© 2022 JETIR December 2022, Volume 9, Issue 12 www.jetir.org (ISSN-2349-5162)

JETIR.ORG
JOURNAL OF EMERGING TECHNOLOGIES AND

INNOVATIVE RESEARCH (JETIR)

An International Scholarly Open Access, Peer-reviewed, Refereed Journal

“A Research Review on the CFD Application in
Design, Analysis and Optimization of Vacuum
System (Ejector)”

! Saty Vinay Prajapati, 2Mr . Yogesh Parkhi

IM.Tech Scholar, 2 AssociateProfessor
!Department of Mechanic&ngineering

1 School of Research and Technology,
People's University, Bhopal (M.RIpdia

ABSTRACT

Because of their simplicity and excellent dependability, jet ejectors areutiieed in the chemical process industries. They are
frequently used to create vacuums, ranging in siam fminuscule to huge. Constagmessure jet ejectors that are appropriately
constructed for a condition are particularly forgiving of mistakes in anticipatealints and of operational upsets due to their
simplicity. This project aims to improve the geometry of a steam jet ejector used in a chemical plant's refrigeratioln system.

to enhance overall performance, a thorough investigation has been nadeeirdffects of geometrical characteristics on the
effectiveness of the ejector as well as crucial flow parameters. Researchers generally agree that using computatiosailynamic
help the jet ejector work better. CFD providesdapth knowledge of th8ow parameters, enabling precise ejector geometry
optimization. Using computer simulations early in the design phase will considerably decrease the need for prototypeetrials s
the ejector requires single point design for particular applicationsrder do improve efficiency by lowering pressure drop
throughout the ejector geometry, the findings of the CFD study wiltibeed to optimizethe ejector's design.

Keywords: CFD, Ejector, Design, Analysis.

1. INTRODUCTION
Ejectorshave a number of benefits, including the fact that they need less maintenance because there are no moving parts to w
out or fail. Due to their straightforward design, they have cheaper initial investment costs than mechanical devicese Ehey ha
fairly simple design. They need little monitoring and are simple to install.
SteamlJet ejectors, on the other hand, have the following primary drawbacks: They are made to function at a certain optimal poir
Efficiency can be significantly decreased by deviatirom this ideal spot. At high compression ratios, they have a poor thermal
efficiency.

1.1 WORKING PRINCIPLE
The standard jet ejector design includes four main parts, as seen in Figure 1:

a Nozzle

b. A vacuum chamber
c. Throat

d. Dimmer
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Fig.1. DESIGN OF JET EJECTOR

The following is a description of how jet ejectors work:

(1) Point 1 is where the subsonic motive stream entersidlele. As it moves toward the nozzle's converging portion, its
velocity rises and its pressure falls. The stream accelerates to sonic velocity near the throat of the nozzle. The nozzl
diverging portion is when the velocity reaches supersonic levels.

(2) The pushed fluid that was entrained enters the ejector and travels to Point 2. Its pressure drops while its velocity rises.

(3) In the suction chamber, the motive stream and the entrained propelled stream start to mix; the fimishgdsn the
throat.

(4) A shock wave develops inside the throat when the mixture velocity drops to a subsonic level. Condensation may occur
Point 3 as a result of the bapkessure resistance.

(5) The mixture enters the diffuser's diverging portion, where its kinetic energy isrtahigto pressure energy. The fluid's
pressure is a little bit greater at Point 5 than it is at Point 3 at this point.

1.2CFD ANALYSIS OF EJECTOR

Computational fluid dynamics (CFD) is the comptitased modeling of systems including fluid movement, treasport, and

related phenomena such as chemical reactions. The technology is extremely effective and has a wide variety of inchastrial and
industrial application€FD approximates the equations that control fluid motion numerically. The following procedures must be
taken before using CFD to analyze a fluid problem:

The mathematical equations describing the fluid flow are first written down. Typically, they ariesa cfepartial differential
equations. These equations are then discredited to get a numerical equivalent. After that, the domain is separaegtidgmlitt|
components. Finally, the beginning and boundary conditions of the particular issue aogegiripl solve these equations. The
method of solution might be direct or iterative. Furthermore, some control parameters are employed to govern the methoc
convergence, stability, and accuracy.

EXAMPLES INCLUDE:

e Tur bo machi ner ytubesfdiffosars etc. nsi de rotating

e Electrical and el ectronic engineering: cooling of equip
e Aerodynamics of planes and vehicles: |lift and drag

e Hydrodynamics of ships

e External and internal e n v i heating/memtitation; of bui |l di ngs: wind |
» Chemical process engineering: mixing and separation, polymer moulding;

CFD analysis can be categorized into four main steps

Problem Pre- Post-
Identification kil Processing W Processing

Fig.2 CFD MODELING REVIEW

2. LITERATURE REVIEW
REVIEW OF PAST STUDIES:

Natthawut Ruangtrakoon et al. (2013) [1] investigated the impact of the main nozzle geometries on the functionality of an
ejector utilized in the steam jet refrigeration cycle using CFD approach. Only one fixed shape mixing chamber andreght disti
main nozzles were examined numerically infeaxstance using the CFD programme. The main nozzle was performing at its best
when it had a throat diameter of 2.3 mm, an exit Mach number of 4, and a boiler temperature of 120 °C at an evaporat
temperature of 7.5 °C. This investigation has led to trelasion that the CFD approach may be a useful tool for predicting a
steam ejector's performance. The mixing process, which cannot be described empirically, may also be explained using it. T
findings demonstrate that the main nozzle geometry and opgraticumstances have a significant impact on the ejector
performance &, therefore, the system COP.

