
Proceedings Indonesia International Geothermal Convention & Exhibition 2014 
Jakarta Convention Center, Indonesia 4-6 June 2014 
  

COMPARATIVE STUDY OF PRIMARY FLUID FLOW (PFF) FREESTON METHOD 
AND NUMERICAL METHOD BY COMPUTATIONAL SIMULATION ON STEAM JET 

EJECTOR AT PLTP XXXX 

Akrimni Al Habil1 and Jooned Hendrarsakti1,2 

1Faculty of Mechanical and Aerospace Engineering, InstitutTeknologi Bandung 
2Program of Study of Geothermal Technology, InstitutTeknologi Bandung 

Jalan Ganesha No.10, Bandung  
Email :jooned@ftmd.itb.ac.id 

 
Keywords: Ejector, Freeston, NCG 

 
ABSTRACT 

In producing better power plant efficiency, steam 
produced at geothermal wells undergoes reduction of NCG 
(Non Condensable Gas) percentage. This reduction is followed 
by steam consumption required by steam jet ejector to separate 
NCG. NCG percentage variation with PFF (Primary Fluid 
Flow) mass rate is display to tell the amount saving can be 
produced. As one of popular methods in predicting the amount 
NCG reduced in ejector, Freeston method gives suggestion to 
calculate PFF mass rate ATSR graphic (Air To Steam Ratio). 
To better produce better prediction, the result of the Freeston 
method (1) is compared to computational results in this study 
using PLTP (Geothermal Power Plant) XXXX data.  

As the change of PFF mass rate required on first and 
second stage steam jet ejector, it is necessary to remodel GRS 
(Gas Removal System) at PLTP XXX such as intercondenser 
and aftercondenser. Simulation and remodeling is conducted 
for NCG percentage variation: 0.5-3.375% for first stage 
ejector and intercondenser and 0.5-1.5% for second stage 
ejector and aftercondenser. The current study found that the 
average of ATSR percentage difference between Freeston 
method and computation on first stage ejector is 16.31% while 
on second stage ejector is 17.60%.  PFF mass rate required by 
first and second stage will increase with increase of NCG 
percentage. The requirement of mass rate of cooling water 
condensate on intercondenser and aftercondenser will decrease 
with increase of NCG percentage.  
 
INTRODUCTION 
 

There are so many discussions about efficiency of 
net delivery capacity or net power output produced by power 
plant (2,3,4,5) for example, LRVP (Liquid Ring Vacuum 
Pump) will be not reused again in order to decrease electric 
consumption of gas removal system and reduction of PFF for 
ejector performance. Normally, the amount of NCG produced 
by a steam well will decrease over the time, and this decrease 
should also decrease the usage of PFF to run the ejector 
performance. There is formula that suggests the magnitude of 
minimum PFF to run ejector the saving cost off PFF usage can 
be calculated. One popular method in determining the 
magnitude of minimum PFF was introduced by Freeston (6). 
The objective of current study is to compare Freeston method 
formula and numerical/ computational simulation results in 
calculating the amount PFF use. 
 
FREESTON METHOD 
 
 ER (Entrainment Ratio) indicates the performance 
parameter to determine whether the ejector is on the optimum 
performance or not as described in Eq. [1] and Fig. 1. 

 
Figure 1. Flow Definition in Ejector 

 
       
             [1] 
  
  
 The higher PFF from steam well, the lower the value of 
ER. It means that to increase ER, the amount of PFF or steam 
from well should be reduced and the SFF should be drawn as 
much as possible from condenser. Freeston method has another 
definition of performance described as ATSR (Air To Steam 
Ratio) as written in Eq. [2].SC (Steam Consumption) has same 
definition with PFF with DAE (Dry Air Equivalent) has 
different definition as described in Eq. [3]. 𝑚̇ is the flow rate 
and DAE is SFF evaluated at standard temperature of 700F 
(210C) with all properties in fluid is evaluated at that 
temperature.  
 

 
                   [2] 

 
 

     [3] 

 
 To get Tcf (Temperature correction factor), Fig. 2 is 
used and to get Mer (Mass Molecular correction factor), Fig.3 
is used. 
 
