1 17.6 194 14 80 22.9 51.5
13 40 2.89 4.63 7.04 10.4 14.7 24.1 26.5 29.1 13 80 37.1 78.0
2 40 5.60 8.90 13.0 19.9 28.2 46.6 51.0 562 | 2 40 51.5 185.0
2} 40 8.90 14.2 21.5 31.9 45.9 74.7 82.0 90.0 | 2% 40 73.3 297.0
3 40 15.9 25.2 38.0 56.5 80.1 132.0 144.0 159.0 3 40 113.0 510.0
34 40 23.1 36.1 55.1 81.0 116.0 189.0 207.0 228.0 34 40 151.5 704.0




4 40 321 50.8 76.7 112.7 159.5 260.0 285.0 314.0 4 40 195.0
5 40 57.8 91.0 138.6 204.0 292.0 477.0 520.0 575.0
6 40 94.1 148.6 224.0 329.0 472.0 775.0 850.0 937.0
8 40 199.0 316.0 474.0 704.0 996.0 1650.0 1810.0 1992.0
10 40 294.2 550.0 840.0 1226.0 1760.0 2880.0 3150.0 3470.0
12 1D 555.0 877.0 1340.0 1935.0 2795.0 4640.0 5080.0 5590.0

1060.0

From ASRE Data Book, Design Volume, 1957-58 Edition, by permission of the American Society of Heating, Refrigerating and Air Conditioning Engineers.

NOTES:
* (1) Basis of table 105°F Condensing Temperature, 2 F AT per 100 ft equivalent length (except liquid lines).
(2) For other AT’s and equivalent lengths (L),

Actual AT desired)Uja

. o - %
Line capacity (tons) Table tons ( Table AT loss

(3) For other tons and equivalent lengths in a given pipe size,

L Actual tons \"*
AT=Table AT (]OO) (Table tons>

(4) Pressure drop equivalent of saturation temperature loss

Table AT

(5) Tabulated data taken from Chapter 9 of the ASRE DATA Book, Design Volume, 1957-58 Edition. Initally developed from ARI preliminary data.
(6) For other condensing temperatures, multiply table tons by the following factors:

Actual AP = Table AP X (A_L“‘_a_l.ﬂ)

Condensing
temp F Suction lines Hot gas lines
80 1.13 0.77
90 1.08 0.86
100 1.03 0.95
110 0.97 1.04
120 091 1.13




TABLE 19-4 REFRIGERANT LINE CAPACITIES FOR REFRIGERANT-502 (SINGLE- OR
HIGH-STAGE APPLICATIONS) (TONS OF REFRIGERATION RESULTING IN A LINE
FRICTION DROP (AP in PSI) PER 100 FT EQUIVALENT PIPE LENGTH AS SHOWN, WITH
CORRESPONDING (AT) CHANGE IN SATURATION TEMPERATURE)

Suction lines AT’ = 2 F Discharge AT =10F Liquid lines’
lines AP = 315
Line size Suction temp, F Line size
type L Saturated suction temp type L Velocity
copper, —-60 —40 —20 0 20 40 copper = 100 AT=1F
oD AP = 0.31 AP = 0.94 AP = 1.33 AP = 1383 AP = 2.43 AP = 314 —~40 0 40 oD fpm AP = 3.15
) 0.10 0.11 0.15 0.22 0.34 0.49 0.61 0.62 0.78 3 1.61 2.40
H 0.11 0.15 0.26 0.42 0.63 0.91 1.14 1.27 1.45 2 2.58 4.52
i 0.23 0.41 0.68 1.09 1.64 2.39 2.98 3.34 3.80 1 5.35 12.01
13 0.46 0.82 1.38 2.20 3.33 4.83 6.02 6.74 7.66 13 9.13 24.43
13 0.80 1.44 2.42 3.84 5.80 8.41 10.49 11.74 13.34 13 13.90 42.71
13 1.27 2.28 3.83 6.07 9.16 13.29 16.51 18.49 21.01 18 19.68 67.69
24 2.65 4.76 7.97 12.63 18.98 27.45 34.03 38.14 43.36 2 34.23 140.87
28 4.71 8.44 14.12 22.29 33.50 48.38 59.93 67.18 76.35 28 52.79 249.43
3% 7.56 13.54 22.58 35.56 53.38 77.02 95.34 | 107.2 121.5 3% 75.35 398.62
3% 11.30 20.15 33.58 52.83 79.25 114.56 141.4 158.6 180.1 38 101.9 593.10
41 15.98 28.47 47.39 74.49 111.78 160.90 199.0 223.1 253.5 43 132.5 837.24
5} 28.71 51.07 84.85 133.32 199.37 286.92 354.3 397.2 451.2 — — —
63 46.35 82.31 136.77 214.07 319.89 459.97 567.6 636.5 723.1 —_ — —

From ASHRAE Data Book, Fundamentals Volume, 1972 Edition, by permission of the American Society of Heating, Refrigerating, and Air-Conditioning Engineers.

NOTES:

(1) For other AT’s and equivalent lengths, .,

(2) For other tons and equivalent lengths in a given pipe size

Line capacity (tons) = Table tons X (

AT = Table AT X (

)<

L.

100

Table AT loss

Actual tons
Table tons

.

100) ( Actual AT loss desired>"5~"

(3) Values are based on 105°F condensing temperature. For other condensing temperatures, multiply table tons by the following factors:

Condensing
temp F Suction lines Hot gas lines

80 1.20 .83

90 112 91

100 1.04 97

110 .96 1.02
120 .88 1.08
130 .80 1.16

//



TABLE 19-5 REFRIGERANT LINE CAPACITIES FOR REFRIGERANT-717
(AMMONIANSINGLE- OR HIGH-STAGE APPLICATIONS) (TONS OF REFRIGERATION
RESULTING IN A LINE FRICTION DROP PER 100 FT EQUIVALENT PIPE LENGTH
CORRESPONDING TO 1°F (AT) CHANGE IN SATURATION TEMPERATURE)

Suction lines* Liquid lines
Suction temperature F Condenser to Receiver
Discharge receiver to
Line size —40 -20 0 20 40 lines Line size velocity = system
IPS SCH AP = 0.32 AP = 052 AP =0.78 AP =108 AP =148 AP=33 IPS SCH 100 fpm AP=33
i 80
i 80 3.63 3 80 135 29.7
i 80 2.58 3.75 7.98 H 80 24.9 66.7
1 80 2.11 3.46 5.14 7.50 159 1 80 415 130.0
11 40 3.24 5.57 8.90 13.4 19.4 41.2 1} 40 86.2 281.0
14 40 4.83 8.75 13.70 20.2 29.4 57.5 1 40 117.2 439.0
2 40 9.34 16.4 26.2 39.4 57.3 118.9 2 40 193.5 1004.0
24 40 15.0 26.0 42.2 62.5 91.2 187.2 24 40 276.0 1599.0
3 40 26.9 46.0 73.9 111.0 162.0 338.2 3 40 425.0 2341.0
4 40 56.1 94.5 151.0 226.0 327.0 676.0 4 40 736.0 5750.0
5 40 102.0 172.0 272.0 408.0 592.0 1228.0 5 40
6 40 160.0 280.0 445.0 662.0 958.0 1986.0 6 40
8 40 338.0 570.0 908.0 1355.0 1960.0 4120.0 8 40
10 40 605.0 1030.0 1640.0 2430.0 3555.0 10 40
12 ID 975.0 1660.0 2640.0 3940.0 5680.0 12 ID
NOTES:

(1) Basis of table: 100°F condensing temperature, 1 F AT per 100 ft equivalent length. Discharge and liquid lines based on 0°F suction.

(2) For other AT's and equivalent lengths,

100 X Actual AT loss desired, [:)055

i ; . oo %
Line capacity (tons) = Table tons ( Actual equiv. length, ft

(3) For other tons and equivalent lengths,

Actual equiv. length, f() (Actual lons)' *

T for a gi S
AT for agiven pipe size ( 100 Table 1ons

(4) Values based on 100°F condensing temperature. For capacities at other condensing temperatures, multiply table value by line capacity multiplier:

Condensing temperature F

Line 70 80 90 100
Suction lines 1.0 1.0 1.0 1.0
Discharge lines | 0.70 0.80 0.90 1.0

(5) Pressure drop equivalent to saturation temperature loss
Acwal AT
Table AT

(6) Tabulated data taken from Chapter 9 of the ASRE Data Book, Design volume, 1957-58 Edition. Reprinted by permission of ASHRAE. Initially developed from ARI preliminary data.
From ASRE Data Book, Design Volume, 1957-58 Edition, by permission of the American Society of Heating, Refrigerating and Air Conditioning Engineers.

Actual AP = Table AP X (

oA
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TABLE 19-6 R-134a REFRIGERANT LINE SIZING SELECTIONS FOR TYPE L COPPER
TUBING (DIMENSIONS IN OD; DATA BASED ON 120° CONDENSING)

Table 1. R-134a Refrigerant Line Sizing Selections for Type L Copper Tubing
(Dimensions in OD; data based on 120° condensing)
Suction Line Sizes to Limit Discharge Line Liquid Line
Pressure Drop to 2° Equivalent Sizes for Sizes for
L ] L]
Z40° Evap. | 0° Evap. I 40° Evap. 1¢ Equivelent 1° Equivatent
Ec""”"‘“'“ Equivalent Piping Length (ft) Equivalent Piping Length (ft)

(tons) 28 50 100 25 50 100 25 50 100 25 50 100 25 50 100
14 4| 78| t-u8] 12| 58| Ja) 8| 12| | 8| 8| 8| 8| 38| I8
12 1-1/8| v-1/8| 1-38| s8| 4| 78| 12| s@| S8| 38| w2 2] 38| 38| 3M

i 4 t-1/8| 1-38| 1.508] 4| 78| 1-1/8] s8] s8] 4] 12| 12| 58] 8| I8 I8
1 18| 1-38| 1-5/8| 78| 1118} 1-1/8| 58| 4| 4| 12| 58| 58| 8| 8| 38
1-1/2 1-3/8] 1-58| 2-1/8| 1-1/8] 1-1/8| 1-3/8| 4| 78] 78| s8] 50| 34| 38} 3B| 12
2 1-5/8| 2-1/8| 2-1/8]| 1-1/8] 1-3/8| 1-58] 4| 78 1-1/8]| s8] 4f 78] 8| 38| 12

