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Refrigeration Cycle
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Generic Refrigeration System

Atmosphere
Energy to atmosphere

T >T

refrig. Syst.
Refrigeration
System

T <T

refrig. Syst. cold space

Energy from cold space
Cold Space

Figure 1-1, Generic Refrigeration System




DX Evaporator

Direct Expansion (DX)

Air-Cooled
Condenser
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Compressor
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Flooded Evaporator

Evaporative
Condenser

Flooded Type Evaporator

Liquid
8 Receiver

Screw
Compressor

Surge Drum

=

Flooded Type
Evaporator




Schematic Diagram of Pump-
circulate Evaporator




P-h Diagram of Pump-circulate
Evaporator
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DX VS Flooded Coll

Superheat-controlled expansion valve

High-pressure'
liquid refrigerant”

To compressor

—— To compressor
Liquid and vapor




Liquid Subcooling

ash-gas
Warm hquld compressor
from

condenser

—
Intermediate-

temperature

liquid

Subcooled
liquid

FIGURE 3.5

A liquid subcooler using a coil immersed in the liquid of an intermediate-pressure vessel




Liquid Subcooling

Condenser

Flash.gas compressor

CoOmpressor

®

<) Evaporator
Expafision
valve




P-h Diagram of Liquid Subcooling

Enthalpy




Standard Two-stage System with
One Evaporating Temperature

2
4-.. intercooler Low-stage
6~ owrt "‘ compressor

FIGURE 3.15

A standard two-stage system with flash-gas removal and intercooling




P-h Diagram for Standard
Two-stage System

FIGURE 3.16

Pressure-enthalpy diagram for the standard two-stage system of Figure 3.15.




Saving of a Standard Two-stage

Evaporating temperature, ‘F
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Optimum Intermediate Pressure
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Two-stage with Both Low and
Medium-Temp. Evaporators




Side-port Economizer

Screw
compressor

Liquid from receiver

Discharge

Side Intermediate-pressure gas
port
ubcooled, high-pressure liquid

FIGURE 3.24

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




When to Use Two-Stage

. When Evaporator Temperature drop
below -10C

. When the Pressure Ratio Is more than 8
for Reciprocating Compressor with NH3



Refrigeration Load Calculations




Load Components

1) Transmission Load
2)Product Load
3) Internal Load
4) Infiltration Air Load

5) Equipment-related Load
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Infiltration by Air Exchange

FROST
ACCUMULATION // o

N -
/(/ /éc/ic}“%
)5

/// ’
7
P

//
——
—_—

LOADING DOCK —_—
—  WARM INFLOW

FREEZER

COLD OUTFLOW
ICED FLOOR

Fig. 3 Flowing Cold and Warm Air Masses for Typical
Open Freezer Doors




Alr Curtain

Blower

Induced air
Induced air

Refrigerated space

o Centerline _—
Spill +—— —_— Spill

FIGURE 18.11
An air curtain resisting infiltration through an open door.




Door Heat Gain

Heat gain through doorways from air exchange 1s as follows:

¢, = ¢D,D;(1 — E) (11)

where
g; = average heat gain for the 24 h or other period, kW
g = sensible and latent refrigeration load for fully established flow,
kW
D, = doorway open-time factor
D= doorway tlow factor
E = effectiveness of doorway protective device




Door Heat Gain

Gosney and Olama (1975) developed the following air exchange
equation for fully established flow:

q= 022114(}?3 - hr)p;'(l_ pi/pi')O'S(gH)O'SFm (1 2)

where
g = sensible and latent refrigeration load, kW
A = doorway area, m?
h; = enthalpy of infiltration air, kJ/kg
h,. = enthalpy of refrigerated air, kJ/’kg
p; = density of infiltration air, kg/m’
p, = density of refrigerated air, kg/m’
g = gravitational constant = 9.81 m/s’
H = doorway height, m
F,, = density factor




