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Cold:

The absence of heat:

—You cannot “make” cold — you can only remove
heat.
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Heat:

Heat is the transfer of kinetic energy from one
medium or object to another, or from an energy
source to a medium or object:

— Measured in BTU ( British Thermal Unit) —the amount of
heat required to raise the temperature of one pound of
pure liquid water by one degree Fahrenheit.
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Refrigeration:

Refrigeration is a process of moving heat from one
location to another

— Low Temp — frozen
— Medium Temp - perishable
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Heat Transfer:

Heat transfer always occurs from a region of high
temperature to another region of lower temperature.
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Heat Transfer:
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Methods of Heat Transfer:

 Conduction: The transfer of heat within a solid or between solid objects, can only be by conduction. It’s due the motion of
electrons. The hot molecules vibrate faster against the cool molecules causing them to heat up. Heat transfer is always from
hotter to cooler objects. If one end of any object or material is heated, the heat will pass through the other end. Gases and
fluids are less conductive than solids.

 Convection: It is the transfer of heat by the movement of fluids. Air or water, which is being heated directly, becomes less
dense and rises up. The cooler part of the fluid settles down to replace it. This cooler fluid then heats up and forms
convection current. Convection is the main form of heat transfer in liquids and gases.

e Radiation: Thermal radiation is the transfer of heat through empty space by electromagnetic waves. All objects above zero
degree temperature radiate energy. Radiation does not require any medium, as it is transferred by electromagnetic waves
and can take place even in vacuum. The heat energy from the Sun travels through the space vacuum by radiation before
warming the earth.
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Refrigerant:

A refrigerant is a substance or mixture, usually a fluid, used in a
refrigeration cycle. In most cycles it undergoes phase transitions
from a liquid to a gas and back again.

When a liquid changes state to a vapor it absorbs heat from the
surrounding environment.

- “Secondary” (Glycol, CO,, etc.) generally do not require a
change state
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Pressure Temperature Relationship:

Gay-Lussac’s Law

Temperature and pressure are directly proportional to each other. This means that as the
temperature decreases, the pressure also decreases, and as the temperature increases,
the pressure increases.

One way to think of this is if you increase the speed of the molecules — by increasing their
temperature — the force of the molecules hitting their container increases and increases
the pressure.
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 Refrigerant trapped in a container is in a Saturated State. This
means that fluid is evaporating and condensing at the same rate so
there is no change in the pressure or temperature of the fluid

during this process.

* When the evaporated vapor is allowed to escape it will take heat
with it, lowering the temperature and pressure.

e |fvaporis added to the container it will inject heat, raising the
temperature and pressure.
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Pressure Temperature Relatlonshlg

By Controlling the pressure we can control the saturation
(boiling/evaporation) point and temperature.
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Pressure Temperature Relationship:

TEMPERATURE - PRESSURE CHART

PRESSURE-POUNDS PER SQUARE INCH FOR HCFC-22 REFRIGERANT

TEMPERATURE °F | PRESSURE PSI  TEMPERATURE °F | PRESSURE P31  TEMPERATURE °F | PRESSURE PSI
=40 0.5 15 3T 44 74.5
-39 2.6 16 a8.7 45 6.0
=30 4.9 17 39.8 46 Tr.6
=25 7.4 18 40.9 47 79.2
=20 10.1 19 41.9 48 808
=18 11.3 20 43.0 49 824
-16 12.5 21 44 .1 50 84.0
-14 13.8 22 453 55 926
=12 15.1 23 A6.4 80 101.6
=10 16.5 24 A7.6 B5 111.2
-8 17.9 25 48.8 70 121.4
-6 19.3 26 49.9 75 132.2
=4 20.8 27 51.2 80 142.6
-2 22.4 28 52.4 85 155.7
1] 24.0 29 53.6 20 168.4
1 24.8 30 54.9 95 181.8
2 25.8 31 56.2 100 195.9
3 26.5 32 57.5 105 210.8
4 27.3 33 58.8 110 226.4
5 28.2 34 60.1 115 242.7
(5] 28.1 35 B1.5 120 258.9
I 30.0 36 62.8 125 2{7.8
8 30.9 37 64.2 130 296.8
9 31.8 38 65.6 135 316.6
10 32.8 33 B7.1 140 J37.3
11 33.7 40 68.5 145 358.9
12 34.7 41 70.0 150 381.5
13 35.7 42 71.5 155 403.1
14 36.7 43 f3.0
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Pressure Temperature Relationship:

