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Modeling of an ejector in Thermoptim 
  
An ejector or injector (Figure 1) receives as input two fluids normally gaseous but which may also be liquid or 
two-phase (Chunnanond, 2004): 
- the high pressure fluid called primary fluid or motive; 

- the low pressure fluid, called secondary fluid or aspirated.  

 
The primary fluid is accelerated in a converging-diverging nozzle, creating a pressure drop in the mixing 
chamber, which has the effect of drawing the secondary fluid. The two fluids are then mixed and a shock wave 
may take place in the following zone (throat in Figure 1). This results in an increase in pressure of the mixture 
and reduction of its velocity which becomes subsonic. The diffuser then converts the residual velocity into 
increased pressure. 
 
The ejector thus achieves a compression of the secondary fluid at the expense of a decrease in enthalpy of the 
primary fluid. 
 
The three most important parameters to characterize the overall efficiency of an ejector are: 
• the entrainment ratio w, ratio of the secondary to primary mass flow-rates; 
• the pressure lift ratio, the ratio of the static pressure at the outlet of the diffuser to the static pressure of the 

secondary fluid; 
• a section ratio (minimal on maximum or primary flow on entrained flow etc.), which determines its 

geometry. 
 
Note here that one of the practical problems encountered in the use of an ejector in a cycle is that its efficiency 
depends on many of its operating conditions: the compression ratio obtained is obviously a function of the 
entrainment ratio but a variation of the latter induces a change in the optimum geometry of the ejector, which is 
obviously impossible to achieve. 
 
It follows that an ejector is poorly adapted to operation outside of design conditions. 

Ejector model 
Ejector modeling is mostly based on the assumption that primary and secondary fluids can be treated as ideal 
gases in the mixing chamber, which is roughly justified given the low pressure therein. However, there are also 
cases where one of these fluids is liquid or two-phase, so that the mixture can be biphasic, and several 
hypotheses can be selected: either carry out calculations with the properties of a real fluid while using the 
hypothesis of a single-phase flow, or neglect the liquid phase when computing velocities, or consider an 
equivalent fluid. 
 
The calculation of the ejector (one-dimensional model) is based on the following assumptions: 
• the expansion of the primary and secondary fluids in the inlet nozzle is assumed to be adiabatic, taking into 

account the irreversibilities by an  isentropic efficiency; 
• the pressure remains constant in the mixing chamber (there are constant mixing section ejectors, but they are 

 
Figure 1: Cross section of an ejector 
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less efficient than others and we do not consider them here); 
• when the mixed flow is supersonic, a normal shock can take place in the mixing chamber, which slows 

down the fluid and creates an overpressure; 
• compression in the diffuser is assumed to be adiabatic, taking into account the irreversibilities by an  

isentropic efficiency; 
• fluid properties are uniform in any section. 
 
The model we used is that proposed by Li and Groll (2005), which presents the advantage of being formulated in 
a manner independent of fluid properties. We have slightly reformulated and expanded it to take account of any 
shock, these authors implicitly limiting themselves to cases where the mixed flow is subsonic. 
 
In this model, we simplify the calculations assuming a priori that we know the pressure drop between the 
secondary flow suction pressure Pe and that at the inlet of the mixing zone Pb We will consider that it is 
proportional to Pe. It is clear that in practice, we do not know the value of this factor, which is not directly 
measurable. If we want to set a value of the output pressure ejector Pd or pressure lift ratio Pd/Pe, we must then 
iterate on the value of this factor, which is easy to do once the model is set and validated. 
 
The model assumes that the ejector is comprised of 4 main areas: 
• the motive flow expansion area; 
• the entrained flow expansion area; 
• the mixing zone, with possible shock; 
• the diffuser. 