3 21/8| 28| 2-.5/8| 18| 138 1-5/8] 7/8] 1-1/8] 1-1/8]| 4| 78| 78| 12| 1/2] 58

5 2-1/8| 2-5/8| 3-1/8| 1-5/8} 1-5/8| 2-1/8| 1-1/8| 1-3/8| 1-3/8 78| 1-1/8| 1-1/8 172 518 Y4
7-112 25/8{ 3-18| 3.58}) 1-5/8] 2-1/8| 2-5/8| 1-3/8| 1-¥8| 1-5/8] 1-1/8| 1-1/8| 1-3/8] 58| 34| N4
10 31/8| 3-1/8| 3-5/8| 2-1/8| 2-1/8| 2-5/8| 1-3/8| 1-5/8| 2-1/8] 1-1/8| 1-3/8| 1-3/8 5/8 k) 7m
15 35/8| 3-5/8| 5-1/8) 2.1/8} 2-6/8} 3-1/8]| 1-5/8] 2-1/8| 2-1/8] 1-/8| 1-3a/8| 1-5/8] 34| 7/8| 1-1/8
20 358 41/8| 5-1/8] 2.5/8| 3-1/8| 3-1/8] 2-1/8| 2-1/8| 2-5/8] 1-J/8 | 1-5/8| 2-1/8 7/8( 1-1/8] 1-1/8
25 41/8| 518 5-1/8| 2.5/8| 3-1/8| 3-5/8| 2-1/8| 2-1/8] 2-6/8| 1-5/8| 2-1/8| 2-1/8) 7/8| 1-1/8] 1-1/8
30 41/8| 518 6-1/8| 3-1/8| 3-1/8)| 3-5/8]| 2-1/8| 2-6/8| 2-5/8| 1-5/8| 2-1/8] 2-1/8} 1-1/8| 1-1/8| 138
40 51/8| 6-1/8| 6-1/8| 3-1/8| 3-5/8| 4-1/8] 2-5/8]| 2-5/8| 3-1/8| 2-1/8| 2-5/8| 2-5/8} 1-1/8| 1-3/8| 1-3/8

Reprinted by permission from ASHRAE Journal, April 1990.

CHART 19-1 R-134a VAPOR PRESSURE DROP IN COPPER TUBING. REPRINTED BY
>ERMISSION FROM ASHRAE JOURNAL, APRIL 1990.
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CHART 19-2 R-134a VAPOR VELOCITIES IN COPPER TUBING. REPRINTED BY
PERMISSION FROM ASHRAE JOURNAL, APRIL 1990.
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CHART 19-3 VELOCITY AND PRESSURE DROP FOR R-134a BASIS 90°F LIQUID IN
COPPER TUBING. REPRINTED BY PERMISSION FROM ASHRAE JOURNAL, APRIL 1990.
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CHART 19-4 MASS FLOW PER TON OF REFRIGERATION FOR R-134a. REPRINTED
BY PERMISSION FROM ASHRAE JOURNAL, APRIL 1990.
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TABLE 19-7 REFRIGERANT LINE CAPACITIES FOR INTERMEDIATE- OR LOW-STAGE

DUTY (TONS) FOR R-12, R-22, AND AMMONIA
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Priction Drop*

Bquivalent of

Refrigerant end AT

at 12

Refri

2 F AT Per 100 ft
Equiv. Length

Refrigerant 22

2 F AT Per 100 ft
Equiv. Length

rant 717
(Ammonia)
Equiv. Length

1t F AT Per 100 ft

Refri

NOTES:

® (1) Values in this table are tons of refrigeration resulling in a lina friction drop per 100 fi of equivalent pipe length corresponding to the (AT}

change in saturation lemp indicated im the left hand column under the refrigerant designaiion. .
(2) Values based on O F saturated discharge temp. For capacities ol dlher saturaied discharge temp, multiply ladle valus by proper line capac-

Line Capacity Multipliers

Ammonia
Dsscharge

Refrigerant 22
Suction  Discharge

w ba)
RIS8R]NR

Refrigerant 12
Suction  Discharge

Sat. Dis-

charge
Temp, F

sty multiplier:

(3) For other AT's and Equivalent Lengths,

Aciual AT Loss Desiced, F )“'
Table AT Loss, F
1.8
x( )

X

100
Equév. Length, ft

Un&”&ﬂhm-h&ﬂmx(A“u

(€) For other Tons and Equivalens Langths in a given pipe sise,

Actual Tons
Table Tons

Equis. Longth, ft
100

Aciual
AT(F)=Table ATX

(5) Values obained from Carrier Corp. data.

* From ASRE Data Book, Design Volume, 1957-58 Edition, by permission of the American Society of

Heating, Refrigerating, and Air-Conditioning Engineers.
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Example 19-2 A 5-ton system employing R-134a is

operating with an evaporating temperature of 20°F

and a condensing temperature of 100°F. If the equiv-

alent length of the suction pipe is 125 feet, determine

(a) the size of the suction pipe using the smallest
size of type L copper tube wherein the pressure
loss in the pipe will not result in more than a
2°F drop in saturation temperature,

(b) the velocity of the suction vapor in feet per
minute.

77
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Solution. From Table 16, for a 5-ton system
and a 10(-foot length of pipe, the suggested pipe size
is 2 in. OD ata 0'F evaporating temperature and 1§
in. OD at a 40°F evaporating temperature. Since 2
20'F evaporating temperature will fall midway be-
tween these two temperatures, try using a pipe size
of 1t in. OD, which is a pipe size midway between
the two pipe sizes. '

From Chart 194, using a 20°F evaporating tem-
perature and a 100°F condensing temperature, note
that the refrigerant mass flow rate will be 3.3 lb/
min,/ ton, so that a j-on system wall require 16,3 1b/
min (5 X 33). Entering Chart 19-1 with the mass




L/

flow rate of 16,5 Ib/min, move vertically up to the
selected pipe size of 1§ in. OD, then horizontally
across to the evaporating temperature of 20°F, then
vertically up again to the top of the chart, and read
the pressure loss as 0.9 psi per 100 feet of pipe. The
total pressure loss in the suction pipe will be 1.13 psi
(0.9 X 1.25).

On examining the pressure-temperature rela-
tionship of R-134a in Table 16-) it will be found that
in the 20°F temperature range the pressure change
per degree of temperature change is approximately
0.7 psi, so that for a 2°F drop in saturation tempera-
ture the pressure loss would be approximately 1.4
psi. Since the pressure loss in the selected pipe size
is only 1.13 psi, the size selected meets the stated
requirements.

Entering the bottom of Chart 19-2 with the mass
flow rate of 16,5 Ib/min, move vertically up to the
selected pipe size of 1 in. OD, then horizontally

across to the evaporator temperature of 20°F, then
vertically up again to the top of the chart, and read
the vapor velocity as 1850 fpm.



Example 19-3 A 40-ton, R-12 system has an evapora-
tor temperature of 20°F and a condensing tempera-
ture of 110°F. If a suction pipe 30 ft long containing
three standard elbows is required, determine the fol-
lowing:

(a) the size of type L copper tubing required,

(b) the overall pressure drop in the suction line in

pounds per square inch.

20



Suction line saturation temperature loss in °F,

18
Table AT X ( L ) (Actual tons)

100 Table tons
, 54 40 \"
0 X —
-1 (1)« (o]
=PFX054X15
= 1.62°F

Pressure drop equivalent of saturation temperature
loss,

Actual AT)

Table AP X (Table AT

1. 62°F)

= X
1.38 psi ( F

= 1.1 psi



Solution

(a) From Table 19-2, 3 in. OD copper tubing has a
capacity of 34 tons based on a condensing tem-
perature of 100°F and a suction line pressure
loss equivalent to 2°F per 100 ft of pipe. Since
the pressure loss is proportional to the length of
pipe and since the length of pipe is relatively
short in this instance, this pipe size may be suffi-
cient, and a trial calculation should be made.
From Table 15-1, 33 in. OD (3 in. nominal) stan-

dard elbows have an equivalent length of 8 ft.
Actual equivalent length of suction piping:

Straight pipe

length =30
ellsat 8ft =241t
Total equivalent

length = 54 ft

(b) Correction factor from Table 19-2 to correct ton-
nage for 110°F condensing temperature is 0.94.

Corrected tonnage = 34 X 0.94
= 31.96.tons

z’l



Example 194 An R-12 system with a condensing tem-

perature of 100°F has a capacity of 35 tons. The

equivalent length of the liquid line including fittings

and accessories is 60 ft. If the line contains a 20-ft

riser, determine the following:

(a) the size of the liquid line required,

(b) the overall pressure drop in the line,

(c) the amount of subcooling (°F) required to pre-
vent flashing of the liquid.

23
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Solution
(a) From Table 19-2, 13 in. OD copper tubing has a
capacity of 35.1 tons based on a 1.8 psi pressure
drop per 100 equivalent feet of pipe.
(b) For 60 ft equivalent
length, the friction loss
in the pipe = 1.8 psi X 0.6
= 1.00 psi
From Table 16-3, the
density of 100°F liquid =78.8Ib/ft’

Pressure loss per foot

of lift =78.8/144 = 0.55

Static pressure loss = (0.55 psi/ft) (20 ft)
= 11.0 psi

Overall pressure loss in

liquid line = 1psi + 11 psi
=12.0 psi

(c) Assuming the condensing temperature to be
100°F, the pressure at the condenser is 131.6
psia. The pressure at the refrigerant control is
119.6 psia, which corresponds to a saturation
temperature of approximately 93°F. The

amount of subcooling required is approximately
7°F (100° — 93°).
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Fig. 19-2 [llustrating method of reducing the size of a
vertical suction riser. (Courtesy of York Corporation.)
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Fig. 194 Evaporator located above compressor.
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Fig. 19-6 Multiple evaporators, individual suction lines
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Fig. 19-7 Multiple evaporators, common suction line.

e ——— e

Fig. 198 Evaporators at different levels connected to a
common suction riser.
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Fig. 19-9 Evaporators at different levels connected to a
double suction riser.
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Fig. 19-10 Suction piping for compressors connected in
parallel.
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Fig. 19-11 Suction piping for compressors connected in
parallel.
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Fig. 19-13 Piping of discharge riser.
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Fig. 19-14 Discharge piping of multiple compressors con-
nected in parallel.
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Subcooled liquid —>

-«— Suction to compressor

Water-
cooled
condenser

Direct expansion
subcooler

Fig. 19-16 Subcooling liquid refrigerant with direct
expansion subcooler.

g Purge vaive

High pressure liquid
to expansion valve

This line sized so that at full
load, the velocity does not
exceed 100 ft/min. slope
horizontal line toward receiver
%" per ft. or more.

