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Commercial Refrigeration is a science
of vague assumptions, based upon
debatable figures, taken from
inconclusive experiments, performed
with instruments of problematical
accuracy by persons of doubtful
reliability and questionable mentality
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Cooling by the
removal of heat

unobjectlonable

What is Refrigeration?
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What is heat? A form of energy

What is cold? Absences of heat.

How does heat High heat to low heat
flow?

Does cold
flow?

- Thermal Unit (BTU)
measured?
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Heat is a form of energy and is measured
L in BTU'’s.
British Thermal

Unit
(BTU)

e quantity of heat required to
mperature, of one pound of
degree Fahrenheit.
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1. Heat flows from high energy levels to
a lower energy level.

2. Heat will not flow without a
temperature difference

3. The greater the temperature
difference, the faster the energy will
flow.
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Radiation
Heat Flows _
Three Ways Convection

e Conduction
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Heat Flows in Three Ways

Convection Conduction
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Conduction
® The transfer of heat
from molecule to 4 I
molecule through a Heat conducts through the pipe

until it is heated evenly.

substance is called
conduction

® Movement of heat
continues until a
temperature balance
is achieved throughout
the entire material
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Convection

® The transfer of heat
from one place to
another by movement of
molecules

® Portions of a substance
are set in motion, forming
currents

® Air in a refrigerator
moves by convection
(often aided by a fan)
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Radiation

® Radiant heat is absorbed
from a physically separated
source without affecting the
space in between

® When radiant heat is
absorbed by a material, itis & s
. . v N :
converted into sensible heat Qg&, %
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Specific Heat 1

The amount of heat (measured in BTU’s)
required to raise one pound of a substance
one degree Fahrenheit.

Specific Heat

Temp Rise (Deg F)

Substance (BTU/LB/Deg F) | (From 1 BTU Addition)
Water (Liquid) 1.00 1.00
Apples 0.87 1.15
Beef, Ribs 0.67 1.49
Frog legs 0.88 1.13
Milk 0.90 1.11
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Physical State of a Substance




Heat Energy

1.

Sensible
Heat

Latent
Heat




2. Causes a change in temperature, with
No change in state.

‘Sensible
. Heat

3. Sensible heat causes an increase in
molecular motion.

4. The addition or removal of sensible
heat iISs measurable with a thermometer
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1. Is the energy of molecular
separation and arrangement.

2. Causes a change in state, while
there is No Change In Temperature.

3. It can not be measured with a
thermometer.
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(Deg. F.) (Deg.C.)

250 —

212 200— 100

Heat Energy is added to
One Pound of Water

152 —

It takes a total of 1164 BTU’s
to change One LB of ice to steam

32

— 100 200 400 600 800 1000 1100 1200 BTU’s
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Refrigeration

Mechanical The majority of heat is The majority of the
refrigeration works by removed from the absorbed heat is
changing the state of temperature removed from the

the refrigerant. controlled space as refrigeration system in
the refrigerant the condenser as the
absorbs heat when it refrigerant changes
changes state from a state from a gas back
liquid to a gas in the to a liquid.

evaporator.



Saturation Temperature

LU Cl s, Add Heat = Liquid to Vapor
which a substance (Vaporization)

will change state
from a liquid to a
vapor or a vapor to o
a liquid

Heat = Vapor to Liquid
sation)
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Saturated Mixture

At a temperature Addition of Heat = Boiling

equal to it’s boiling
point or condensing
point, a substance o]
can be both vapor
and liquid. eat = Condensing



100% Liquid, no vapor present

At a temperature
below it’s boiling point©
a substance is: water @ 200° F. What is the
f water?

ooled liquid
ooled by 12° F.



100% vapor, no liquid present

At a temperature above
it’s boiling point, a O

substance is: water @ 220° F. What is
te of water?

r heated vapor (steam)
r heated by 8° F.
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(Deg. F.) (Deg.C.)

