
 
 
 

principle of operation 

condensate and mixing eductor s are designed to mix two liquids 

intimately in various proportions in operations where the 

pressure liquid is the greater proportion of the mixture.  typical 

applications include: removal of condensate; mixing gasoline with 

acid; blending and proportioning chemical solutions; and diluting 

acids and alkali. in operation, the pressure liquid issues from the 

nozzle at high velocity and entrains the suction liquid. the 

extreme turbulence in the throat of the eductor mixes the two 

liquids, blending and emulsifying thoroughly and completely 

EDUCTOR 

Application 

 Removal of condensate in power 

industry 

 Mixing hydrocarbons with caustic 

power genaration 

 Blending chemical soluition 

    

  



 
 
 
 
  

 

 

 

Mathematical model of eductor  

note that this is different from the pressure gain generated by 

the eductor. with the exception of some points at high flows the 

data fall along a line. after setting aside data for flows greater 

than 10 gpm the equation for the relationship follows where the 

pressure difference is  the eductOr flow is in gpm 

The theoretical equation for the pressure drop through a nozzle 

follows 

Where c is the discharge coefficient for the nozzle. Using the 

manufacturing diameter of the nozzle, 5 mm or 0.197" and 

equations 1 and 2, c was determined to be 0.96, which is 

reasonable for a nozzle. As was mentioned before, corrosion 

could have increased the diameter of the nozzle by as much 0.004" 

per year or to as large as 0.233". Because pressure drop is 

inversely proportional to nozzle diameter to the fourth power, 

this dimensional change is expected to change the pressure drop 

equation to  

However, the best fit to the existing flow data for the eductor 

and associated piping gave the following equation which was 

used in the model.  

Equation 4 has a constant that is between the constants of 

equations 1 and 3. This indicates some corrosion but not as much 

as the maximum amount.  



 
 
 

 

 

 

 

Mathematical model of associated piping  

Pressure drop for single phase flow in a pipe is described 

Where p, g, δh, l, f, d, ki, v are fluid density, acceleration of gravity, 

elevation change, pipe length, friction factor, inside diameter of 

the pipe, resistance coefficient for the i-th component and fluid 

velocity, respectively. Friction factor is computed using the 

following equation 

Where e and re are the roughness of the pipe and reynolds 

number, respectively. The equation is valid for turbulent 

reynolds numbers up to 1,000,000. The equation for reynolds 

number is   

 

 

 

Where μ is viscosity 

Hydraulic resistance factors  



 
 
 
 

 

 

 

The viscosities of the eductant and pht are not measured. For 

the purpose of estimating viscosity the fluid was assumed to be 

an aqueous solution of nitric acid. Data for viscosities of 

solutions of nitric acid with a range of specific gravities were 

found in perry,  

And fit with the following polynomial curve fit where µ WATER. Is 

the viscosity of  

The fluid in the pht was assumed to saturated with air. For the 

purpose of the gas solubility calculation the fluid was assumed 

to be water. Henry's law states that absolute pressure of a 

solution of gas in a liquid divided by mole fraction of dissolved 

gas is equal to a constant. 

Adding gas to a liquid flow creates a two phase mixture and 

changes the calculation of pressure drop in equation 6 

because the frictional pressure drop increases and the head 

term decreases. There are various methods to calculate the 

two phase effect. The result of converting equation 6 to two 

phase flow follows.   

 

                                     

The equation set was entered into a trapeze0 spreadsheet 

listed in attachment 1. Tubing lengths, &ameters and specific 

gravities were entered. Trial values of the eductant flow and 

pht flow were input. Two loop pressures were computed, the 

first for the suction line, the second for the eductant line. 

Going from the air space in the top of the pht, there is a 

pressure gain due to hydrostatic head moving down to the inlet 

of the suction tube inside the tank, a pressure loss moving 

along the suction line, a pressure gain generated by the 

eductor and a net pressure gain moving downward along the 

discharge tube. The total pressure change for the terms 

described above should be zero. Going from the supply of 

eductant there is a pressure increase generated by a pump, a 

pressure decrease moving along the eductant line, a pressure 

decrease in the nozzle of the eductor and a net pressure gain 

moving downward along the discharge tube. Once again the 

total pressure change for the terms described above should be 

zero. Manual iteration was used on the two flows until both 

loop pressure drops were equal to zero 

METHOD OF SOLUTION  



 
 
 
 

 

 

 

 

  

TANK MIXING EDUCTOR BENIFITS 

Ensures homogeneous fluid mix throughout the tank– More 

thorough mixing results in solution uniformity –temperature, pH 

level, solids/gas dispersion and chemical distribution – to help 

ensure product/process quality–Eliminates sludge build-up and 

reduces tank cleaning time 

• Enables the use of small pumps to circulate large volumes of 

    tank solution– Smaller pumps are less costly to purchase– 

    Smaller pumps are less costly to operate 

• Simplifies operation and maintenance –no moving parts 

• Eliminates the need for compressed or blower air and the 

    resulting oil contamination and/or ventilation problems 