Fig. 19-18 Top inlet through-type receiver hookup. (Courtesy of York Corporation.)
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—

connection
N [
I
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(a)

Equalizer + Outlet
connection
0 [

Inlet
(b)
Equalizer
connection
Inlet and
by outlet
(c)

Fig. 19-17 (a) Top inlet through-flow receiver. (4) Bot-
tom inlet through-flow receiver. (c) Surge-type receiver.
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Equalizer

Highest expected
operating liquid level

Surge type

receiver  Maximum Velocity of Type Valve between  h, Required
Drain line, Ibs/min  Condenser and Receiver inches
/r’ 150 None 14
. H.P. liquid 150 Angle 16
NGB o e valve 150 Globe 28
100 None, Angle, or Globe 14
Size this line so the Size drain line to receiver for maximum velocity of 150 ft/min.
velocity at max. load If a vaive is located in this line, the trapping height limitation may
does not exceed 150°/min. require a larger size line to minimize the pressure drop.

Fig. 19-19 Surge-type receiver hookup. (Courtesy of York Corporation.)
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Gas inlet

Size for 100°/min

——!. " velocity at max
8" min 8" min ) flow through
X~ F L each condenser

\ Slope header towards
receiver ” per ft or more.
Size entire header for
100°/min velocity at the
total design fliow rate.

Fig. 19-20 Parallel shell-and-tube condensers with top in-
let receiver. (Courtesy of York Corporation.)

Gas inlet

%, s Equalizer

Detail “A"

Gas inlet

\See detail “A” \See detail “A"
Condenser Condenser <~ Equalizer
Relief valve
Size for 150
ft/min velocity
at maximum

flow through Liquid
each condenser pressure | level
receiver

D
Valve elevations should To evaporator

be below liquid level
in the receiver

_Fig‘ 19-21 Parallel shell-and-tube condensers with bottomn
inlet receiver. {Courtesy of York Corporation.)

Discharge from compressor * To

" $—< $—< condenser

Water
(l connections
Trap /
Oil sight glass

Oil return to

— compressor
crankcase

X<~Manual drain vaive
High pressure float

Fig. 19-23 Application of chiller-type oil separator. (Courtesy of York Corporation.)



Liquid-suction
interchanger
o

Suction
¢
(
A
Hanq 10
Solenoid [—expansion CONDENSER
liquid valve valve
COMMON
Strainer Fan OISCHARGE HEADER
Thermal
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valve
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Fig. 19-24 Forced circulation air cooler with direct-
expansion feed of flooded-type coil. (Courtesy of Carrier Fig. 19-25 A multicom

Corporation.) lan Valve Company.)

pressor system employing oil level controls. (Courtesy of Spor-
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Fig. 19-26 Typical liquid indicators or sight glasses. No-
tice moisture indicator incorporated in single-port sight
glass. The color of the moisture indicator denotes the rela-
tive moisture content of the system. (a) Double-port sight
glass. (b) Single-port sight glass. (Courtesy of Mueller
Brass Company.)
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Fig. 19-27 Straight-through, nonrefillable drier. (Cour-
tesy of Mueller Brass Company.)

Fig. 19-28 Side outlet drier installed in bypass line.



Fig. 19-30 Fusible plugs. (Courtesy of Mueller Brass Company.)
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Valve body

. Seat disc

. Disc holder

. Gasket

. Spring retainer

. Spring

. Outlet connection

. Lead seal and locking wire

(prevents alteration of factory
setting)

Fig. 19-29 Typical relief valve. (Courtesy of Mueller Brass Company.)
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(a)

Fig. 19-33 Packed-type manual valve. (Courtesy of Vilter

N

:
1 N
Manufacturing Company.) N

(c)

Fig. 19-32 Compressor service valve. (a) Back-seated.
(b) Intermediate position. (¢) Frontseated.

Fig. 19-31 Receiver tank valves. (a) Angle type with pressure relief outlet (non-

back-seating type). (b) Angle type with dip tube (nonback-seating type). (Courtesy of
Mueller Brass Company.)
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B Types of condenser:

The three main types of condensers used in
general refrigeration systems are:

air-cooled, water-cooled, evaporative

e air-cooled \
Ambient air i

(2)



i Refrigerant

(o—

(c)

C) evaporative

vapor
Cooling
water j |
L ]
( ]
L J
+— — ]
~_1 )
| I Refrigerant
b) water-cooled ® liquid
( -4— Refrigerant vapor
C p—Refrigerant liquid
7§
Ambient
air “/‘
‘ e ‘(5 :36—4— Makeup water



B The condensing process:
a cold vertical surface

PRKIRTL
he = 0.943 (” bt ) 1.1)
'UA t Cold plate
where h, = mean condensing coefficient, W/m?¢C (Btufhrit? °F) L) f/
¢ = acceleration due to gravity = 9.81 m/s? (4.17x10% ft/he?) :\
o = density of condensate, kg/m® (Ih/ft%) g Vapor
hy, = latent heat of vaporization of the refrigerant, kI/kg (Btu/lb) 2 !
k= conductivity of condensate, W/m-*C (Btu/hr ft-'F) '
4 = viscosity of condensate, Pas (Ib/ft-hr) | [} }— Condensate
At = temperature difference, vapor to the plate, °C (°F) + Y
L = vertical length of plate, m (ft) |



B The condensing process: a horizontal shell-
and tube condenser

Average N tubes of diameter D in a vertical row:

2 3 1/4
— gpr 'h,l‘gk
he = 0.64 ( UAIND ) (72)

TABLE 7.1 ‘
Condensing coeflicients on the outside of tubes for several refrigerants. The con-

densing temperature is 30°C (86°F) and there are gix 25-mm (1l-in} tubes in a
vertical row.

Condensing coefficient
Refrigerant | W/m?-*C | Btu/hrft*-°F
R22 | 1142 | 200
R-134a 1046 184
Ammenia 5096 897




B Condensation inside tubes

Condensing coefficient

Entrance Exit
Distance along tube

FIGURE 7.3
Variation in the condensing heat-iransfer cocflicient inside a tube.



B Heat rejection ratio

HRE — rate of heat rejection at condenser

rate of heat absorbed at evaporator

HRE — refrigerating capacity + compressor power

refrigerating capacity (7.3)
1) Carnot cycle:
HRR —_— ch::“-f (?'4)
refrig

2) Improved expression:

1.7
HRR = ( Leong ) (7.5)

r’dfr‘i_g




B Heat rejection ratio of open type
COMpressors:

Condensing temperature, °F
70 80 90 100 110 120
1.4 T 1 [ e T 1
Evaporating tciupcrann‘c /
°‘€\
a0
1.3 A0 P
8 ) /
2 o Bk
g 9.5
.g 1.2 Q"Y ]
g / v C 2
<% 10
B
1.1
M 30 40 50
Condensing temperature, C
FIGURE 7.4

Typical values of the ratio of the heat rejected at the condenser to the refrigeraling capacity,
HRR, for ammonia and halocarbon refrigcrants.



B Performance of air and water-
cooled condensers

o . |
ta"ti

— (7.6)
_ln (-E—L) ]

tc_tﬂ

¢c=UA

where ¢ = rafe of heat transfer, kW (Btu/hr)
UA = product of overall heat-transfer coefficient and
area to which it applies, kW/°C (Btu/hr per °F)
i = temperature of condensing refrigerant, °C (°F)
t; = temperature of entering cooling water, °C (°F)
t, = temperature of leaving cooling water, °C (°F)
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B A cooling tower

e\
Ar Ly

I\A'if.
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Makeup waler

Refrigerant

Warm water T
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| Condenser

Blowdown

)

Cool water O_-
U

Wet-bulb

Water

1
tcmpcraturc\‘, Air path > o

and enthalpy lines

Dry-bulb temperature

Dry-buib temperature

Moisture content

Moisture content
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Ambient wet-bulb temperature, °F
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Ambient wet-bulb temperature, "C
FIGURE 7.10

Water out \

Air out at
top of tower

Air in at

Leaving water temperature from a cooling tower as the ambient wet-bulb temperature changes.

The heat load and water-flow rate are constant,

12

bottom of tower

Moisture content



B Characteristics of condensers

Air-cooled condenser. Usually lowest first cost of the three, and least main-
tenace cost as well, because no water circulates or evaporates.

Water-cooled condenser with cooling tower. Lower condensing tempera-
ture than with an air-cooled c¢ondenser, because the wet-bulb rather than
the dry-bulb temperature of the air is the sink toward which the condens-
ing temperature drives. When the distance between the compressor and the
point of heat rejection 1s long, water can be piped to the cooling tower, rather
than sending refrigerant, as must be done with the evaporative or air-cooled
condenser.

Evaporative condenser. Compacl and provides lower condensing tempera-
tures than the air-cooled condenser and also lower than the water-cooled
condenser /cooling tower combination. Figure 7.11 shows an evaporative con-
denser with a bit more detail than was presented in Fig. 7.1c.

13
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B Fvaporative condensers

e Eliminator plates . Wet-bulb temperature, °F
>>>>>y> > 255 T T
o+ Sprays M
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Condenser ) oy \%
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) : 3°C 95?: \
( Condensed liquid g10 T~ P
Aig refrigerant & %
= 0.5 <
Makeup water
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Wet-bulb temperature, “C



S S PSS
=~ ,
Rciugcrant -
S — | 548 kW (1,870,000 Btwhr)
C Condensing temperature, 35°C (95°F)
Evaporative
condenser Ajr wet-bulb temperature
==——= == 25.6'C (78°F)
< © i -
AN
Air wet-bulb Cooling i
temperature —3»- § OWer 2
‘ BECTD
Reﬁ'lgerint :
28.9°C
548 kW (1,870,000 Btwhr) | (- @ (84°F)
Condensing temperature D
40.6°C (105°F) C
35.8°C (96.5°F)
Water-cooled | '
condenser

()

FIGURE 7.12

Achieving a lower condensing temperature with an cvaporative condenser in comparison to the
combination of a water-cooled condenser and cooling tower.