A mixture of vapor

250 — and liquid. 100 % vapor
*1% Tzo00 197 - There is no

100 — 100 % liquid  saturation Temperature of Water

- There is no is 212 F. (100 C) at Sea Level

50 — vapor. (0 PSIG / 14.7 PSIA)
32 o

25 —

100 200 400 600 800 1000 1100 1200 BTU’s



Energy & Store Development Conference

=\ \ ~: THE VOICE OF FOOD RETAIL m
& "..'_.-'_ » )

Pressure

Force Per Unit of
Area
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Pressure Movement

8=

How does pressure flow?

® @
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A Medium to move heat

substance that absorbs heat by
vaporating at low temperatures and
ressures.

What is a
refrigerant?

up heat by condensing at
eratures and pressures
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Pressure as it relates to Temperature

Temp. REFRIGERANT
°F ‘R-dﬂdPJR-MﬂA R-22 |R-T44|R-T17 . REFRIGERANT

(HP62)| (AZ-20) (COz) | (NH3) i R-404AR-410A] R-22 |[R-744 |R-T17
104 2506 | 337.1 | 207.7 210.9 (HP-62) | (AZ 20) (CO) | (NH3)
105 2542 | 3419 | 2108 214 .4 17 515 | 73.2 | 399 | 388.0 | 304
106 2578 (3467 | 2138 217.9 18 527 | 749 | 409 | 3943 | 314
107 2614 | 3515 | 216.9 2915 19 540 | 766 | 42.0 4007 | 324
108 26511 356.5 [ 220.0 295 1 20 553 | 78.4 | 431 [407.2 | 335
109 268.8 | 3614 | 2232 228.8 ;;_ :gg :ﬂ; :gi :;gj g;z
110 £AZ.05| 366.4 B 232.5 23 593 | 837 | 465 |427.1| 36.8
111 276.3 | 371.5 | 229.6 236.2 24 60.7 | 855 | 47.6 | 4338 | 37.9
112 260.1 | 376.6 [FEdE6 240.0 25 62.1 | 87.4 | 48.8 | 4407 | 39.0
113 284.0 | 381.8 | 236.1 2439 26 635 | 89.2 | 50.0 | 4476 | 40.2
114 287.9 | 387.0 | 2394 247.7 27 649 | 911 | 512 | 4546 | 414
115 291.8 | 392.3 | 242.8 251.6 28 66.4 | 931 | 52.4 [461.7 | 426
116 2958 | 397.6 | 246.1 255.6 29 678 | 950 | 537 |468.8 | 433
117 299.8 | 403.0 | 249.5 259.6 30 69.3 | 97.0 | 55.0 [ 476.1| 45.0
118 3038 | 408.4 | 253.0 263.7 31 708 | 990 | 56.2 | 4834 | 46.3
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Refrigerant Other Names/Components ODP

Past R-22 Freon-22 (HCFC) 0.055
I R-404A R-125/143a/134a, HP-62 0

Maiority

s"','sf:n"l's | R-507 R-125/143a, AZ-50 0
— R-407A R-32/125/134a, Klea-60 0
Uther R-407C / 407F R-32/125/134a, Klea-66 0
nr‘;:lri:'s“ ‘ R-422A R-125/134a/600a, Isceon MO-70 0
— R-422D R-125/134a/600a, Isceon MO-29 0
R-410A R-32/125, AZ-20, Puron 0
( R-744 CO, 0
R-717 Ammonia, NH3 0
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Components Mfrigeration cycle

out
TTTI
Condenser
“Flow Expansion
r-ﬁq valve
High Pressure
— ga% [ O |
High Pressure
liquid
Low Pressure
gas/Liquid
-~

\L,S‘F',"o':ressure Compressor

Evaporator

Heat in
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High Pressur,
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High Pressyre
liquid
Low Pressu
gas/Liquid

g l\;g;volr:’ressure ompress

Expansion
valve
/)
«:, H;a-t I-n-s
S

Evaporator
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Condenser
Expansion
s valve
High Pressure
. gas o /!
High Pressure A S emsm
liquid 2 . Heatln
Low Pressure S|
gas/Liquid N
-~ \
T TesU®  Compressor

Evaporator
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Super Heated e
Discharge Gas
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Condenser
“Flow Expansion
X valve

High Pressure
& gas O .