MODELING GRS (GAS REMOVAL SYSTEM) 
  
 Modeling is conducted in PLTP XXXX ejector as 
shown in Fig. 4 (7). There are four components in this PLTP 
Gas Removal System: Two ejectors, one intercondenser, and 
one aftercondenser and the simulation were conducted at these 
four components. 

Outputs of ejector modeling are: PFF mass rate (kg/s) on 
motive steam inlet and suction inlet pressure (barA). Output of 
intercondenser and aftercondenser modeling are the relation 
between NCG percentage variation and cooling water mass 
rate from cooling tower with condensate mass rate entering 
main condenser.  
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Figure 2. Temperature correction factor3 

 

 
Figure 3. Mass molecular correction factor3 

 
 

 
Figure 4. Gas Removal System in PLTP XXXX 

 
MODELING ON FIRST AND SECOND EJECTOR  
 

First ejector used NCG percentage variation range of 
0.5-3.375% with increment of 0.25%. The selection of that 
lower range number is due to the trend of NCG percentage that 
is never below 0.5% and the selection of that upper range 
number is due to the fact that at the further calculation in 

ATSR (Air To Steam Ratio) formula that would show that 
DAE value must be higher than PFF.  

 

 
Figure 5. Relation of suction inlet pressure on 2nd ejector with 

NCG percentage variation 
 
At the second ejector, simulation is made for NCG 

percentage varies 0.5% - 1.5%.  This range is picked due to the 
fact that at 1.75% until 3.375%, the suction inlet pressure 
obtained from computational simulation is higher than 
intercondenser pressure as shown in Fig. 5. If it happens, fluid 
flow will occur from second ejector to intercondenser. Figure 
4shows the magnitude of suction inlet pressure toward NCG 
percentage variation.  

 
BOUNDARY CONDITION OF FIRST AND SECOND 
EJECTOR 
 
1. Suction Inlet 
 
 Table 1 shows input parameter on first ejector 
suction inlet. 
 

Table 1. Input parameter simulation for first ejector 

 
 
Based on Table 1, steam mass rate entering the main 

condenser is 109.99 kg/s. On the first ejector,  steam and air 
mass rate entering suction inlet are assumed to be unchanged 
at each NCG percentage variation. The magnitude of Steam 
mass rate is 0.486 kg/s and air mass rate is 0.067 kg/s. With 
these mass rates, the percentage of each fluid in total mixture 
entering first ejector suction inlet can be known. 

On the second ejector, it is assumed that steam mass rate 
has same number on each NCG percentage variation: 0.109 
kg/s. Other assumptions are: NCG and air mass rate from 
intercondenser to the second ejector has the same mass rate for 
both fluids from the first ejector to intercondenser. On these 
boundary conditions, the pressure will be obtained using 
numerical simulations.  In this calculation, the magnitude of 
temperature is maintained at 280C. Complete parameters are 
presented in Table 2. 
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Table 2. Input parameter simulation for second ejector 

 
 

 
2. Motive Steam Inlet 
 
 Based on P&ID description of the PLTP, NCG 
percentage either in first ejector or in second ejector is assume 
to have same number with NCG percentage in the steam well. 
The magnitude of pressure at this boundary conditions is 6,3 
barA and has temperature at 1610C. 
 
3. Outlet Ejector 
  
 Percentage of each species on outlet first ejector is H2O 
70.4%, NCG 28.5%, and air 1.1 %. Percentage of each species 
on outlet second ejector is H2O 68.93%, NCG 29.95%, and air 
1.14 %4. These data is used in numerical simulation as initial 
value due to implicit condition. The NCG is assumed to have 
same characteristic as CO2 on numerical simulation because 
the largest species of NCG is CO2(almost 90%). This 
assumption is necessary to simplify the problem. 
 The pressure on outlet first ejector of 0.31 barAhas same 
number with operating pressure of intercondenser.  The 
temperature of the first ejector changes proportionally with the 
change of NCG percentage variation, but as the initial value in 
numerical simulations, temperature of outlet of first ejector is 
1080C4. The pressure of outlet of the second ejector is set to 
0,94 barA4. The numerical simulation yields the higher 
pressure of suction inlet than intercondenser operating pressure 
(0,31 barA). It would create backflow from the second ejector 
to intercondenser. To avoid this, the pressure on outlet ejector 
must be adjusted so that the pressure on suction inlet second 
ejector is lower than intercondenser operating pressure with 
pressure on that ejector must be higher than atmospheric 
pressure. The total atmospheric pressure on certain altitude can 
be calculated using Eq. [4] (8). 