B Nominal sizes and rates for
evaporative condensers

Heat—transfer area:
0.25 m? per kW of heat rejection (0.8 ft2 per 1000 Btu/hr)
Spray water circulating rate:
0.018 L/s per kW of heat rejection (5 gph per 1000 Btu/hr)
Air volume flow rate:
0.03 m3/s per kW of heat rejection (18 cfm per 1000 Btu/hr)
Air pressure drop through the condenser:
250-375 Pa (1 to 1-1/2 inches of water)
Rate of water evaporated:i?
1.5 L/hr per kW of heat rejection (0.12 gph per 1000 Btu/hr)
Total rate of water consumption:!®
with good quality makeup water the bleed rate may be as low as 50% of
the evaporation rate, so the total rate evaporated and blown down may
be about 2.2 L/hr per kW of heat rejection (0.18 gph per 1000 Btu/hr).
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B Capacity control
REE e BB LIRELEaE © BRIF
HIREL R ARRES - WARETTREEH

¢ the condensing pressure is too Jow to adequately feed level-control valves and
expansion valves

o the pressure of defrost gas is too low to achieve a satisfactory defros,

e 1f the plant uses screw compressors with their oil cooled by direct injection
of refrigerant, the pressure of the liquid must be high enough to force an
adequate flow rate of liquid into the compressor

» savings in compressor power by further lowering of the condensing temper-
ature are less than savings that would be possible 1n pump and fan motors
of the compressors



B Capacity control- varying the air
flow rate

Condenser capacity = (constant)(air flow rate)”*®

s Variable-frequency drive of fan motor
e Two speed fan motors

« Pony motors

e Fan dampers

e Fan cycling on a single-fan unit

e Shutting down one fan in a multiple-fan condenser

18
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FIGURE 7.16
Effect of air-flow rate on the heat-rejection capacity of an evaporative condenser with given

condensing and wet-bulb temperatures.,
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B Positioning the condenser

FoO22>>> >

C
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i Condenser )
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( Subcooling tubes to system

e e e e
e =
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FIGURE 7.18

Liquid subcooler as auxiliary coil in the condenser case.
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B Purging the condenser of air

- From compressor
A 0 OD"DO*DO.‘nO ‘°9¢c°n‘-oﬂnj_g-9-°aodyao °+U°° ——
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“0 o 00 "+ 54 0000, + Noncondensables
9

FIGURE 7.22

Noncondensables in a condenser.

TABLE 7.3
Evaporating temperatures corresponding te standard atmoespheric pressure of 101
kPa (14.7 psia).

Refrigerant | Evaporating temperature below which air could
be drawn intc the system through leaks

Ammoria —-33.5°C (—28.3°F)
R-22 —40.8°C (—41.5°F)
R-404a ~46°C (—50.8°F)

R-507 ~46.7°C (—~52°F)
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FIGURE 7.23 :
Two methods of purging noncondensables, (a) direct venting, and (b) compression of the
refrigerant followed by condensation.
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FIGURE 6.1

Cooling of a fiuid stream at the evaporator.

FIGURE 6.2
An air cooling coil.
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Fluid being cooled

FIGUBRE 6.4
Heat-transfer coefhicients In an evaporator.

1= Q\:C - 1)
whete U = overall heat-transfer coefficient, W/m™°C (Btu/hr ft2*F),
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m 7 : Fin effectiveness (0.3~0.7)

Air 69C (42.89F) | i@w@

L

1 A; | rA;

- 29C (35.6°F)
- 19C (33.89F)

Tube, 0°C (329F)
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TABLE 6.2

Influence of some choices of fin dimensions acd materials on the fin effectiveness

n and the overall heat-tranafer capacity of the coil.

Increase of EHfect on fin Effect on overall Effect on

variable cHectiveness n heat tranafer of coil | cost

Distance Decrease Increase Increases

between tubes

Air-side heat- Decrease Increane Increane of
transfer coefhcient fan power
Thermal Increase Increase See Sec. 6.26
conductivity kaluminum = 4k,¢cel

Fin thickness Increase Increase Increase because of

more metal




B | MTD : Log-Mean-Temperature Difference

U5 Gain

o e

FIGURE 6.7
Distributions of the temperatures of the refrigerant and the fiuid being chilled in an evaporator,

Inf(t; —tr)/(te — 14 ))
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B Advantages of flooded evaporators in
comparison to direct expansion:

v the evaporator surfaces are used more effectively because they are completely
wetted

» problems in distributing refrigerant in parallel-circuit evaporators are less
severe ,

» saturated vapor rather than superheated vapor enters the suction line, 8o

the temperature of suction gas entering the compressor 1s likely to be lower,
which also reduces the discharge temperatute from the compressor.

/0



B Disadvantages of flooded evaporators in
comparison to direct expansion:

v the first cost is higher

o more refrigerant is needed to il the evaporator and surge drum

v oll 15 hkely to accumulate ip the surge drum and evaporator and must be
peniodically or conbinuously removed.

//



TABLE 6.3
Penalties in evaporating temperature due to static bead of liquid in the evaporator.

Increase in evaporating temper-
ature, °C perm (°F per 1t)
Refngerant-22 Emﬁp |
0°C (32°F) 0774 (0.425) | 0392 (0.215)
-40°C {-40°F) 281 (L34) | 177 (0.97)

Tl iirmir e}

Evaporating temperature
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FIGURE 6.11
A fBooded air-cooling coil for low-temperature application.
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FIGURE 6.12
Forced iquud recirculation.



B Optimum evaporating temperature

3
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g of lifetime energy costs
MW obmﬁ
E \mﬁ@%
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FIGURE 8.13

Optimum evaporator area for minimum total of the first cost of the evaporator and the present
worth of the lifetime compressor energy cost.
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B Tube =
sheet and -
. . -
fins of a coil oo o’
Aagr flow - O O O
— |o o o iy
o O O A
o O O o
Tube — | o O ol /ﬁﬁ
k value : Q.2

/Emrona

Stainless=1/4 Al.

o copper tube/aluminum fin for halocarbon air-cooling coils
¢ aluminum tube/aluminum fin for halocarbon or ammomia alr-cooling coils

o carbon steel tube/carbon steel fin for air-cooling coils using ammonia, halo-
‘carbons, antifreezes or water in the tubes

e stainless stee] tube/stainiess steel fin when special cleaning provisions are
required on the air side

/6



The applicaion of the col, paticulaly whether 1t will become frote

deermins 10 & erge extent the spacing of s, [n i conditionig cols it
him aumizum A, the spacing may b 470 per (1 fns per inch, FPI), whil
ndustria ols aze wsualy built with 118 on 158 s per m (3 o 4 FPI). Col
qrving spaces Where the air empetature is below [reeing usually bave  fin

spacing of 116 per m (3 per inch). -
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FIGURE 6.17
Pipe coils embedded in the drain pan in order to facilitate drainage of the melted frost in a

low-temperature coil.



B Psychrometric chart
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TABLE 8.5 , :
Influence of design or operating parameters on outlet air conditions from an evap-
orator coil.

Parameter, Effect on outlet Refnigerating | Typical range
increase of: air conditions capacity
temperature | moisture
content
Face area lower lower higher depends on
reingerating
capacity
Number of lower lower higher four to eight
rows of
tubes deep
Number of lower lower higher 115 to 300 fins perm
fins per | (3 to B fins per in)
unit length
Air flow higher higher - higher Face veloaty
rate | 2to 4 m/s
(400 to 800 fpm)
Refrigerant higher higher | lower 3 to B°C (5 to 15°F)
temperature below entering air



B Typical information

o the space temperature

o the saturated suction temperature
o the refrigeration capacity

o which refrigerant is to be used

o the type of feed, for example, whether liquid recirculation, flooded coils, ot
direct expansion. If hquid recirculation is chosen whether top or botiom feed
should be specified as well as the recirculation rate,

TABLE 6.7

Typical temperature differences—entering air to refrigerant—{for several applica-
tions.

| _ﬂrﬁﬂﬁnﬁnmoﬁ tair,in = trefrig

Below freczing | Storage and Ebhm.mnnnuﬂ. 5.5 to 6.5°C (10 to 12°F)
Above Low humidity 11 ta 17°C (20 to 30°F)
freezing High humidity 2.2 t0 4.4°C {4 to 8°F)




TABLE 6.8

Two strategies for maintaining high humidities in refrigerated spaces.

Strategy

Implications

Operating with low air-to-
refrigerant temperature

differences

Large total area of couls, thus, Hﬂmn.bm.n. coils
and/or a large number of them. Additional coils
mean more {ans and the scnsible loads that their
motors impose on the refrigerated space.

Higher w.:.._.mo._.&_w.ﬁﬂuhﬁ
temperature difference

in combination with
hurmidihers

Moderate total coll area, thus typical size and
number of coils. Additional latent load imposed

on couds, because the water vapor introduced by the
humidifiers must constantly be removed by the coils.

III.].‘-L ]
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Draw-through

FIGURE 6.36
Draw-through and blow-through arrangements of the fan and coil.
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Blow-through
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Refngerated space Refrigerated space

Doorway
Doorway

77 7 7o - 777 777 7 Flow 2 7

FIGURE 6.39
Do not mount coils above a doorway such that they draw warm air in through or diacharge
cold air out through the doorway. Instead, arrange for the air to flow past the doorway,
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space

FIGURE 6.45
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Wall

Ambient

Trap |

A trap in the drain line that carnies defrost water to outside the refrigerated space.



FIGURE 6.46
Elements of & bottom-feed liquid arculation coll equipped with hot-gas defrost.
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TABLE 6.9

Status of valves 1n Fig. 5.46 during refrigeration and during defrost operation.

Operation V1 Va2 v3 V4

Refrnigeration Open Open Closed Closed, becaune valve is
attempting to raise pressurc

Defrost Closed Closed Open Opcns when coil presaure nisce

rises above presaure sctting

FIGURE 6.47

V4

Addition of two check valves,




FIGURE 6.48
Bypass around the suction valve to slowly relieve the pressure in the coil at the terminatior of

defrost.
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FIGURE 6.4%
Defrost control group with gas-powered suction valve, bottom-feed liquid recirculation coil.



FIGURE 6.50
Defrost control group for a top-feed liquid-recirculation coil.



regulator

FIGURE 6.51
Valves and piping for defrosting a flooded coil, with the line from the liquid leg to the coil
sloped upward to achieve a liquid seal during defrost.
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FIGURE 8.53

Returning discharge liquid and vapor from defrosting coils to the intcrmediste pressure in a

two-stage system.