Door Heat Gain

For cyclical, irregular, and constant door usage, alone or in
combination, the doorway open-time factor can be calculated as

(P8, + 606,

) = (15
’ 36000, )

where
= decimal portion of time doorway 1s open
= number of doorway passages
= door open-close time, seconds per passage
= time door simply stands open, min

= daily (or other) time period, h



Door Open-Close Time

The typical time 6, for conventional pull-cord-operated doors
ranges from 15 to 25 s per passage. The time for high-speed doors
ranges from 5 to 10 s, although 1t can be as low as 3 s. The time for
0, and 0, should be provided by the user. Hendrix et al. (1989)

found that steady-state flow becomes established 3 s after the cold-
room door 1s opened. This fact may be used as a basis to reduce 6,
in Equation (15), particularly for high-speed doors, which may sig-
nificantly reduce infiltration.




Doorway Flow Factor

The doorway flow factor Dy 1s the ratio of actual air exchange to
fully established flow. Fully established tlow occurs only 1n the un-
usual case of an unused doorway standing open to a large room or to
the outdoors, and where cold outflow 1s not impeded by obstructions
(e.g., stacked pallets in or adjacent to the flow path in or outside the
cold room). Under these conditions, Dy 1s 1.0.

Hendrix et al. (1989) found that a tlow factor Dy of 0.8 1s conser-

ative for a 16 K temperature difference when tratfic flow equals one
entry and exit per minute through fast-operating doors. Downing and
Meftert (1993) found a flow factor of 1.1 at temperature differences of
7 and 10 K. Based on these results, the recommended flow factor for
cyclically operated doors with temperature differentials less than 1 1°C
1s 1.1, and the recommended flow factor for higher differentials 1s 0.8.




Effectiveness of Protective
Devices

The effectiveness £ of open-doorway protective devices 1s 0.95 or
higher for newly nstalled strip, fast-fold, and other non-tight-closing
doors. However, depending on the traffic level and door maintenance,
E may quickly drop to 0.8 on freezer doorways and to about 0.85 for

other doorways. Airlock vestibules with strip or push-through doors
have an effectiveness ranging between 0.95 and 0.85 for freezers and
between 0.95 and 0.90 for other doorways. The effectiveness of air
curtains ranges from very poor to more than 0.7. For a wide-open
door with no devices, £ =0 in Equation (11).




Loading Dock

] {

Frozen food storage Loading dock
-239C (-9°F) 4 to 8°C (39 to 46°F)

1:‘-"?‘- i -— :':::

FIGURE 18.13

Refrigerated loading dock to reduce refrigeration load in the low-temperaturespace.




EVAPORATOR

Chapter 6



Cooling at Evaporator




Flooded Air Coll

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

Increase in evaporating temper-

ature, °C per m (°F per ft)

Evaporating temperature | Refrigerant-22 | Ammonia
0°C (32°F) 0.774 (0.425) | 0.392 (0.215)
-40°C (-40°F) 2.81 (1.54) 1.77 (0.97)

Several advantages of flooded evaporators in comparison to direct expan-
sion are:

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, so
the temperature of suction gas entering the compressor is likely to be lower,
which also reduces the discharge temperature from the compressor.

Several disadvantages of the flooded evaporator in comparison to the direct-
expansion evaporator are:

e the first cost is higher

e more refrigerant is needed to fill the evaporator and surge drum

e oil is likely to accumulate in the surge drum and evaporator and must be

periodically or continuously removed. leg
FIGURE 6.11

A flooded air-cooling coil for low-temperature application.




Pump Liquid Recirculation System

Suction to
compressor

Accumulator

- -
- =

- -
Liquid in 1 ]

3 D Pressure

( - relief

relief valve valve
: (optional

" " e location)

Fig. 11-19 A multiple evaporator system emploving liquid recirculation (overfeed).

refrigerant
pump




External VS Internal Fin

About 12 FPI for above freezing
air-coill




External Variable Pitch Fins
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Evaporator TD
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Evaporator TD

Fig. 11-20 Variation in evaporator capacity with evapora-
tor TD.