       
                          [4] 

 
  
 
 The altitude of the power plant is 1350 m above the 
sea11, so the total atmospheric pressure on the plant that 
obtained from Eq. [4] is 0,861 barA. For numerical simulation 
with the operating pressure of aftercondenser or pressure of the 
outlet second ejector is 0,87 barA (still higher than 
atmospheric pressure), the suction inlet pressure is 0,3 barA  
which is still lower than intercondensor operating pressure. It 
means that at 0,87 barA of  aftercondenser, the fluid will flow 
from intercondenser to the second ejector. Table 3 shows input 
parameter for each boundary condition for numerical 
simulation. 
 

 
 
 
 
 
 
 
 

 
Table 3. Input parameter for each boundary conditions. 

Asterisk (*) indicates the magnitude are unknown and would 
be calculated using  

 
 
 
MODELING ON INTERCONDENSER AND 
AFTERCONDENSER AFTER MODIFICATION OF PFF 
MASS RATE ON FIRST AND SECOND EJECTOR 
 
 After numerical simulations on first ejector and second 
ejector, there are some changes on intercondenser and 
aftercondenser and intercondenser and aftercondenser 
parameter conditions like pressure, temperature, and mass flow 
rate must adjusted. 
 
1. Intercondenser 
 
 There are two inlets and two outlets on intercondenser as 
shown in Fig. 6. Two inlets come from first outlet ejector and  
cooling tower and two outlets go into second ejector and main 
condenser. 
  

 
Figure 6.  Mass balance in Intercondenser 

 
 For input parameter new intercondenser model, data of 
Tables 4 and 5 are used.  To calculate cooling tower mass rate 
to intercondenser and main condenser mass rate from 
intercondenser, Eq. 5 and 6 are used respectively.  The first 
outlet temperature is shown in Fig. 7. 
 

Table 4.  Input parameter for intercondenser pressure and 
temperature 
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Table 5. Input parameter for intercondenser mass rate 

 
 

 
 

       
                  [5] 

 
 

               [6] 
 

 
Figure 7. First outlet ejector temperature 

 
2. Aftercondenser 
 
 There are three inlets and two outlets on aftercondenser 
as shown in Fig. 8. Three inlets come from the second outlet 
ejector, cooling tower, and turbine seal system. Mass flow 
from turbine seal system is 0.15 kg/s4. Two outlets go into 
Cooling Tower Stack and main condenser. For input parameter 
new intercondenser model, Tables 6 and 7 are used.  To 
calculate cooling tower mass rate to aftercondenser and main 
condenser mass rate from aftercondenser, Eqs. 7 and 8 are 
used respectively 
 

 
Figure 8. Fluid flow in Aftercondenser 

 
Table 6. Input parameter for aftercondenser mass rate 

 
 

Table 7. Input parameter for aftercondenser mass rate. 

 
 

 
 
 
 
 
 

                [7] `
      

 

 
               [8] 
 

 
Figure 9. Second outlet ejector temperatures 

 
COMPARATIVE ANALYSIS OF ATSR BETWEEN 
FREESTON METHOD AND NUMERICAL METHOD 
ON EJECTOR 
 
 To calculate using Freeston method, Eqs.[2]. and [3] are 
used and Figs. 2 and 3 are used to obtain correction factor of 
temperature and mass molecular.  The ATSR from Freeston 
method on each NCG percentage is calculated using Eq. [2]. 



Proceedings Indonesia International Geothermal Convention & Exhibition 2014 
Jakarta Convention Center, Indonesia 4-6 June 2014 
  
 To obtain the result of ATSR simulation method, PFF 
from output of numerical simulation on each NCG percentage 
first is obtained. After that, using Eq.[2]  ATSR number is 
obtained on each NCG percentage. After calculating with 
Freeston Method and simulating with numerical method, 
Tables  8 and 9 show the difference of both methods. 
 