To intermediate «—

From cail

vﬁsu,oAl

Check
valve

FIGURE 6.54

Pressure-
regulating
valve

Placing a check valve in aeries with the pressure-regulating valve when discharging to interme-

diate pressure.
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FIGURE 6.55
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Source of defrost gas from (a) compressor discharge line, and {b) from the high-pressure Liquid

Teceiver.
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FIGURE 6.58
A liquid drainer replacing the pressure-regulating valve to control the fow of refrigerant con-
densate from the coll during defrost.



Water defrost -

the rate of defrost water should be between 1 to 1.36 L/s per m? of coil face
area (1-1/2 to 2 gpm per ft? ).

a water temperature of about 16°C (61°F) 1s an acceptable compromuse.
The higher the water temperature the more rapid will be the defrost, but a
high water temperature also results in excessive fogging 1n the neighborhood
of the coil. The rate of vaporization of water into fog is controlled by the
water vapor pressure which in turn is a function of the water temperature,
Furthermore the water vapor pressure is 3-1/2 times higher at 30°C (86°F)
than it 1s at 10°C {50°F).

the rate of water to be discharged is that of the melted frost plus the defrost
water, so the quantity that the drain pan-and drain lines must handle will

“be considerable more than with a coll defrosted by hot gas.

the solenoid valve controlling the defrost water should be 1n a warm envi-
ronment so that the water line will not freeze. Also, from the position of this
valve, the piping should be sloped so that negligible water is retained in the
line between the valve and the sprayheads at the coul.

the pumpout phase to evacuate the coil of refrigerant first specified for hot-
gas defrost is equally important for water defrost.

38



Advantages of aluminum:

e lighter weight

e better heat transfer. While aluminum may possess five times the conductivity
of steel, the influence of this factor applies only to heat transfer through the
fins and through the tubes. The air-side and refrigerant-side heat-transfer
coefficients dominate, so the favorable conductivity of aluminum results in a
10-12% improvement in heat-transfer rate for a coil of given construction.

o less corrosive in acidic and dry SO, atmospheres®® (but see also disadvan-
tages of aluminum)

e achieves more rapid defrost

Disadvantages of aluminum:

e ability to handle stress and physical blows
e higher cost than galvanized steel
e more difficult to repair in the field

e more corrosive when subjected to chlorine in cleaning solutions and when in
contact with calcium chloride brine

39



Air to refrigerated space
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FIGURE 6.57

Schematic diagram of equipment that sprays the evaporator coil with a glycol solution while
simultaneously regenerating the solution.



The total resistance to heat transfer, Riotal, of the chiller is the sum of the
mdividual resistances,

1 1 1
oA = mw“o:: - + .mwa:nh + - Amw.&

U Ao F.uu:..q\»o }:nc.&lm
whete A = heat-transfer coefficient, W/m* K (Btu/hr-ft*-°F)
A = heat-transfer area, m? (ft?), with subscript o indicating
| the outside and i the inside area
Equation 6.14 implies that the refrigerant is in the shell and liquid fiows in
the tubes. For the tube-side coefficient a standard equation is

E.. ébo.mﬁﬂi
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FIGURE 6.81
Heat-transfer cocefficient for pool boiling from a horizontal cylinder.
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FIGURE 6.59

A shell-and-tube evaporator with refrigerant in the shell and in which separation spacc is

provided above the tubes.
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FIGURE 6.60
A shell-and-tube evaporator with refrigerant in the shell and an auxiliary vessel above the main
cvaporator to facilitate separation of liquid and vapaor.
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Cooling Load

1.

heat that leaks into the refrigerated space from
the outside by conduction through the insu-
lated walls,

. heat that enters the space by direct radiation

through glass or other transparent materials,

. heat that is brought into the space by warm

outside air entering the space through open

doors or through cracks around windows and
doors,

- heat given off by a warm product as its tempera-

ture is lowered to the desired level,

- heat given off by people occupying the refriger-

ated space,

- heat given off by any heat-producing equipment

located inside the space, such as electric motors,

lights, electronic equipment, steam tables, and
materials handling equipment.




Equipment Running Time

Required
Bru/hr_ Total coolng load Bru/24hr
equipment  Desired running ime (hours

capaciy




Factors Uonm.mam:mah the Wall
Gain Load

Q= (4) (U) (D)

where Q = the quantity of heat transferred in Btu
per hour

A = the outside surface area of the wall
(square feet)

U = the overall coefficient of heat transmis-
sion in Btu per hour per square foot per
degree Fahrenheit

D = the temperature differential across the

wall in degrees Fahrenheit




TABLE 70-1 THERMAL CONDUCTIVITY OF MATERIALS USED IN COLD

STORAGE WALLS

Thermal Thermal
conductivity conductance
Marterial Description (k) O
Masonry Brick, common 5.0
Brick, face 9.0
Concrete, mortar or plaster 5.0
Concrete, sand aggregate 12.0
Concrete block
Sand aggregate 4 in. 1.40
Sand aggregate 8 in. 0.90
Sand aggregate 12 in. 0.78
Cinder aggregate 4 in. 0.90
Cinder aggregate 8 in. 0.568
Cinder aggregate 12 in. 0.53
Gypsum plaster 1/2 in. 3.12
Tile, hollow clay 4 in. 0.90
Tile, hollow clay 6 in. 0.66
Tile, hollow clay 8 in. 0.54
Woods Maple, oak, similar hardwoods 1.10
Fir, pine, similar softwoods 0.80
Plywood 3 in. 1.60
Plywood { in. 1.07
Roofing Asphalt roll roofing 6.50
Built-up roofing # in. 3.00
Insulating materials Blanket or batt, mineral or glass fiber 0.27
Board or slab
Cellular glass 0.40
Corkboard 0.30
Glass fiber 0.25
Polystyrene (extruded) 0.20
Polystyrene (molded beads) 0.25
Polyurethane (extruded) 0.16
Polyurethane (board) 0.18
Loose fill
Milled paper or wood pulp 0.27
Sawdust or shavings 0.45
Mineral wool (rock, glass, slag) 0.27
Redwood bark 0.26
Wood fiber (soft woods) 0.30
Surface conductance Still air 1.65
(convection coefficient) Moving air (7.5 mph) 4.00
Moving air (15 mph) 6.00
Glass Single pane 1.18
Two pane 0.46
Three panc 0.29
Four pane 0.21

From ASHRAE Data Book, Fundamentals Volume, 1972 Edition, by permission of the American Society of Heating,

Air-Conditioning Engineers.

Refrigerating, and




1 1 x % 1
Re=—=-t+=+24 242
U f kh k &k h
Therefore,
1
V=1 I
LA +:.|+u
fi h kb fo

where f = convection coefficient (surface conduc-
tance) of inside wall, floor, or ceiling

Jo = convection coefficient (surface conduc-
tance) of outside wall, floor, or roof

Note When nonhomogeneous materials are

used, 1/C is substituted for x/k.

Outside air film

R=025 AT =075F

8 in. cinder block
R=1724 AT=54°F
4 in. Corkboard
R=1333 AT=4165'F
0.5 in. Concrete plaster
R=01 AT=03F

inside air film
R=0607 AT=19°'F
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Fig. 102 Temperature %m&ni through a typical cold

storage.




Example 10-3 Assuming a wind velocity of 7.5 mph,
calculate the value of U for a wall constructed of 8
in. cinder aggregate building blocks, insulated with
4 in. of polyurethane board, and finished on the

inside with 0.5 in. of cement plaster.

Solutionn From Table 10-1,

8 in. cinder aggregate block C
Polyurethane board k
Cement plaster k
Inside convection coefficient fi
Outside convection coefficient _ Jo

>
-

nOO
Q = i
S o0 &

[

!AH
QO
@Rs)