TD & Humidity

TABLE 6.7
Typical temperature differences—entering air to refrigerant—for several applica-

tions.

Application tairin = trefrig
Below freezing | Storage and blast freezer | 5.5 to 6.5°C (10 to 12°F)
Above Low humidity 11 to 17°C (20 to 30°F)
freezing High humidity 2.2 to 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- | Large total area of coils, thus, large-size coils
refrigerant temperature and/or a iarge number of them. Additional coils
differences mean more fans and the sensible loads that their
motors impose on the refrigerated space.

Higher air-to-refrigerant Moderate total coil area, thus typical size and
temperature difference number of coils. Additional latent load imposed

in combination with on coils, because the water vapor introduced by the
humidifiers humidifiers must constantly be removed by the coils.




Effect of TD on Area

Note that TD is sometime called DT

ROOMTEMP. OUT-24"C
-20° C

e -28 _ 40000
577 X 20
DT= 8K DT = 4K
LOG DT =5.77K




Effect of TD on Area

Note that TD is sometime called DT

ROOMTEMP.
-20° C

L 3
i
EVAPOR.
TEmMp. =28 -28

DT= 10K DT = 6K
LOG DT =7.85K




Effect of TD on Area

Note that TD is sometime called DT

ROOMTEMP.
-20° C

40000
EVAPOR g -28 9.86X 20
DT=12K DT =8K
LOG DT =9.86K




Optimum Evaporating Temperature

Why the size of the evaporator is dictated by

Total

Optimum
Present value .7
of lifetime energy costs

Bva ralor

Costs reflected to present value

Evaporator area

FIGURE 6.13
Optimum evaporator area for minimum total of the first cost of the evaporator and the present
worth of the lifetime compressor energy cost.



Draw-Through/Blow-Through

Draw-Through has greater

throw/Blow-Through has the thermal
advantage

Draw-through Blow-through

FIGURE 6.36
Draw-through and blow-through arrangements of the fan and coil.




Suggested Location

=
Ha A

Fig. 11-25 Suggestions for location of unit coolers in walk-in refrigerators. (From
the ASRE Data Book, Design Volume, 1957-58 Edition, by permission of the American
Society of Heating, Refrigerating, and Air-Conditioning Engineers.)




Colil & Doorway Location

Refrigerated space Refrigerated space

Floor ' Floor

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




Frost on Coll

*** Undesirable Dehumidification ***

Background

@® Consequences of frost accumulatlon on an
evaporator coil:

= insulates coil surface which increases resistance to heat
transfer

+ decreased coil capacity
+ decreased refrigeration system efficiency

= increases air-side pressure drop
= increases weight of evaporator

@ Periodically, evaporators require a defrost




Effect of Frost on Air Pressure
Drop

Frost accumulation, 1b
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FIGURE 6.43
Air-pressure drop as influenced by frost accumulation for the coil described in Fig. 6.42.




Air Pressure Drop with Time
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FIGURE 6.44
Increase in air-pressure drop with time for coils of different fin spacing. The face velocity was

in the range of 3.2 to 3.4 m/s (625 to 675 fpm), and the entering relative humidity was 82%.
The fin spacings are: Curve g, 15 mm (1.7 fins/in); Curve $, 10 mm (2.5 fins/in); and Curve
¢, 7.5 mm (3.4 fins/in)?3.




Soft Hot-Gas Defrost Cycle

75 to 90 psig

UPFEED COILS (SINGLE RISER)

HOT-GAS DEFROST CYCLE ACTUATED BY AIRSIDE
PRESSURE SWITCH (PS) AT PREDETERMINED SETTING
(approximate 1 in. water gage)




Hot-Gas Valve Set
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CONDENSERS & COOLING

TOWERS




Closed Circuit Cooling Tower
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Evaporative Condenser

Eliminator plates

Sl i |
Discharge gas
fom compressor

Condenser

Condensed liquid
refrigerant

@ Mak

Blowdown
(\t
N \ '

FIGURE 7.11

An evaporative condenser.




