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Intro: Climate Change and Global Warming
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Intro: Energy in the US Buildings 

 U.S. residential and commercial buildings consume more than

one-third of the produced energy.

 Roughly, buildings contribute by 35% (42 million metric tons) in the

carbon emissions each year.

 This is mainly because the current heat pump we use for cooling

and heating is energy intensive and uses high GWP refrigerants,

such as R134a (GWP = 1,430).

https://www.weforum.org/agenda/2022/10/here-s-how-heat-ventilate-cool-buildings-energy-consumption/

How we can cool, heat, and ventilate our buildings more efficiently with low emissions?
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Intro: Heat Pump – State-of-the-Art

Heat pump Systems
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 Advantages:

It is simple design, has no moving parts, has low 

maintenance, uses eco-friendly working fluids.
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Intro: Ejector Heat Pump – Working Principle

𝐶𝑂𝑃௛௘௔௧௜௡௚ =
𝑄̇௖௢௡ௗ

𝑄̇௜௡
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Research Gap and Objective of the study

 A little attention has been paid to the ejector heat pump for domestic water heating. 

 There is a lack of identifying a proper eco-friendly working fluid and corresponding ejector design. 

 Study the ejector heat pump water heater using ultra-low GWP refrigerants.

Research Gap

Objective
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Research Methodology

Searching for eco-

friendly refrigerants.

Shortlisting potential 

refrigerants.

Building theoretical 

model.
Validation Analysis
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Selected refrigerants with low GWP and zero ODP

SCGWP (AR4)ODPMW [kg/kmol]γNBP[℃]Pcr [bar]Tcr [℃]Psat
* [bar]Refrigerants

A120164.11.07433.529171.30.475R1336mzz(Z)

U
nd

er
 

va
cu

um A34072.151.09227.933.7187.20.620R601a

A110130.51.10518.335.73165.60.871R1233zd(E)

A1< 10148.51.10414.633.37155.50.98R1224yd(Z)

A2L701141.1339.735.31150.11.21R1234ze(Z)

A
bo

ve
 a

tm
os

ph
er

ic

A3< 5058.121.139-11.736.4134.72.54R600a

A2L701141.15-19.336.32109.43.59R1234ze(E)

A2L< 501141.177-29.533.8294.75.01R1234yf

A3< 5044.11.251-42.142.4796.687.20R290

A32042.081.303-47.746.6592.428.80R1270

* Pressure calculated at 14.4 oC.
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Theoretical Model

Eq. Governing equationsComponent
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Continuity, momentum, and energy conservation equations. 
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Theoretical Model

Eq. Governing equationsComponent
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Ejector model is coupled with the HP model to estimate 
the COP

𝑪𝑶𝑷 =
𝑄̇௖௢௡ௗ

𝑄̇௕௢௜௟௘௥

= 1 +
𝑚̇௦௙

𝑚̇௣௙
×

ℎ௩|
೐்

− ℎ௟|
೎்

ℎ௩|
೒்

− ℎ௟|
೎்

𝐸𝑅 =
𝑚̇௦௙

𝑚̇௣௙

9

10



6/5/2023

6

15-18 May 2023, Chicago, Illinois 11

Code Validation

Error (%)Present modelPrevious results [3]Tboiler (oC)

3.420.66150.6849120

3.450.58640.6074125

2.660.51580.5299130

2.790.46710.4544135

2.560.39200.3822140

Table 2. Comparison between present results and previous experimental data for ejector heat pump.

[3] https://doi.org/10.1016/0140-7007(95)98160-M

 The max relative error was less than 4%, indicating the model is valid to model EHPWH.

Results…
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Results: Working Fluids
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Variation of ER, COP, and Tc at AR of 30 and Pb = 25 bar.

For the same ejector area ratio:

Specific heat ratio

𝑨𝒔𝒚 𝒎̇𝒔𝒇 Entrainment ratio and COP

Expansion wave angle 

R600a achieved a heating COP of 3.42. 

However, R600a produces the lowest Tc because

the mixing Mach number was the lowest one.
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Results: Effect of boiler pressure 
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 ER increases as the boiler pressure increases to

achieve the same condenser temperature.

 Using R601a, the ER is about 0.56 when the

pressure is about 3 MPa.

 The ER of the ejector using R601a is always the

highest due to the highest boiler temperature.

13

14



6/5/2023

8

15-18 May 2023, Chicago, Illinois 15

Results: Effect of boiler pressure 
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 The COP profiles follow the same trends as ER.

 Interestingly, the COP of cycle using R1234ze(Z)

rapidly increases and approaches the COP of R601a

when the boiler pressure increases.

 This behavior is due to the shape of the saturation

curve (P-h diagram) of R1234ze(Z), where hfg

significantly decreases as the pressure increases,

and hence the heat added in the boiler decreases,

leading to a remarkable increase in the COP.

 So, the highest ER does not always correspond to the

highest COP.
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Results: Effect of boiler pressure
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 The area ratio does not follow the ER and COP trends.

 To achieve the same condenser pressure, the ejector

area ratio should be high for working fluid with higher

molecular weight.

 Because R1336mzz(Z) has the highest value of the

molecular weight, the ejector area ratio is the highest.
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Results: Effect of condenser temperature
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 ER declines exponentially when Tc increases.

 This means that the ejector is very sensitive to

condenser temperature.

For the same boiler pressure
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Results: Effect of condenser temperature
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 The COP decreases from 3.2 to 1.2 (62% reduction).

 When the condenser temperature is 45-50 ℃, the

COP is almost the same for the tested refrigerants.

 When we consider the safety and positive operation

pressure, R1224yd(Z) and R1234ze(Z) are more

suitable for producing hot water around 50 ℃.
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Results: Effect of condenser temperature
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 Again, a refrigerant with a higher molecular weight

needs a bigger ejector to be able to achieve the

desired condenser temperature.

 The AR decreased by about 80% when the Tc changes

from 25 to 50 ℃.

 This means that the ejector should be designed for a

specific condenser pressure.
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Conclusion

• Higher ER does not always guarantee higher COP due to the shape P-h diagram.

• The COP is very sensitive to the condenser temperature. Thus, the ejector should be designed for

specific operating conditions to be able to achieve high performance.

• Under vacuum: R601a and R1233zd(E) achieve the highest COP at any condenser temperature.

• Above vacuum: R1224yd(Z) and R1234ze(Z) are preferable for providing hot water at 50 ℃.
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