 
Setting equations  

 
mmi and msi being the mass-flows of motive and secondary streams, the entrainment ratio is: 

w = 
msi

 mmi + msi
    

Motive flow expansion area  
 
We will use the index mb to characterize the outlet state of the fluid, which expands adiabatically: 

smb,is = smi 

hmb,is  = f(smi, Pb) 

hmb  = hmi - ηs (hmi - hmb,is)   

 

The fluid velocity at the inlet being negligible, its output value is:  

Cmb= 2 (hmi - hmb)   
 
The specific volume vmb allows you to know the flow area per unit of total mass flow rate: 

amb  = 
vmb

 Cmb (1 + w)    

 
Entrained flow expansion area  
 
We will use index sb to characterize the outlet state of the fluid, which expands adiabatically: 

ssb,is = ssi 

hsb,is = f(ssi, Pb) 

hsb = hsi – ηs (hsi – hsb,is)   
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The fluid velocity at the inlet being negligible, its output value is:  

Csb= 2 (hsi - hsb)   
 
The specific volume vsb allows you to know the flow area per unit of total mass flow rate: 

asb  = 
vsb
Csb

  
w

(1 + w)   

  
Mixing zone  
 
We will use index mix to characterize the mix output state, which can only be determined iteratively by solving 
simultaneously in pressure the conservation equations of mass flow, momentum and enthalpy. 
 
Solving these equations shows that there may be one or two mixing pressure(s). The physical explanation is as 
follows: if the mixed flow is supersonic, a recompression with "normal" shock wave takes place because the 
outlet pressure is greater than that of the flow. The two mathematical solutions correspond to pressures before 
and after the shock. 

The conservation of momentum reads: 

Pb (amb + asb) +  
Cmb

(1 + w)   + 
w Csb

(1 + w)   = Pmix (amb+ asb) +  Cmix  

 
The enthalpy equation writes: 

hmi + w hsi  = (1 + w) ( hmix + 
Cmix

2

2  )  

The conservation of the mass flow writes: 

vmix = (amb + asb) Cmix  
 
We will retain as a solution, if there are two, the highest pressure, which is equivalent to taking the lowest, and 
solve the equations of the shock wave below. This way is more precise, the following equations being strictly 
speaking valid only for perfect gases. 

Schock wave 
 
If there is a shock wave, the equations are as follows, x being the inlet (supersonic), and y the outlet (subsonic):  
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Modeling of an ejector in Thermoptim 
 
An ejector acts as a mixer receiving two 
fluids: the primary flow and the secondary 
flow, and out of which exits the 
recompressed total flow. 

Study of the external class 
FluidEjector 
 
Consistency tests are performed by the node 
method checkConsistency() to check if the 
connected fluids are those expected. 
 
Please refer to Volume 3 of the reference 
manual for explanations on this point, valid 
for all external nodes. 
 
The screen of the ejector is shown in Figure 3. It has four parameters: 
 
- The Pe/Pb pressure drop factor at the entrance of the secondary fluid in the ejector, which determines the 
minimum pressure in the ejector 
- The isentropic efficiency of the two nozzles (motive fluid and aspirated fluid) 
- The isentropic efficiency of the exit diffuser  
- The friction factor to take into account a possible pressure drops in the mixing zone. 
 
The calculation results are 
displayed above the 
parameter input fields. 
The first line indicates: 
- Pout, outlet pressure 
(bar) 
- Tout, outlet temperature 
(°C) 
- Pmi/Pout, ratio of the 
pressure of the motive 
fluid to the outlet pressure 
- Pout/Psi, report of the 
outlet pressure to the 
aspirated fluid pressure  
- Xout, output quality 
- DP, initial pressure drop 
of the entrained flow 
- Pmel, mixture pressure 
(bar) 
 
The second line provides 
the sections (mm2) at the 
entrance of the mixing zone for the motive fluid (Amb) and the aspirated fluid (Asb). 
 
The study of the external class FluidEjector shows how the model has been implemented. As can be seen, six 
simple steps allow one to perform the calculations: 
 

1) we begin by reading the settings entered on the screen (we added here a friction factor to account for 
friction losses in the mixing zone): 

 
Figure 2: Diagram of the ejector component 

 
Figure 2: Screen of the ejector component 
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2) we then carry out calculations for the motive fluid: 
 

 
 
3) and those for the entrained fluid: 

 
4) we then look for the value of the mixture pressure, using for this the dichotomy function Util.dichoT, which 
seeks the pressure P such as the residue defined by getPressure(P) is zero: 
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5) we calculate the Mach number of the mixture to see if the potential shockwave was taken into account. If 
necessary, we determine the recompression it induces: 
 

 
 

 
6) we carry out calculations for the exit diffuser  
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7) the node is updated using the generic methods described in the reference manual 
 

 
 
 
 