Positioning the Condenser

Recirculation N\

T R,
(a) Undesirable (b) Undesirable

(c) Desirable

FIGURE 7.19

The condensers should be positioned so that the flow of entering air is not obstructed and as
little as possible discharge air recirculates to the entrance.




vaporative Condenser Piping

% PURGE VALVE
COMPRESSOR

DISCHARGE
LINE

FULL-SIZED
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VALVE
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LIQUID LINE
TO SYSTEM
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b VALVE Tya vE
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RECEIVER

Fig. 35 Piping for Parallel Condensers with
Top Inlet Receiver




Installation on Roof Deck




Evaporative Condenser vs Water
Cooled Condenser + CT

P PR PP Id

548 kW (1,870,000 Btuw/hr)
Condensing temperature, 35°C (95°F)

Evaporative

‘_
condenser Air wet-bulb temperature

25.6°C (78°F)

Air wet-bulb
tf:mpera.tur%
25.6°C (78
Refrigerant GER)

548 kW (1,870,000 Btu/hr)
Condensing temperature
40.6°C (105°F)

Water-cooled
condenser

FIGURE 7.12

}\c}ugvnng a lower condensing temperature with an evaporative condenser in comparison to the
combination of a water-cooled condenser and cooling tower.




Effect of WB on Performance of EC

Wet-bulb temperature, °F

=y
&
§4.
Q
g1
&

Wet-bulb temperature, °C

FIGURE 7.13
Relative heat-rejection capacity of an ammonia evaporative condenser as a function of the
condensing and wet-bulb temperatures. The reference point is a 35°C (95°F) condensing tem-

perature and a wet-bulb temperature of 25°C (77°F).




Alr In Condenser

From compressor

+ Noncondensables

FIGURE 7.22

Noncondensables in a condenser.




Condenser Sizing

Standard-size
condenser

Large-size
condenser

Ambient
wet-bulb

%.
g
=

Refrigeration load

FIGURE 7.35
Condensing temperatures as affected by the refrigeration load and the condenser size.




Condenser Heat Recovery

@® High pressure gas
Heat @ Liquid refrigerant
E%?Pvery > Suction gas

EPR valves, suction filters,
service shutoff valves and
oil system not shown.

System circuits

Liquid
Ambient controlled fans manifold

—_—

Heat Check Remote Condenser ] Suction

recovery valves [= i {~ manifold
valve

—_—

Gas bypass line | Downstream
| pressure
| regulator

Receiver

Upstream
pressure
regulator

2, 3 or 4 Compressors

Fig. 14-30 Basic parallel system with remote air-cooled condenser and heat recovery.
(Reprinted by permission of Tyler Refrigeration.)




COMPRESSOR

Screw Compressor PATKOL
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FIGURE 4.15

Coefficient of performance and horsepower per ton as a function of the evaporating and con-
densing temperatures.




Variable-volume Ratio
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FIGURE 5.16

Maintaining peak compression efficiency with a variable-volume ratio device during changes in

the pressure ratio.




Variable-volume Ratio




Olil Cooling

Compressor

Recelver

FIGURE 5.19

Oil cooling using an external heat exchanger rejecting heat to water or antifreeze.




Olil Cooling

Thermosyphon
receiver

=
3

FIGURE 5.24
A thermosiphon oil cooling installation where the level of the system receiver is at or below
the level of the heat exchanger, requiring an additional receiver.




Thermosiphon Oil Cooler

CONDENSER

COMPRESSOR )
DISCHARGE Notes:

This is a typical thermosiphon arrangement.
3 Other layouts may be better suited to a

GAS EQUALIZATION specific installation.

