
IJSRD - International Journal for Scientific Research & Development| Vol. 9, Issue 10, 2021 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 100 

A Mini Review of Multi Nozzle Jet Spray Condenser 

Mohan Prasad1 Nilesh Sharma2 

1,2Lakshmi Narain College of Technology & Science (RIT) Indore, India 

Abstract— A multi-nozzle jet spray condenser has been 

designed and analyzed to fulfil the requirements of vacuum 

problem in Sugar & pharmaceutical industries. Formerly, 

Sugar Factory was used counter current condensers to create 

vacuum for all last effect evaporators and pans. Due to its 

high energy conception and lack of automation, it has been 

replaced with Multi Jet condensers since 2008 G.C. Multi 

Nozzle Jet Spray Condenser performs the dual function of 

ejection and condensation, resulting in overall efficiency.  A 

single jet condenser has been using by this industry which 

gives an efficiency of around 59%. To overcome this multi-

nozzle jet spray condenser has been used which gives around 

20% more efficiency compared to single jet. MATLAB 

software has been used to design the multi-nozzle jet spray 

condenser and to find out the vacuum generated. Data has 

been taken from the sugar section of the industry, and analysis 

has been carried out to find out the suitable condenser 

capacity design and performance evaluation. 
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I. INTRODUCTION 

The Multi Jet Condenser is designed for reducing energy and 

water consumption of the condensing / vacuum system and 

minimizing electrical power expenditure. They are designed 

as per the air or vapor load and velocity to avoid pressure 

losses and better condensation. The Multi Jet Condenser 

consists of multiple Spray and Jet Nozzles which are divided 

in different stages. Jet Nozzles remove non-condensable 

gases and air by entraining it using water flowing at high 

velocity through the tail pipe to maintain vacuum and the 

Spray Nozzles scatter water for vapour condensation. 

 The main goals of sugar factories are to produce 

sugar and co-products to meet their maximum production 

capacity. This will realize when all unit operations run 

smoothly and perform with their full potential. The 

availability of skilled man power, updated Automation 

systems and status of each unit operations are the main key 

parameters to attain their highest target. Metahara Sugar 

Factory is one of the oldest Sugar Factory among the seven 

Ethiopian Sugar factories including the four recently 

launched. The installed Multi Jet condensers are less 

complicated, easy to use, consume less energy, partially 

automated and with up-to-date monitoring system as shown 

on figure 1. 

 Formerly, Metahara Sugar Factory was used counter 

current condensers to create vacuum for all last effect 

evaporators and pans. Due to its high energy conception and 

lack of automation, it has been replaced with Multi Jet 

condensers since 2008 G.C. 

 

 
Fig. 1: Components of multi jet condenser 

 The multijet multi-spray condensers are a category 

of direct contact condensers, because the vapours and cooling 

water are in direct contact with each other. In these type of 

condensers, a combination of jets and spray nozzles is used 

to not only condense the vapours, but also create vacuum, so 

that the vapours and also air/non-condensable gases get 

sucked into the condenser and thereafter condensed/ejected. 

 Conventionally, Spray nozzles are primarily used 

for condensation of vapours while the jet nozzles are mainly 

used for creation of vacuum by compression and ejection of 

air/non-condensable gases. This is affected by water jets 

emerging from the jet nozzles (jet pump principle). Therefore 

requirement of a vacuum pump for direct contact and surface 

condensers is eliminated. 

 The evaporators and pans are maintained at low 

pressures, through injection water pumps. These are one of 

the highest electrical energy consumers in a sugar mill. The 

multi-jet condensers, which are presently used in the sugar 

plants, do both the jobs of providing the barometric leg, as 

well as removing the non-condensibles. 

 Condensers and vacuum equipment are common to 

evaporators and vacuum pans. Nearly all these vessels use 

direct contact condensers, where the cooling water comes into 



A Mini Review of Multi Nozzle Jet Spray Condenser 

 (IJSRD/Vol. 9/Issue 10/2021/027) 

 

 All rights reserved by www.ijsrd.com 101 

direct contact with the vapor to be condensed. The main 

advantages of direct contact condensation are the cheap 

construction of the condenser and the ability to achieve a 

close approach temperature; this is particularly important 

because the saturation temperatures of the vapor are relatively 

low and the cooling water temperature is relatively high in 

warm cane-growing regions. Both these factors impact on the 

quantity cooling water used. The difference between the 

saturated vapor temperature and water outlet (tvs- to) is 

referred to as the approach or approach temperature [1], [2], 

[3]. The outlet water temperature can never be higher than the 

vapor temperature tvs but should approach it as closely as 

possible. 

II. RESULT ANALYSIS OF MULTI-JET SPRAY BAROMETRIC 

CONDENSER WITH EVAPORATORS 

Fig. 2 illustrates a typical use of a standard Multi-Jet Spray 

Barometric Condenser with evaporators. The steam vapors 

from the evaporator pass through a separator or catch-all, 

where any liquid carried in suspension is collected and 

drained back into the evaporator. The vapors pass on to the 

top inlet of the condenser where the condensing is 

accomplished by the spray nozzles. The water jets entrain the 

air and non-condensable gases and discharge them into the 

barometric tail pipe which drains by gravity into a hotwell. 

Condensing water is delivered to the nozzles at a slight 

positive pressure (4 to 5 lbs.), but with light steam loads, the 

injection water may be throttled and water flow adjusted to 

meet the vapor load. As indicated in the illustration, no air 

pumps are required and the installation is simple and 

foolproof. 

A. Performance:  

As with other Barometric Condensers, the Multi-Jet Spray 

has no moving parts in the vacuum chamber. Due to this 

simplicity of design, high performance with easy operation 

can be anticipated. The absence of moving parts and vacuum 

pumps reduces downtime associated with equipment 

involving moving parts. The Multi-Jet Spray Barometric 

Condenser operates with a small terminal temperature 

difference (11 to 13°F) and maintains high vacuums in spite 

of heavy fluctuations in water temperature and steam load. 

The nozzles are accessible through the handholes. 

B. Operation: 

The S&K Multi-Spray Condenser operates with a terminal 

difference down to 5°F. Vapor enters the condenser at the top 

and is thoroughly mixed with injection water which is 

delivered through several spray nozzles. The downward 

action of these converging sprays creates a suction in addition 

to their condensing action. Vapors condensed in the spray 

chamber are delivered with condensing water to the hot-well 

through a barometric leg. The non-condensables are drawn 

through an air suction chamber to a pre-cooler, where water 

delivered by a spray nozzle lowers the temperature of the air-

vapor mixture and condenses practically all of the vapor. The 

remaining mixture delivered to the air pump is at a 

temperature close to that of the spray water which reduces to 

a minimum the amount of condensable vapors removed by 

the air pump. Note the self-draining design feature which 

avoids corrosion and clogging during seasonal shut-downs. 

 
Fig. 2: Multi-Jet Spray Barometric Condenser with 

evaporators. 

III. CONCLUSION: 

The Multi Jet Condenser is designed for reducing energy and 

water consumption of the condensing / vacuum system and 

minimizing electrical power expenditure. Maximum 

condenser efficiency and vacuum efficiency is achiving by 

multi nozzle jet condenser as compared to single jet 

condenser. 
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