Applying Equation 10-5, the overall thermal resis-

tance, 1/ U

1 1 4 0.5 1
T *oa1s " 5 ' T.65

I

I

24.9

Therefore, U

1/24.9

0.04 Btu/ (hr) (ft2) (°F)

|

0.25 + 1.724 + 22.222 + 0.1 + 0.606




TABLE 70-2 STORAGE REQUIREMENTS AND PROPERTIES
OF PERISHABLE PRODUCTS

Storage Reladve Approximate Water Highant Specific heat Specific heat Latent
temperature, humidicy, storage content, freezing, nbove freezing,” below freezing,” heat,*
Commaodivy *F % life* % “F Btu/1lb - °F Bwa/lb - °F Bru/lb
. Vegetables
Artichokaes .
Globe 32 95 100 100 2 wececks 84 29.9 0.87 0.45 120
Jerusalem 81 o 82 90 o Oh 4 o B months 80 28.0 0.83 Q.44 114
Aspuragus 32 to 388 95 1o 100 2 to 3 weeks o8 30.9 0.914 0.48 133
Beans
Snap or green 40 1o 45 95 7 1o 10 days 89 20.7 0.91 0.47 127
Lirna 84 o 40 : v 95 3 10 5 days 67 30.0 0.73% 0.40 94
Driect %0 70 6 to 8 months 11 0.32 0.28
Beets
Roots 32 95 to 100 4 to 6 months 88 30.4 0.90 0.46 126
Bunch 32 98 wo 100 10 to 14 days 31.3
Broccoli 32 95 to 100 10 1o 14 days 90 30.9 0.92 0.47 130
DBrusscls sprouts 3 95 o 100 8 10 5 weeks an 30.6 0.88 0.46 122
Cabbage, late 32 98 o 100 5 to 6 months 92 30.4 0.94 0.47 132
Carrows
Topped-immature 32 98 to 100 1 to 6 weceks 88 29.5 0.91 0.46 126
Topped-maturc 32 98 o 100 7 to 9 months 88 29.5 0.91 0.46 126
Cauliflower 32 95 o 98 3 to 1 weeks o2 30.6 0.98 0.47 132
Seleriac 32 95 to 100 6 to 8 months 88 30.4 0.91 0.46 126
Celerxy : 32 98 to 100 2 1o 8 months 94 31.1 0.95 0.48 135
Collards 32 95 to 100 10 co 14 days 87 80.6 0.90 0.46 125
Corn, Sweet 82 95 to 98 4 to 8 cdaya 74 30.9 0.79 0.42 106
Cucumbecrs 45 to 50 o985 10 to 14 days 96 31.1 0.97 0.49 187
Eggplant 45 to 54 90 o 95 7 1o 10 days 83 30.6 0.94 0.48 133
Endive (escarole) 32 95 to 100 2 1o 3 wecocks 93 31.9 0.94 0.48 133
Frozen vegcuables™ —~10 to O 6 to 12 months
Garlic, dry 32 65 1o 70 6 wo 7 months 61 30.6 0.69 0.40 89
Greens, leafy 32 9% o 100 10 1o 14 days o3 31.5 0.94 0.48 188
Horseradish 30 o B2 95 to 100 10 o 12 months 75 28.7 0.78 0.42 104
Jicama 55 o> 65 65 to 70 1 to 2 months
Kale 32 95 o 100 2 to 3 wecks 87 31.1 Q.89 0.46 125
Kohlrabi 32 98 to 100 2 to 8 months 90 30.2 0.92 0.47 120
L.ecks, green 32 95 o 100 2 to 3 months 85 30.7 0.88 0.46 122
Lettuce, head 82 to 34 95 o 100 2 o 3 weceks 95 31.7 0.96 0.48 136
Mushrooms 32 o5 3 to 4 days 91 30.4 0.93 0.47 130
Okra 45 to 55 90 o 95 7 to 10 days 20 28.7 0.92 0.46 1290
Onions
Green 32 95 to 100 3 to 4 weeks 89 30.4 0.91 0.47 127
Dry, and onion seus 32 65 o 75 1 to 8 months 88 30.6 0.90 0.46 126
Parsley 32 95 1o 100 1 too 2 mouths 85 30.0 0.88 0.45 122
Parsnips a2 98 to 100 4 to 6 months 79 30.1 0.84 0.44 112
Peas
Green 32 95 o 98 1 to 2 weeks 74 30.9 0.79 0.42 106
Dricd 50 70 6 to 8 months 12 0.30 0.24
Peppers
Dried 32 o 50 60 o 70 6 months 12 0.30 0.24 17
Swect 45 to 50 90 o 95 2 to 8 wecks 92 30.7 0.94 0.47 132
Potatoes
Early 38 o 40 90 o 95 4 to 5 months 81 30.9 0.85 0.44 116
Main crop A8 o 40 90 o 95 5 o 8 mmonths 78 30.9 0.82 0.43 11
Sweet 50 to 55 85 to 90 4 to 7 months 69 9.7 0.76 0.41 299
Pumpkins 50 ro 55 50 o 75 2 to 8 months 91 30.6 0.92 0.47 130
Radishcs
Spring be 324 95 ro 100 B to 4 wecks o5 0.7 0.95 0.48 134
Winter 82 95 o 100 2 o 4 months kil 30.7 0.95 0.48 134
Rhubarb 82 95 o 100 2 w0 4 wecks o5 830.% 0.95 0.48 134
Ruwmbagas 32 98 to 100 4 1o 6 months 89 30.0 0.91 0.47 127
Salsify s2 98 o 100 2 to 4 months 79 30.0 0.83 0.44 113
Seed, vegetable A2 1o KO 50 to 65 10 1o 12 months 7 to 156 0.29 0.28 16
Spinach 34 95 o 98 10 vo 14 days o3 81.5 0.9« 0.48 133
Squash
Acorn a5 o 50 70 to 75 %5 1o 8 weeks B30.G
Summer 4) o KO 95 5 o 14 days o4 31,1 0.95 0.48 135
Winter BO wo» N5 5O o 75 4 to 6 months 85 0.6 0.88 0.45 122
Tamarillon D7 ter 40 ABh to 95 10 weekn
Tomatoeas
Mature green 55 1o GO 90 o 95 1 to 3 weeks 03 31.0 0.94° 0.48 8
Firm, ripe 45 o HO 90 to 95 4 to 7 days 91 31.1 0.95 0.48 134
Turnips
Roots 32 o5 4 to 5 inonths v 80.0 0.93 0.47 182
CGreens 32 985 te» 100 10 o 14 dayn 00 31.G6 0.92 0.47 120
Watercress a2 95 o0 100 2 to % weeks pi L 31.4 0.94 0.48 133
Yams (i3] 85 to 90 3 o 6 mnonths 74 0.79 O.42 108

Reprinwed by parmniasion of the American Society of Heating, Refrigeratng wnd Air-Conditioning Engineers, Atlanca, Georgisa,

from the 1994 ASHRAL I arnddook -« Reyfrigevation.




T ABLE TO-I8 REFRIGERATION DESIGN AMEBIENT TEMPERATURE GUIDE*
Average Maxirnurm
ambient ambicent Growund
eI >, temp. temperature
T.oCcation e 2 et T °¥
A labarma
Birmingham 88 DO 7O
Mobile 88 7 75
AXrirzomna
Flagscaft 75 QO 6O
Phocecnix 1 OO0 113 80
T uacsorn s34 o8 80
Arkansas
Fort Smith E2 B | 103 70
Licttle Rock Q0O 100 70
California
Bakersfield 96 114 75
Fresno o4 111 80
Los Angceles 83 ts B 3 75
Oakland . d =] 89 685
Sacramento 90 108 80
San Diego 75 80 65
San Framcisco 75 83 S5
Colorado
Colorado Springs 83 o4 SO
Denverx 83 o8 SO
Grand Juncadon 88 102 (510
Pucblo 83 100 s55
Connecticut
Harcoxrd n3 ODa S5
INew HFaven 283 o5 85
New London 83 o3 85
Norwallk 83 96 65
Delaware
Dover 87 96 65
Milford 87 o S5
Wilmingtonm 87 £= 2 3 65
Diswrict of Columbia 89 o8 S5
Florxrida
Jacksonville 88 96 80
Miami 88 90 80
Orlando ]88 7 80
Tallahasscoe 88 100 80
Tampa =8 D5 80
Georgia
Acilannca 8037 D5 70O
Savanmnah RO DO s
Idaho
Boisce RO 105 SO
Pocatello 8583 100 60O
Illinois
Cairo 839 102 SO
Chicago 87 o8 80O
Pecoxia 88 100 SO
Guincy Q0 LOS SO
Rockford 87 101 S0
Springfield 90 1022 S0
Indiana
Evansville QO 100 65
Fort Wayne 87 100 60 g
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TABLE 10-4 ALLOWANCE FOR mogn RADIATION

(Degrees Fahrenheit to be added to the normal temperature difference for heat leakage calculations to compensate
for sun effect—not to be used for air-conditioning design)

Type of surface East wall South wall West wall Flat roof

Dark-colored surfaces such as;
Slate roofing
Tar roofing 8 5 | 8 20
Black paints |
Medium-colored surfaces, such as:
Unpainted wood
Brick
Red tile 6 4 ‘ 6 15
Dark cement
Red, gray, or green paint
Lightcolored surfaces, such as:
White stone
Light-colored cement 4 2 4 9
White paint

From ASRE Data Book, Design Volume, 1957-58 Edition, by permission of the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers. ,




TABLE 10-5 WALL HEAT GAIN
Insulation (Btu per square foot per 24 hr)
Cork or Temp. difference (ambient temp. minus refrigerator temp.), °F
equivalent,
in, 1 0 4 50 55 60 6 0 75 8 & 90 9% 100 105 10 115 120
3 24 % 108 120 132 144 156 168 180 192 204 916 228 40 %2 4 97 288
4 1.8 7281 9 99 108 117 126 135 144 155 162 17 180 189 198 207 216
5 l44 58 65 72 79 87 94 101 108 115 192 130 137 144 151 159 166 178
6 1.2 8 5 60 66 T2 78 8 90 96 102 108 114 120 1% 132 138 144
7 103 4 46 52 57 6 6 1 M 8 o088 93 98 103 108 113 118 14
8 090 36 4 4 50 .5 59 65 6 2 T 8 8 9% 9% 99 104 108
9 080 32 36 40 4 48 52 56 60 64 68 72 6 80 84 88 92 9%
10 072 29 32 36 40 4 47 50 54 58 6l 65 68 12 76 9 8 8
11 066 26 30 33 36 40 4 46 50 58 56 , 60 63 66 6 73 % M9
12 060 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72
13 055 22 25 28 30 33 36 39 4 4 47 50 52 55 58 6] 65 66
14 051 20 25 26 28 31 33 36 8 4 43 46 49 5l K4 56 59 61
Single glass 270 1080 1290 1350 1490 1620 1760 1890 2030 2160 92990 9440 2560 2700 2840 2970 8100 8240
 Doubleglass 110 440 500 550 610 660 715 770 825 880 936 990 1050 1100 1160 1210 1270 132
Tripleglass 70 280 320 350 300 420 454 490 55 560 595 630 665 00 740 770 810 840
Note: Where wood studs are used multiply the above values by 1.1. :
From ASRE Data Book, Design Volume, 1955-56 Edition, by permission of the American Society of Heating, Refrigerating, and Air
Conditioning Engineers.

10




Example 104 The east wall of a cold storage ware-
house in Dallas, Texas, is 100 ft X 20 ft. The outside
surface of the wall is dark concrete, and the wall U
factor is 0.046 Btu/ (hr) (ft?) (°F). If the inside tem-

perature is maintained at 38°F, compute the wall gain
in Btu/24 hr.

Solution From Table 10-3, the outdoor design
temperature for Dallas is 92°F, and from Table 10-4,
the temperature difference for a medium-colored
outside wall facing east is 6°F. Applying Equation
10-3,

Wall gain = (100 X 20) (0.046) (92° + 6° — 38°) (24)
= 132,480 Btu/24 hr |

R ¥ B



Wall gain load = Outside surface area
| X wall gain factor

Example 10-5 The floor of a cold storage warehouse
in Green Bay, Wisconsin, measures 100 ft X 150 ft
and is laid directly on the ground. Assuming that
the inside air temperature is 35°F, if the U factor for
the floor is 0.045 Btu/ (hr) (ft?) (°F), what is the heat
gain through the floor in Btu/24 hr?

Solution From Table 10-3, the ground temper-
ature for Green Bay is 55°F. Applying Equation 10-3,

Q = (100 X 150) (0.045) (55° — 35°) (24)
= 324,000 Btu/24 hr |

/12



TABLE 10-8A AVERAGE AIR CHANGES PER 24 HOURS FOR STORAGE ROOMS
ABOVE 32°F DUE TO DOOR OPENING AND INFILTRATION (Does not apply to rooms
rwm:n ventilating ducts or grilles.)