VENT) LINE

( ) — - 1. Shutoff valves to be added as required
for isolation.

EQUALIZE TO 2. Complete isolation of oil cooler requires
SYSTEM RECEIVER liquid-state safety valve

HEIGHT TO
OVERCOME
CONDENSER
PRESSURE STOP

TO SYSTEM
RECEIVER RECEIVER

6 ft MINIMUM

-
|

k k k k k

THERMOSIPHON THERMOSIPHON THERMOSIPHON THERMOSIPHON THERMOSIPHON
COOLER COOLER - COOLER COOLER COOLER

_—
-

Fig. 24 Typical Thermosiphon System with Multiple Oil Coolers




Heat Rejection by Oil Cooling
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FIGURE 5.25
Percentage of heat input (total of refrigeration load and compressor power) that is absorbed

by the injected oil in a screw compressor.







Categories of Piping

TABLE 9.1

Categories of piping.

Role

Pressure drop

permuited

Geometric

requurements

Compressor discharge

Moderate

From high-pressure
receiver

Moderate

Limited increase
in elevation

In liquid recirculation
aystems:
From pump to
evaporators
Retumn to low-
pressure receiver
Vertical risers

Liquid

Liquid/vapor
Ligquid/vapor

Moderate

Low
Low

Pitch downward

Suction to compressor

Vapor

Low, except
for oil return

Trap for o1l retum in
direct-expansion syatermna

Hot-gas lines for delrost

Vapor

Moderate

Trap for liquid
removal




Effects of Pipe Size

The pipe size exerts a dramatic influence on the velocity and pressure drop.
Equation 9.2 can be modifed to show that

Vo _ (D_)
Vi \Dy

so 1f the diameter if reduced by 50%, the velocity increases to four times its
original value for a given volume flow rate. When the velocity effect 1s inserted
in the pressure drop equation and combined with the appearance of D in the
fL/D group, the ratio of the pressure drops varies inversely as the diameter to

the 5th power,
23 (2)"-(3)
Apr Dy \ Ds Dy

Reducing the pipe size by 50% causes a 32-fold increase in the pressure drop,
showing that the pressure drop 1s extremely sensitive to the pipe size.




Optimum Pipe Size

£
:
:
£

C,Ap, Present worth of
MPressor energy

FIGURE 9.3

Optimum vapor pipe size at the minimum of the sum of the first cost of the pipe and

present worth of the lifetime compressor energy costs.



Selecting the Pipe Size

Suction to compressor. The total drop In saturation temperature 1s
usually chosen to be 0.5 to 2°C (0.9 to 3.6°F). The exceptions are vertical
risers both for halocarbon direct expansion and for ammeonia liquid over-
feed coils. For halocarbon direct-expansion systems the velocity of the
refrigerant vapor must be high enough to convey oil back to the compres-
sor. For ammonia liquid-overfeed coils the vapor velocity in the riser must
be high enough to blow the liquid out so that it doesn’t fill the riser.

Discharge from compressor to condenser. The total drop in saturation
temperature 1s usually chosen from 1.0 to 3.0°C (1.8 to 5.4°F). A given drop

In saturation temperature in the discharge pipe 1s slightly less penalizing in
compressor power than the same drop in temperature on the suction side.




Selecting the Pipe Size

High-pressure liquid. A pressure drop in this section may exact no pen-
alty whatsoever on system performance, because the pressure drop that
does not occur in the pipe will take place in the expansion device or level-
control valve. The expansion device provides the final reduction of pres-
sure to the intermediate pressure (in two-stage compression) or to the
low pressure (in single-stage compression). The concern about pressure
drop 1n this line arises more in assuring that the pressure does not drop
to the saturation pressure corresponding to the existing refrigerant tem-
perature. Were the pressure to drop to that point, the liquid would flash
into vapor, aggravate the pressure gradient, and possibly restrict the flow
through the expansion device. Refrigerant velocities chosen for liquid lines
range from 1 to 2.5 m/s (3 to 8 ft/s).

