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Refrigeration and the 
Vapor Compression Cycle

E134 – Running a Rankine cycle backwards for fun and profit
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In a heat engine you want to generate work. You do 
so by converting as much of the high-temperature 
heat as possible into work. The efficiency of any heat 
engine operating between two heat reservoirs is 
defined as: 

 

Again, it’s what you want divided by what you pay 
for. The efficiency of a Carnot engine is 
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In a refrigerator, we want to remove heat at a cold 
temperature. We do so by putting in work. The 
coefficient of performance for a refrigerator is the heat 
removed at the low temperature divided by the work that 
you have to put in, 

 

Again, it’s what you want divided by what you pay for. 
The coefficient of performance for a Carnot refrigerator is 
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In a heat pump, we want to supply heat at a warm 
temperature. We do so by putting in work. The 
coefficient of performance for a heat pump is the heat 
supplied at the warm temperature divided by the work 
that you have to put in, 

 

Again, it’s what you want divided by what you pay for. 
The coefficient of performance for a Carnot heat pump is 

ω ≡
QH

W
= C . O . P .

ω =
QH

W
= TH

TH − TC

TH

TC

QC

QH

W



E134

5

Given the coefficients of performance for a Carnot 
refrigerator 

 

and a Carnot heat pump 

 

what are the trends in  with  ? 

Do they work best when  is big or small?
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Evaporator

Inlet enthalpy comes from isenthalpic valve.

Outlet enthalpy is saturated vapor at , .T2 P2
Compressor

Outlet enthalpy comes from property table at , .P3 S3

Inlet enthalpy, entropy is from saturated vapor at , .T2 P2
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·QC = ·mΔH = ·m (H2 − H1)

·Ws = ·mΔH = ·m (H3 − H2)
Δ ·S = 0 ⇒ S3 = S2
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Compressor (cont.) 

Any real compressor will not be isentropic, but 
will have an efficiency 

ηcomp =
·Ws isen

·Ws actual
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Condenser

Inlet enthalpy comes from compressor.

Outlet enthalpy is saturated liquid at , .T4 P4

Throttling Valve

Outlet quality comes from property table at , .T1 P1
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·QH = ·mΔH = ·m (H4 − H3)

Δ ·H = 0 ⇒ H1 = H4
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Calculating  

 

 

 

 

For expander,  

 

For valve,  

ω
QC = H2 − H1

QH = H3 − H4

Ws = QH − QC

Ws = (H3 − H4) − (H2 − H1)
H4 ≠ H1

ω = H2 − H1
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Property tables at <https://www.ohio.edu/mechanical/thermo/property_tables/R134a/>

c
d

b
a1 2

34

Easy to read  and H2 − H1 H3 − H4
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See Wikipedia List of refrigerants for Atmospheric Lifetime, Ozone Depletion Potential, Global 
Warming Potential, and Occupational Exposure Limits
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Refrigeration is often rated in tons 

1 ton = Freeze 1 ton of /day. 

         = 12,000 Btu/h = 12,661 kJ/h 

The Seasonal Energy Efficiency Rating (SEER) is calculated as 

SEER  

COP  

SEER  COP

H2O

= BTU/hr of cooling
Watt of power = 0.2931 W

W

= ω = W
W = 3.412 Btu/h

W
≈ 3.4
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Analyze 3 ton, 14 to 16 SEER, Refrigerant R401A  

3 ton =  

SEER  COP 

 

Refrigerant R401A is a HCFC blend of R-22 ( ), R-152A 

( ), and R-124 ( ). It is designed as a replacement 

for R-12 ( ). AL = 8.5 years, ODP = 0.034, GWP = 1,182, OEL = 

1,000 ppm. 
For comparison R-12: AL = 100 years, ODP = 1.0, GWP = 10,200, 
OEL = 1,000 ppm.

3 ⋅ 12,000 Btu/h = 36,000 Btu/h = 10.55 kW
≈ 3.4

ω = SEER
3.4 = 4.1 to 4.7

CHClF2
C2H4F2 C2HClF4

CCl2F2
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How do you get to low temperatures? 
Cascade Cycles 
How would you analyze the whole 
cycle?
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Imagine the following:

Why would you do this?

If Carnot units 

 |W | = 1 − TS

TH
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Typical fluids: 
Ammonia – water 
Water – lithium bromide 

What would you need to 
analyze?

E134
The Heat Pump for Home Heating 

As mentioned above, in the heat pump, you 
want to generate  to heat the home, and 
extract  from the cold ambient. 

 

With a combo air conditioner and heat pump 
how would you switch from AC to heat pump 
and back?
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