Air Air Air Air
Volume changes Volume changes Volume changes Volume changes
cu ft per 24 hr cu ft per 24 hr cu ft per 24 hr cu ft per 24 hr
250 38.0 1,000 17.5 6,000 6.5 30,000 2.7
300 34.5 1,500 14.0 8,000 5.5 40,000 2.3
400 29.5 2,000 12.0 10,000 4.9 50,000 2.0
500 26.0 3,000 9.5 15,000 3.9 75,000 1.6
600 23.0 4,000 8.2 20,000 3.5 100,000 14
800 20.0 5,000 7.2 25,000 3.0

Note: For storage room with anterooms, reduce air changes to 50% of values in table.

For heavy duty usage, add 50% to values given in table.

From ASRE Data Book, Design Volume, 1949 Edition, by permission of the American Society of Heating, Refrigerating, and Air-
Conditioning Engineers.

TABLE 10-6B AVERAGE AIR CHANGES PER 24 HOURS FOR STORAGE ROOMS
BELOW 32°F DUE TO DOOR OPENING AND INFILTRATION (Does not apply to rooms

using ventilating ducts or grilles.)

Air Air Air Air

Volume changes Volume changes Volume changes Volume changes

cu ft per 24 hr cu ft per 24 hr cu ft per 24 hr cu ft per 24 hr
250 29.0 1,000 13.5 5,000 5.6 25,000 2.3
300 26.2 1,500 11.0 6,000 5.0 30,000 2.1
400 22.5 2,000 9.3 8,000 4.3 40,000 1.8
500 20.0 2,500 8.1 10,000 3.8 50,000 1.6
600 18.0 3,000 7.4 15,000 3.0 75,000 1.3
800 15.8 4,000 6.3 20,000 2.6 100,000 1.1

Norte: (1) For storage rooms with anterooms, reduce air changes to 50% of values in table.
For heavy duty usage, add 50% to values given in table.
(2) For locker plant rooms, double the above table values.

m.qoa.ééuv&nmeek Uon:w:a\o“can.goﬁomnmao:.g\ vn-.:..mmumo:oMnrog.nnmnw:manQOm Heating, Refrigerating, and Air-
Conditioning Engineers. .
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Calculating the Air
Change Load

Air change load = (Inside volume) (air changes)

(0.075) (hy — M)

Example 10-6 A storage cooler located in a hotel
kitchen has inside dimensions of 16 ft X 25 ft X
10 ft. From Table 10-6A, QQQSSQ the ::8@2 of
air changes per 24 hours.

Solution The inside volume of the cooler is
4000 ft* (16 X 25 X 10) and, being located in a
hotel kitchen, usage is heavy. From Table 10-6A, the

number of air changes per 24 hris 12.3 (8.2 + 4.1).

3
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Example 10-7 The inside volume of a storage cooler
In a busy supermarket is 6000 ft® and usage is heavy.
The inside is maintained at 35°F and 90% RH and

the outside conditions are 75°F and 50% RH
Calculate the air change load.

Solution From Table 10-6A, the number of air
changesis9.75 (6.5 + 3.25). From the psychrometric
chart, the enthalpy of the inside air is 12.4 Btu/

Ib and the enthalpy of the outside air is 28.3 Btu/
Ib. Applying Equation 10-7,

Air change load = (6000) (9.75) (0.075) (28.3 — 12.4)
= 69,700 Btu/24 hr




Calculating the Product Load

B Q= (m)()(AT)

(m) (¢) (TD) (24 hr)
desired cooling time (hr)

B 0=

where (@ = the quantity of heat in Btu
m = mass of the product (pounds)
¢ = the specific heat above freezing, Btu/
(1b) (°F)
AT = the change in the product tempera-
ture (°F) |

16




mxs%_a 108 Seventy-five hundred pounds of fresh
lean beef enter a chilling cooler at 102°F and are

chilled to 45°F each day. Compute the product load
in Btu per 24 hr,

Solution From Table 10-2, the %mamn heat of
beef above freezing is 0.75 Btu/Ib °F. Applying Equa-
tion 10-8, |

Product load = (7500) (0.75) (102° — 45°)
= 320,600 Btu/24 hr

17




Example 109 Determine the product load in Btu per

24 hr assuming that the beef described in Exa

,Bv_n
10-8 is chilled in 20 hr rather than over the entire
mﬁ_avmaoa.‘

Solution Applying Equation 10-9,

Product load = (7500) Aoi...!.qmv M%w:.l 45°) (24 hr)

= 384,750 Btu/24 hr




Product Freezing and Storage

When a product is to be frozen and stored at some
temperature below its freezing temperature, the
product load is calculated in three parts:

1. The heat given off by the product in cooling

from the entering temperature to its freezing
temperature

2. The heat given off by the product in solidifying
or freezing
3. The heat given off by the product in cooling

from its freezing temperature to the final stor-
age temperature.

Q= (m) (Pyy)

where 7 = the mass of the product in pounds
hy = the product latent heat in Btu per pound

1y




Example 10-10 Five hundred pounds of Poultry enter
a chiller at 40°F and are frozen and chilled to a final
temperature of —5°F for storage in 12 hr. Compute
the product load in Btu per 24 hr.

Solutiorz From Table 10-2,
Specific heat above freezing = 0.80 Brtu.lb °F
Specific heat below freezing =— 0.42 Btu/1b °F

Latent heat = 106 Btu,/1lb
Freezing temperature = 27°F
To cool poultry from
entering temperature to
freezing temperature,
applying Equation 10-8 = (500) (0.80) (40° — 27°)
= B2Z200 Btu
To freeze, applying
Equationn 10-10 = (BHO00) (106)
= 53,000 Bru
To cool from freezing
temperature to final
storage temperature,
applying Equation 10-8 = 500 < 0.42
> [27° — (—5°)]
= 6720 Btu
Total heat given up by
Product (summation of
1, 2, and 3) = 64,920 Btu
Equivalent product
load for 24-hr period
Buu /24 hr 64,920 < 24 hr

12 hr
129,840 Buu. /24 hr

I

20



Respiration Heat

Q (Btu/24 Ev = mass of product (Ib)

X respiration heat (Btu/Ib hr)
X 24 hr

Containers and Packing
Materials

21




TABLE 10-7

RESPIRATION HEAT FROM FRUITS AND VEGETABLES

Fruits Vegewuables
Temperature Buwu per hr Temperature Bwu per hr
Commodicy deg F per Ib Commodity deg F per Ib
Apples a2 018 Asparagus 32 085
40 030 40 .170
<0 -120 Beans, ima 32 .170
60 820
Apricots 32 .03 i
20 ‘086 Beans, string ﬂw AWMW
60 170 60 .470
Bananas Becw 32 055
Holding 54 .069 Pt 15
Ripening 68 -190 =
Chilling 70-56 .5008 Brusscl 32 -059
sprouts 40 .095
Berries 36 1158 S0 - 280
60 .345 Cabbage 32 059
40 .095
Cherries 32 .082 60 280
60 2850 Cauliflower 32 .059
40 095
Cranberries 32 014 60 -280
40 .019 Carrocs 32 045
50 .036 40 .073
60 -170
" Dates, fresh 82 014 Celery 32 .059
40 -019 40 098
50 -0386 60 .280
b . e .0358
Grapefruit 82 0096 Gorn. sweer 32 e
40 022 -
6O L0888 Cucumber 32 028
40 041
Grapes 32 0075 - G0 178
40 .01le Endive 40 .200
(:70) 050 Lettuce 32 .240
40 .330
Lemons 32 012 60 960
40 017 Melons 32 -028
60 -062 (except 40 .041
1 60 178
Limes a2 012 watermelons)
Mushrooms 82 -130
40 017
€0 062 50 460
Onions 32 .018
Oranges 32 017 50 .089
40 029 70 073
60 ‘104 Parsnips 32 045
40 073
Peaches 32 028 60 170
140 086
Peas 32 .170
60 170 60 8320
Pcars »2 016 Peppers 32 -087
&0 230 60 . 180
Powatocs 32 Ole
Plums a2 032 40 .080
[ ¢ . 280 70 .060
Mﬂuﬂfﬂnv 40 E
Quinces az -018 Sweet Potatoes 40 .070
40 .030
80 .120 Tomatoes
(Green) 80 .130
Strawberries 3L 068 (Ripe) 40 .027
40 -120 Turnips 32 040
60 .360 40 080

From Carvier Design Data. Reproduced by permission of Carrier Corporadon.
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Example 10-11 Three thousand lug boxes of apples
are stored at 35°F in a storage cooler. The apples
enter the cooler at a temperature of 75°F and at a
rate of 200 lug boxes per day for the 15-day harvest
period. The average weight of apples per lug box is
59 pounds. The lug boxes have an average weight
of 4.5 pounds and a specific heat of 0.6 Btu/ (Ib) (°F).
Calculate the product load in Btu/24 hr.

. Solution The productload is calculated for the
hifteenth day when the productload is greatest. From
Table 10-2, the specific heat of apples is 0.87 Btu/
(Ib) (°F) and, by interpolation from Table 10-7, the
respiration heat is 0.025 Btu/ (1b) (hr).

Chilling load = (m) () (& — ¢)

Apples = (200 X 59) (0.87) (75° — 35°)
= 410,600 Btu/24 hr

Lug boxes = (200 X 4.5)(0.6) (75° — 35°)
= 21,600 Btu/24 hr

Respirationload = (m) (respiration heat) (24 hr)
= (3000 X 59)(0.025) (24)
= 106,200 Btu/24 hr

Total product load = 538,400 Btu/24 hr

23



Calculating the Miscellaneous
Load

Lights: wattage X 3.42 Btu/watt hr X 24 hr

Electric motors: factor (Table 10-8) X horse-
power X number of hours

People: factor (Table 109) X number of
people X number of hours

24



TABLE 10-8 HEAT EQUIVALENT OF ELECTRIC MOTORS

Btu/hp-hr
Motor Connected
Connected losses load
load in outside outside
Motor refr. refr. refr.
hp space! space? space?®
3 to 3 4250 2545 1700
3to 3 3700 2545 1150
3 to 20 2950 2545 400

TABLE 10-9 HEAT EQUIVALENT OF OCCUPANCY

Cooler temperature, Heat equivalent/person
°F Btu/hr

50 720

40 840

30 950

20 1050

10 1200

0 1300

—10 1400

From ASRE Data Book, Design Volume, 1949 Edition, by permission
of the American Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers.
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. TABLE 10-8 HEAT EQUIVALENT OF ELECTRIC MOTORS

Btu/hp-hr
Motor Connected
Connected losses load
load in outside outside
Motwor refr. refr. refr.
hp space! space? space?
3 to 3 4250 2545 1700
3 to 38 3700 2545 1150
3 to 20 2950 2545 400

! For use when both useful ocoutput and motor losses are dissipated
within refrigerated space; motors driving fans for forced circula-
tion unit coolers.