Liquid/vapor return from evaporators to low-pressure receiver.
The line from the evaporators back to the low-pressure receiver in liquid
recirculation systems carries a mixture of liquid and vapor. Calculations
of pressure drops in the flow of liquid/vapor mixtures, while possible, are
complex. To avoid cumbersome calculatons, yet still make allowances for
the presence of liquid, some designers choose the line size, first by deter-
mining the appropriate size if the pipe were carrying only vapor, then
step up to the next pipe size to allow for the combined flow of liquid.




Selecting the Pipe Size

Hot-gas defrost lines. To make an intelligent choice of pipe size, the
required flow rate of hot gas as a function of the evaporator size should be
known. A rough estimate of the hot-gas flow rate 1s that it 1s twice the
refrigerant flow rate used during refrigeration service. With this assump-
tion, the recommended sizes of ammonia hot-gas branch lines proposed
by Hansen?® use as a basis a velocity of 15 m/s (3000 fpm) with 21°C (70°F)
hot gas. This velocity would be appropriate for hot-gas branch lines serv-
Ing a single evaporator of a cluster of evaporators defrosted at the same
time. The hot-gas mains may be sized for carrying half the total of all
connected evaporators on the assumption that no more than half the evapo-
rators would be defrosted at one time.

Recent efforts to operate plants with as low a condensing temperature
as possible impacts the desired size of hot-gas lines. The ultimate criterion
1s the saturation temperature at which the defrost gas can condense in
the evaporator being defrosted, so the drop 1n saturation temperature in
the hot-gas line reappears as the most appropriate basis for selecting the
pipe size. As the condensing temperature of the plant drops, the defrost
gas becomes less dense, and when the condensing temperature of the
plant drops from 35°C (95°F) to 15°C (59°F), for example, the drop in
saturation temperature for several common refrigerants doubles®.




Rising of Liquid Line

Em

(26.2 ft)

FIGURE 9.4

Liquid line riser in Example 9.4.




Downward Sloping

(b)

FIGURE 9.5

Downward pitch of the liquid ammonia line in Example 9.5: (a) where the pressure drop
due to friction is precisely canceled and (b) where the slope is greater and the line runs
partially filled with liquid.




Avoiding Drainage

qumwvapor
suction line

Evaporators

Compressors
FIGURE 9.6

Slope of vapor lines and branch connections from evaporators and compressors.




Sizing of Wet Return Line
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FIGURE 9.11

Liquid/vapor return line that is (a) horizontal and (b) sloped slightly in the direction of flow.

The designer must select the size of and compute the pressure drop in the
' ] 1 shown in Fig. 9.11. The classic method for computing
se, liquid,-“'x apor flow in horizontal lines is the




Lifting Liquid From The
Evaporator in Vertical Risers
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FIGURE 9.12
(a) Low vapor velocity in a liquid/vapor riser resulting in a high liquid fraction and (b) vapor
velocity high enough to blow most of the liquid out of the riser.




Optimum Velocity In Riser
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FIGURE 9.14

Optimum velocity in riser when lifting liquid with the flow of vapor.




Optimum Riser Sizing

TABLE 9.6
Evaporator capacities resulting in minimum pressure drops for vertical risers with
various pipe sizes and eirculation ratios. The refrigerant is ammonia at -40°C (-40°F).