High Pressure P

liquid O ¢ Heatln 1
B Low Pressure g

gas/Liquid "\ |

I — \

W [owPressue  Compressor

Evaporator
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Pressure as it relates to Temperature

Pressure Entering TXV

Tomp. REFRIGERANT Pressure Leaving TXV
°F R-404AR-410A R-22 |R-T44 | R-71T T REFRIGERANT

(HP 62)| (AZ-20) (CO2) | {NH3) ‘i“F‘"' R-404AR-4104] R-22 [R-744 |[R-T17T
104 250.6 | 337.1 | 207.7 210.9 (HP62) | (AZ.20) (CO2) | (NH3)
105 254.2 | 341.9 | 210.8 214.4 17 515 | 73.2 | 39.9 | 388.0 | 304
106 257.8 | 346.7 | 213.8 217.9 18 Rd-02.7 | 74.9 [ 409 | 3943 | 314
107 261.4 | 3515 | 216.9 2215 17 240 420 | 400.7 | 32.4
108 265.1 | 356.5 | 220.0 225.1 E\ 2l E) ﬁ; :‘E: :::
109_& 20898614 | 223.2 228.8 22 58.0 | 819 | 45.3 | 4204 | 356
'”6\ 2725 | 366.4) | 226.4 232.5 23 59.3 | 837 | 465 | 427.1| 36.8
111 276.3 3715 | 229.6 236.2 24 60.7 | 85.5 | 47.6 | 433.8 | 37.9
112 280.1 | 376.6 | 232.8 240.0 25 521 | 874 | 488 |4407 | 350
113 284.0 | 3818 | 236.1 2439 26 635 | 892 | 500 | 4478 | 402
114 2879 | 3870 | 2394 247.7 a7 649 | 911 | 512 | 4546 | 41.4
115 291.8 | 392.3 | 2428 251.6 28 66.4 | 931 | 52.4 | 4617 | 426
116 295.8 | 397.6 | 246.1 255.6 29 67.8 | 950 | 537 |468.8 | 438
117 299.8 | 403.0 | 249.5 259.6 30 69.3 | 97.0 | 55.0 | 476.1 | 45.0
118 303.8 | 408.4 | 253.0 263.7 31 708 | 99.0 | 56.2 | 4834 | 46.3
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Condenser
“Flow Expansion
High Pressure =
= gas o .
High Pressure 27 oo wmim
liquid i ' Heatln 1
Low Pressure .
gas/Liquid B
Jl Low Pressure o — !

vapor Compressor
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Superheated Passes

Liquid Sub-Cooling Passes

n A 6 Fins per Inch

Air Flow

Liquid Inlet

Liquid Outlet
to TEV

—— Suction Outlet

Refrigerant Flow

Distributor Tube Inlet Connections
(Front to Back)
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Air flow
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Honeycomb
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Directed to
Air curtain

T

* Directed to

/_‘\ Case




Discharge

Air Curtain

Heat f_mm product |

& Ambient heat rejected

~ Caoil

- _

Heat removed from case



\ Load Limit
“«
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High Pressure gas to condenser
High Pressure liquid from condenser

Low Pressure Liquid to evaporator

Compressor

System

B Remote Low Pressure Vapor from evaporator
k
Condenser Outside
\l/ Inside
e_
> - Re.frlg.era.tlon Lines
Liquid line to case
[ ] Suction line from case
Walk-in Prep _
Display Cases
| |

How the components tie together
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Questions