A Few Exceptions....
- Superheated Vapor
- Subcooled Liquid
- Trans-Critical
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The Mechanical (DX) Refrigeration Cycle

Compressor \)% m
'- Typically
| Outdoors
Evaporator — Typically — > P Condenser
e — - ——

4%

Metering Device / -E-E.']-i-i" .‘
Sight Glass / Filter / Drier
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Metering Device / raes I -
Sight Glass / Filter / Drier

faciiity



THE VOICE OF FOOD RETAIL =

Fvi ([T gy 8 Sore 1L G (~ 2

Development Conference

The Compressor

Exhaust Port
to Condenser

Exhaust Valve

Reciprocating Semi-Hermetic - Most Common
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The Compressor

Scroll - Hermetic
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The Mechanical (DX) Refrigeration Cycle
Compressor \)%

Evaporator —

Condenser

4%

Metering Device / -E-E.']-i-i" .‘
Sight Glass / Filter / Dgfer
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The Condenser

Air Cooled — Most Common
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The Condenser

Water Cooled
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The Mechanical (DX) Refrigeration Cycle

Compressor \)% m

Evaporator —

Metering Device

aerEreee [l
Sight Glass / \Filter/Drier
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The Metering Device

BB FRESSURE

Thermostatic Expansion Valve - Most Common
faciiity
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The Metering Device

Electronic Expansion Valve
- Becoming More Common faciity
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The Mechanical (DX) Refrigeration Cycle

Compressor \)%

Evaporator

Metering Device /

e -
Sight Glass / \ Filter / Drier
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The Mechanical (DX) Refrlgeratlon Cycle

- -
Super-heated low %
pressure vapor \ |
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Super-heat

Saturated Suction
Pressure 43 PSI

The difference between the actual temperature

of the refrigerant vapor and the calculated

temperature of the vapor (calculated using PT

Chart) TEMPERATURE - PRESSURE CHART

PRESSURE-POUNDS PER SQUARE INCH FOR HCFC-22 REFRIGERANT

Actual Temperature
30°F

TEMPERATURE F | PRESSUREPSI  TENPERATURE F | PRESSUREPS!  TEMPERATURE °F | PRESSUREPS
=40 0.5 15, 377 44
35 26 16 387 45 76.0 : -
o 30 49 17 308 46 776
EXampIe. =25 7.4 18 40.9 47 9.2
-20 104 c 48 80.8
-18 11.3 20 43.0 49 824
R - 2 2 -16 12.5 e 50 84.0
-14 13.8 22 453 55 926
a2 |15 2 Y 60| 1016
40 165 24 476 65 | 112
3 179 25 488 0| 1214
-6 18.3 26 499 75 132.2
43 PS| = 20°(calculated) L a T —w s
- 2 224 2 524 8. | 1557
0 240 29 536 90| 1684
I YT 30 549 o5 | 1818
2 256 3 56.2 100|185
3. | 265 32 575, 105 | 2108
o N T Y7 33 588 1m0 | 2264
30 — 20 — 10 Superheat 5 26,2 34 0.1 15| 2427
6 29,1 35 61.5 120|599
7 300 3 628 125|219
8 209 a7 64,2 10| 2068
9 318 3 655 135 | 3166
10 328 39 6.1 140 | 3373
T 337 40 665 45| 3589
2 347 4 700 150 | 8815
13 3.7 42 715 155|405
14 3.7 43 730
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The Mechanical (DX) Refrigeration Cycle

-
%/ High Pressure Vapor

=

aer e [

/

High Pressure Sub-Cooled Liquid facility
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TEMPERATURE - PRESSURE CHART

°
u - ‘ O o I n g PRESSURE-POUNDS PER SQUARE INCH FOR HCFC-22 REFRIGERANT - . 3 J

TEMPERATURE °F | PRESSURE P8I  TEMPERATURE °F | PRESSUREPSI  TEMPERATURE °F | PRESSURE PSI

The difference between the calculated @B & w

-16 12.5 21 44.1 50 84.0

-14 13.8 22 45.3 55 926

temperature of the liquid refrigerant ( calculated — = e o
using PT Chart) and the actual temperature of P — T
the liquid refrigerant s =