Circulation Pipe diameter of riser, mm (inch)

2.5 18.6 kW 34.8 53.4 90.0 184,2 324 513
(5.3 tons) | (9.9) (15.2) | (25.6) (52.4) (92.2) 146)

3.15 17.6 kW 32.7 50.3 87.9 173 305 4872
| Vo] 69 | oo | oo | wy | @y | dm
16.9 kW 31.3 48.5 84.4 167 293 464
" v o | atn | cto | aro | o |
3.0 16.2 kW 30.2 46.8 B1.2 1860 282 447
| ] [ e [ e | e | dm




Lifting Liquid From The
Evaporator in Vertical Risers
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FIGURE 9.13
Lifting liquid from the outlet of the evapora




Pipe Safety

Choice of pipe and fittings. Regardless of pressure, the pipe should be
Schedule 80 for 1-1/2-1n size and smaller. Use Schedule 40 pipe for 2- to
6-1n lines and Schedule 20 for 8- to 12-1n lines. It may seem 1llogic
specify the thick Schedule 80 pipe for small diameter, but the reason is
not to better contain internal pressure, 1t 1s to provide more rigidity should
a heavy weight fall on or against the pipe. Joints 1in pipe of size 1-1/2-1n
and larger should be welded, not threaded. In fact many contractors weld
all joints 1n 3/4-1n pipe and larger.

Support and anchoring of pipe. Pipe hangers should be of the trapeze
type and all hanger materials should be galvanized or painted. Hangers
should be attached to the building structure or primary supports. Pipe
hangers should be placed not more than 3 m (10 ft) apart and should be
located not more than 0.7 m (2 ft) from each change of direction. Supports
of piping on roofs should be sturdy, painted, or galvanized. The support
should rest on a concrete paver or wood sleeper with the roof beneath
protected by a membrane material.




Pipe Safety

* Location of pipe runs and valves. When possible, long lines between
the machine room and refrigerated space should be run on the roof. When
pipes must be inside storage or process areas, they should be in protected
locations. Valves should be located in and out of each component of the

same size as the connecting pipe. Hand valves should close against the
flow, and the stems should be oriented horizontally. Screwed connections
to valves should not be used for sizes larger than 1 in. Horizontal piping
shall have only tric reducers with the straight sides on the bottom,
except at a pump inlet where the straight side should be on top.

Cleanliness of pipe. For installation, the pipe must be clean, new and
free of rust, scale, sand, and dirt. Pipe should be stored inside, out of the
weather and the ends should be capped. Some contractors install a lib-
eral number of filter/driers which are replaced periodically.




Piping Materials

Copper i1s the material almost universally used for halocarbon piping, with no
low-temperature limitations in industrial refrigeration practice. For ammonia
systems, since copper 1s not acceptable, all pipe 1s steel in one form or another.
While aluminum is often used for the tubes of air-cooling coils, 1t 1s hardly ever
used for liquid and vapor piping in a plant. Cast iron pipe should not be used
and wrought iron pipe should not be used for liquid lin

.(__._.-(_)1111_15[1‘(:31_1 tc or A A:?“d pipe 1s app1‘(:):~:1111at-el}-*
» the the cost or 1s even higher fm' valves and fittings.

for ammonia and h}- drocarbons.




Piping Insulation

The cost of the insulation of low-temperature pipe 1s usually of the same order

of magnitude as that of the pipe itself. Also, since the diameter of the insulated

pipe may be twice or three times that of the pipe itself, the designer must provide
ent sy for the complete assembly.

5 are essential for low-temperature pipes. In contrast to the

water vapor path through the insulation of a refrigerated building which enters

the insulation from the warm outdoors and eventually 1s extracted by the coils
> there 1s no outlet for the water vapor that enters pipe
1son, the water vapor retardation should be as effective
as possible for prolonging the life of the insulation. Some specifications® for
insulation on low-temperature pipe include.
Jover the insulation with vapor-retarding jackets with a perm rating of
or less.
The supports must not be in contact with the piping.
The thickness of insulation must be sufficient to maintain the insulation

surface temperature above the dewpoint. Isocyanurate or Styrofoam are
recommended.

Since the cladding, insulation, and the pipe all have different cc
of thermal expansion, double-layer application is sug d for extremely
low temperature insulation with staggered joint construction.

Pack contraction joints with flexible insulation material.




Any Question?
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