 Table 8. Table of comparison of Freeston method and 
ATSR method in first ejector 

 
 

Table 9. Table of comparison of Freeston method and ATSR 
method in second ejector

 
  

 The average of ATSR error on first ejector is 16.31% 
and on second ejector is 17.6%. It means that the usage of 
Freeston method to calculate ATSR has no significant 
difference compared to calculation with numerical simulations 
to face all the possibilities in field.  
 
RELATION OF NCG PERCENTAGE AND PFF MASS 
RATE  

 
 

Figure 10. NCG Percentage vs PFF mass rate on first ejector 
 

Figures 10 and 11 show the relation of increasing of NCG 
toward PFF mass rate needed to draw that NCG from 
condenser. With graphic relation, the PFF needed can be 
adjusted as saved steam from well depend on NCG percentage. 
 

 
Figure 11. NCG Percentage vs PFF mass rate on second 

ejector 
 
 Equation 9 shows about the relation of NCG percentage 
and PFF mass flow rate for first ejector and Equation 10 shows 
about the relation of NCG percentage and PFF mass flow rate 
for second ejector. Figure 9 shows about the intersection of 
DAE equation and PFF equation to show limitation of NCG 
percentage variation so that ATSR will be not greater than 1. 
Figure 10 doesn't show DAE because the gradient of that line 
is small. Beside that, the information of intersection DAE line 
and PFF line in second ejector simulation graphic is 
unnecessary. 
 

 
              [9] 

 
 

  [10] 
 
 
ANALYSIS OF COOLING WATER MASS RATE AND 
CONDENSATE MASS RATE TOWARD NCG 
PERCENTAGE VARIATION IN INTER CONDENSER 
AND AFTERCONDENSER 
 
 Using Eqs. [5] and [7], Figures 11 and 12 are  generated.  
These figures show the relation of the increasing of NCG 
percentage toward cooling water mass rate in intercondenser 
and aftercondenser. 
 Figures 11 and 12 show that the amount of cooling water 
will decrease proportionally with the increase of NCG 
percentage. It is due to the increase of NCG percentage (on 
fluid that leave from first ejector) makes that the amount of 
vapor on that fluid would decrease. The amount of cooling 
water to condense vapor will decreaseeither at intercondenser 
or at aftercondenser. 
 Using Eqs.[6] and [8], Figures 12 and 13 show that NCG 
percentage varies with condensate mass rateat  both 
intercondenser and aftercondenser. Same case with mass 
cooling water used to condense vapor (shown in figure 10 and 
12), condensate that will go out from intercondenser or 
aftercondenser to main condenser will decrease toward the 
increasing of NCG variation percentage. It is because vapor 
content in fluid from ejector decrease with the increasing of 
NCG variation percentage so that condensate which is yielded 
in intercondenser and aftercondenser will decrease as 
described in both figures. 
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Figure 11. Relation of NCG percentage and usage of cooling 

water on intercondenser  

 
Figure 12. Relation of  NCG percentage and usage of cooling 

water on aftercondenser 
 

 

 
Figure 13. Relation of  NCG percentage and condensate mass 

rate on intercondenser 
 
CONCLUSIONS 
 

The current study can be concluded as follow:  
1.   For the first and second ejector, the difference between 

results of Freeston method and computational simulation 
is about 16.31% and 17.60 % respectively. 

2. PFF mass flow rates from computational method at first 
and second ejector for NCG content of 1.5%  yield 3.73 
and 4.047 kg/s respectively.  When this flow rate is 
compared to actual data, there is saving of 1.70 and 
1.82%.respectively 

3. Water cooling mass flow rate of cooling tower to 
intercondenser and aftercondenser increases with the 
increase of NCG content to produce the equal steam mass 

flow rate to the second ejector (from interkondenser) and 
stack cooling tower (from aftercondenser) 

 

 
Figure 14. Relation of  NCG percentage and condensate mass 

rate on aftercondenser 
 

4. Condensate mass flow rate from after condenser and 
intercondenser to main condenser increases with the 
increase NCG content. 
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