? For use when motor losses are dissipated outside refrigerated
space and useful work of motor is expended within refrigerated
Space; pump on a circulating brine or chilled water system, fan
motor ocoutside refrigerated space driving fan circulating air within
refrigerated space.

* For use when motor heat losses are dissipated within refrigerated
space and useful work expended outside of refrigerated space;
motor in refrigerated space driving pump or famn located outside
of space.

From ASRE Data Book, Design Volume, 1949 Edition, by Permission
of the American Society of Heating, Refrigerating, and Air-Condi-
doning Engineers.
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TABLE 10-9 HEAT EQUIVALENT OF OCCUPANCY

Cooler temperature, Heat equivalent/person

F ‘ Btu/hr
50 | 720
40 840
30 | 950
20 1050
10 1200

0 1300
—10 1400

From ASRE Data Book, Design Volume, 1949 Edition, by permission
of the American Society of Heating, Refrigerating, and Air-Condi-
tioning Engineers.




Use of Safaty Factor

The total cooling load for a 24-hr period is the sum-
mation of the heat gains as calculated in the forego-
ing sections. It is common practice to add 5% to

10% to this value as a safety factor. The percentage
used depends on the reliabilty of the information
used 1n calculating the cooling load. As a general
rule 10% is used.

28
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Example 10-12 A storage cooler 18 ft X 10 ft X
10 ft and used for the short-term storage of produce
is constructed of panels insulated with 4 in. of poly-
styrene molded beads (equivalent to 5 in. of cork-
board). The outside conditions are 75°F and 50%
RH, and the inside is to be maintained at 40°F and
95% RH. One thousand pounds of mixed vegetables
are cooled 10°F to the storage temperature each
day. A 100-watt light burns in the space 8 hours per
day, and one person works in the space approxi-
mately 4 hours per day. If the usage is average, calcu-
late the cooling load in Btu/hr.

Solution From Table 10-1, the k factor for poly-
styrene molded bead insulation is 0.25 (Btu) (in.)/
(hr) (ft®) (°F) and, from Table 10-6A, the number of
air changes per 24 hoursis 14. From the psychromet-
ric chart the enthalpy of the outdoor air is 28.3 Btu/
Ib and the enthalpy of the inside air is 14.9 Btu/
Ib. From Table 10-2, an average specific heat for
mixed vegetables is 0.9 Btu/ (1b) (°F) and from Table
10-7, an average respiration heat at 40°F is 0.09 Btu/
(Ib) (hr). The total outside surface area is 920 ft2 and,
since the inside dimensions are 8 in. less than the

outside dimensions, the inside volume is approxi-
mately 1500 ft® (17.33 X 9.33 X 9.33). 1%b o

Wall gain load = (A) (U) (¢, — ¢) (24 hr)
= (920)(0.25/4) ('75° — 40°) (.24)
= 48,300 Btu/24 hr



74

Air change load = (inside volume) (air changes/ hr)

- (0.075) (ko — )
= (1500) (14) (0.075) (28.3 — 14.9)

= 21,100 Btu/24 hr
Product load
Chilling = (m) (o) (& — &)
= (1000) (0.9) (10°F)
= 9000 Btu/24 hr
Respiration = (m) (respiradon heat) (24 hr)
= (1000) (0.09) (24)
= 2160 Btu/24 hr
Miscellaneous load
People = (number) (heat equivalent) (hr)
= (1) (800) (4)
= 3200 Btu/24 hr
Lights = (watts) (3.4 Buu/ (W) (hr) X (hr)
= (100) (3.4) (8)
= 2720 Btu/24 hr
Summation = 86,480 Btu/24 hr
Safety factor = 8650 (10%)
Totalload = 95,130 Btu/24 hr
Required equipment capacity

_ _ Total cooling load
Desired running time

_ 95,130 Btu/24 hr
16 hr

= 5950 Btu/hr
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 Short Method
Load Calculations

- Usage load = Interior volume
< usage factor

Example 10-13 Recalculate the cooling load for the

cooler described in Example 10-12 using the short
form.

Solution From Example 10-12, the outside sur-
face area is 920 ft®* and the inside volume is 1500
ft>. From Table 10-5, the wall gain factor is 1.44 Beu/
(£f®) (°F) (24 hr) and from Table 10-10 the usage fac-
tor is 0.92 Btu/ (°F) (24 hr)

Wall gain load = (Area) (Wall gain factor)
(920) (1.44 X< 35°)

46,400 Buu /24 hr

(Inside volume) (Usage factor)
(1500) (0.92 X 35°)

48,300 Btu /24 hr

I

I

Usage load

Total cooling load = 94,700 Btu/24 hr

94,700 Bru /24 hr
16 hr

= 5920 Btu/hr

Required equipment capacity =

31




TABLE 10-10 USAGE HEAT GAIN
Temperature difference (ambient temp minus storage room temp), F deg
Volume cu ft Service* 1 40 50 55 60 65 70 75 80 90 100
20 Average 4.68 187 234 258 281 305 328 351 374 421 468
Hcavy 5.51 220 276 303 331 358 386 413 141 496 551
30 Average 3.30 182 165 182 198 215 231 248 264 297 330
Heavy 4.56 182 228 251 274 297 319 342 365 410 456
50 Average 2.28 91 114 126 137 148 160 171 182 205 228
Heavy 3.55 142 177 196 218 231 249 267 284 320 355
75 Average 1.85 74 93 102 111 120 130 139 148 167 185
Heavy 2.88 115 144 158 178 188 202 216 230 259 288
100- Average 1.61 64 81 84 97 105 113 121 129 145 161
Heavy 2.52 101 126 189 151 164 176 189 202 227 252
200 Average 1.38 55 69 76 83 90 97 103 110 124 138
Heavy 222 90 111 122 183 144 155 166 178 200 222
300 Average 1.30 52.0 65 71.5 78 84.5 91 97.5 104 117 130
Heavy 2.08 83.2 104 114 125 135 146 156 166 187 208
400 Average 1.24 49.6 62 68.2 74.4 80.6 86.8 93 99.2 112 124
Heavy 1.96 78.4 98 108 118 128 137 147 157 176 196
500 Average 1.21 48.4 60.5 66.6 72.6 78.7 84.7 90.7 96.8 109 121
Heavy 1.87 74.8 93.5 1038 112 122 131 140 150 168 187
600 Average 1.17 46.8 58.5 64 70 76 82 88 94 105 117
Heavy 1.85 74.0 92.5 102 111 120 130 189 148 167 185
800 Average 1.11 44.4 55.5 61.1 66.6 72.2 77.7 83.3 88.8 100 111
Heavy 1.76 70.4 - 88.0 96.8 106 115 128 132 141 158 176
1,000 Average 1.10 44.0 55.0 60.5 66 71.5 77 82,5 88 99 110
Heavy 1.67 66.8 83.5 91.9 100 108 | 117 125 134 150 167
1,200 Average .995 39.8 49.8 54.7 59.7 64.7 69.7 74.7 79.6 89.6 99.5
Heavy 1.58 63.2 79.0 86.9 94.8 108 111 119 126 142 158
1,600 Average .920 36.8 46.0 50.6 55.2 59.8 64.4 69 73.6 82.8 92
Hcavy 1.50 60.0 75.0 82.5 90.0 97.5 105 113 120 135 150
2,000 Average .885 33.4 41.8 45.9 50.1 54.3 58.5 62.7 66.8 75.2 83.5
Long storage 775 31.0 38.8 42.6 46.5 50.4 54.3 58.1 62 69.8 77.5
3,600 Average .750 30.0 37.5 41.3 145.0 48.8 52.5 56.2 60.0 67.5 75.0
Long storage .576 23.0 28.8 31.7 34.6 37.3 40.3 43.2 46.1 51.8 57.6
5,000 Long storage .403 16.1 20.2 22.2 24.2 26.2 28.2 30.2 32.2 36.3 40.3
7,500 Long storage 305 12.2 15.3 16.8 18.3 19.8 21.4 22.9 24.4 27.5 30.5
10,000 Long storage .240 9.6 12.0 13.2 14.4 156.6 16.8 18.0 19.2 21.6 24.0
20,000 Long storage .187 7.48 9.35 10.3 11.2 12.2 13.1 14.0 15.0 16.8 18.7
50,000 Long sworage .178 7.12 8.90 9.79 10.7 11.6 125 13.4 14.2 16.0 17.8
75,000 Long storage 176 7.04 8.80 9.68 10.6 - 11.5 12,3 13.2. 14.1 15.8 17.6
100,000 Long storage 173 . 6.92 8.65 9.52 10.4 11.2 12.1 18.0 13.8 15.6 17.8
* For average and heavy service, product load is based on product entering at 10 deg above the refrigerator temperature; for long storage the entering temperature is approximatcly
equal (o the refrigerator temperuture.
Where the product load is unusual, do not use this table.
From ASHRAE Data Book, Fundamentals Volume, 1972 Editon, by permission of the American Saciety of Heating, Refrigerating, and Air-Conditioning Engineers.
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Example 10-14 A storage cooler 10 ft X 12 ft X 9 ft
equipped with four 2 ft X 5 ft triple-pane glass doors
is used for general-purpose storage. The walls are
panels insulated with the equivalent of 5 in. of cork-
board and the inside volume is approximately 930
ft’. The cooler is maintained at 35°F, and the service
load is heavy. If the ambient temperature is 80°F,
determine the cooling load in Btu/hr based on a
16-hr operating time.

Solution The glass area is 40 ft? (4 X 2 X 5)
and the net wall area is 596 ft* (636 — 40). From
Table 10-5, the wall gain factor is 65 Btu/ (ft%) (24 hr)
and the factor for triple-pane glass is 320 Btu/ (ft2) (24
hr). From Table 10-10, by interpolation, the usage
factor is approximately 1.72 Btu/ (ft®) (°F) (24 hr).

Wall gain load = (Wall area) (wall gain factor)
= (596) (65)
= 38,750 Btu/24 hr
= (Glass area) (glass factor)
= (40) (320)
= 12,800 Btu/24 hr
Usage load = (Inside volume) (usage factor)
= (930) (1.72 X 45°F)
= 71,980 Btu/24 hr
Total cooling load = 123,530 Btu/24 hr

123,530 Btu/24 hr
16 hr

= 7720 Btu/hr

Average hourly load =
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