18.3 25 49.9 75 132.2
20.8 27 51.2 80 142.6

265 32 575 . ... 106 [ 2108

213 33 588 10| 2264
28.2 34 60.1 115 242.7

23.1 35 61.5 120 259.9
30.0 36 62.8 125 277.9

308 37 4.2 130 296.8
3.8 38 65.6 135 316.6

E X m I : 10 32.8 39 67.1 140 337.3
ampie - ——— i ——— Actual Temperature

12 347 41 700 150 3815
R - 2 2 13 37 42 715 185 405.1 o
14 43 730 8 5 F

36.7

182 PSI = 95 degrees ( calculated)

95 — 85 =10 Degrees Sub-cooling Discharge

Pressure 182 PSI
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Super-heated low
pressure vapor
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High Pressure Sub-Cooled Liquid facility
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Effects of Temperature on capacity
Condanalng Temperaturs °F
{IH_DI'IIF“E Preasurs, peig) PL Preasure, paig)
~10B{TT) DLli2s) e 0E49] S 55 J6.0:E2)
T7,.60b 138,000 153,000 170,000
10,7 D 13,200 13,600 13,200
184 A5 2119 213
1,070 1,340 2,180 2410
T2 10.4 112 123
B8z e9.0 e4.7 BHZE
32,600 147,000 163,000 181,000
10,1 02 12,0 12,500 12,0
1.7 22 205 r. 1§ Z1.0 2.0
1, i 1,980 2210 2480 £, 3,030
BE & 895 103 114 120 131 143 156 171
BH.E BE S B53.0 BHE BE.2Z 67.7 LT | B b5 2
34,000 1 W, DDsD 112,000 1.2 000 157,000 174,000 193 000 213 000 235, N0
8,650 B a0 10,300 10,00 11,100 11,3040 11,400 11400 11,300
1714 ) P 18.0 183 187 18.5 191 192 152 192
1,128 1278 140 1 530 1,510 2030 2260 2510 Z,=0 3. 100
5l 160 109 118 125 14.1 15.4 165 17 2.8
BE T 68.1 6b6.3 &8

BE.1

675

T

B7.0

654
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Parallel System:
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Secondary System (CO,):

SNLT2

CO2 Low Temperature Secondary Coolant Technology

CONDENSER AND
HEAT RECLAIMLOADS ~~~_

~

RECEIVER
LOW TEMPERATURE

o PRIMARY HFC SYSTEM

SLHE e _J

Evaporator/Heat Exchanger
)

1
]
§ LTLOADS
v
LOW
LEGEND L 1QUID-VAPOR TEMPERATURE
HFC Discharge Gas SEPARATOR SC EOC%I:.I’gfr\ERhYﬂ
HFC Liquid \ )
HFC Suction Gas
SOLENOID
VALVES
€O, Vapor o, PUMP
CO, Liquid /
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CO, Cascade

SNLTX2 e )

CO2 Direct Expansion

Cascade Technology <
: RECEIVER CONDENSER > ~
MEDIUM
|2-| TEMPERATURE
oL PRIMARY
) SEP. HFC SYSTEM

SLHE

o)

CONDENSER-
EVAPORATOR
<
h
©
OIL
SEP. Low
TEMPERATURE
= CASCADE SYSTEM
SLHE %
-
| | 1

LEGEND
LOW TEMP

HFC Discharge Gas LOADS

HFC Liquid

HFC Suction Gas m‘i m‘i ﬂ"i i

CO, Discharge Gas

CO, Liquid —
CO, Vapor
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CO, Trans-critical

CO2 Critical Point:

heat recovery gas cooler
1067 PSI — 88°F T 0
A M
B
medium temperature > | | = SRER »

COMPressors high pressure

control valve
medium temperature
evaporators

heat recovery, A expansion

Intermediate cooling valve
— B low temperature
evaporators
O on |
expansion

low temperature < &; valve

compressors
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Questions?

Jim Kirk
jkirk@facilitysource.com

facilitysource

www.facilitysource.com
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