JETIR2212408 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | e57


http://www.jetir.org/

© 2022 JETIR December 2022, Volume 9, Issue 12 www.jetir.org (ISSN-2349-5162)

Table — 1: Dimensions of Primary Nozzle

Nozzle d (D: d)z Calculated Ejector’s
code (mm) exit Mach | arearatio
number
dl.4M4 1.4 20:1 4.0 184:1
dl.7M4 1.7 124:1
d2.0M4 2.0 90:1
d2.3M4 2.3 68:1
d2.4M4 2.4 62:1
d2.6M4 2.6 53:1
d1.4M3 1.4 7:1 3.0 184:1
dl.4M5.5 | 1.4 88:1 55

Szabolcs Varga et al. (2009) [2] investigated the impact of geometrical parameters on steam jet ejector performance using three
geometrical factors: nozzle area ratio and area of constant segjiomo@zle exit position (NXP), and constamea section length

(Lm). Depending on the operating circumstances, the findings suggested the existence of an ideal area ratio. Thekcritical be
pressure and entrainment ratio were both modified by the nozzle exit location. The optimal placemenhdarléhexit was
discovered to be 6 cm from the intake plane of the converging section, resulting in a 5% and 12% improvement in thenentrainme
ratio and critical back pressure, respectively. The critical back pressure was raised by increasing Lm toAlfbSttmen.increase

had no effect on the performance metrics, therefore it may be deemed ideal for the current ejector.

Honggiang Wu et al. (2014) [3] utilized computational fluid dynamics (CFD) to evaluate the impact of mixing chamber
geometries on the performance of steam ejectors used ineffaltt distillation systems. The internal flow parameters of the
steam ejector, as well as the impacts ofing chamber length and convergence angle, were deterniried¢oncluded that there

is an ideal range of mixing chamber length at which the ejector achieves its maximum entrainment ratio, and that the mixir
chamber has an optimum convergence anglehathithe steam ejector performance is the best.

E. Rusly et al. (2005) [4] investigated numerous ejector designs using finite volume CFD techniques to resolve ejector flow
dynamics. The CFD results were confirmed using experimental data. The highest entrainment ratio is obtained in the eject
shortly before a shock occurs; thfare the nozzle location is an essential ejector design element. According to the findings,
increasing the constant area diameter can only enhance ejector performance when it is working in critical mode with #eshock i
diffuser. The constant area diatar can be constantly adjusted to achieve maximum output until the shock goes but the secondar
flow choking persists.

T. Sriveerakul et al. (2007) [5] looked at the use of CFD to forecast the performance of a steam ejector used in refrigeration
applicaions in Partl of their study. Its performance was examined for the impacts of operating circumstances and geometries. |
was discovered that the CFD's predictions and the actual values acquired from the experimental steam jet refrigeredthveagreed
well. A deeper understanding of the flow and mixing processes inside the ejector was also provided by the CFD, which was n
just a sufficient tool for forecasting ejector performance. Average errors of the critical back pressure and anticipatet mntr

ratio were both determined to be less th#é¥h. Keep in mind that a negative sign means the results of the CFD calculations were
overestimated.

T. Sriveerakul et al. (2007) [6] examined the flow processes occurring inside the steam ejector under u@peEnaging
circumstances and geometries in Parbf their investigation.The modeled ejectors’ flow structure could be graphically
constructed using the CFD software's applications, and the flow passage's phenomena were investigatedthati<lobaging

three parameterthe primary nozzle size, secondary fluid saturatisesgure, and entrainment rati@l change both the critical

back pressure and the critical entrainment ratio at the same time. The primary fluid saturation pressure andckrjiiessbiee

cannot be raised simultaneously while adjusting, though. The only change that may concurrently raise both values is a higt
secandary fluid saturation pressure.
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Jianyong Chen et al. (2014) [fave provided a model for an ejectorctdculate its ideal performance and design area ratio in a
refrigeration systemrlhe entrainment ratio rises as the generator and evaporator temperatures rise, but instead of a sudden dr
the entrainment ratio gradually falls as the condenser temperigase Area ratio is more influenced by nozzle and mixing
efficiencies than diffuser efficiencies. To maximize performance and broaden the working conditions, variable geomesry ejecto
are crucial.

Natthawut Ruangtrakoon et al. (2011) [8] built an expeimental refrigerator with a 1 kW cooling capacity and tested it. The
system was put to the test using various primary nozzles and operational temperatures. From 110 to 150 C was theatioiler satur
temperature range. The evaporator's temperature staye® & all the time. We employed eight main nozzles with various
geometry. Six nozzles with exit Mach numbers of 4.0 and throat widths ranging from 1.4 to 2.6 mm. Equal in throat dizuseter at
mm, the remaining two nozzles have different exit Mach nusbé 3.0 and 5.5The critical mass flow rate via one specific
primary nozzle, which is run at a constant evaporator saturation temperature, rises as the boiler pressure rises. ¢loazzler, th
exit Mach number has not altered. Different quantitiesritical mass flow rate are generated by these nozzles when a number of
them are utilised, each with a different throat diameter, while the boiler and evaporator saturation temperatures wkridia fixe
results of this study allow us to draw the conclosibat the primary nozzle's geometrical characteristics strongly influence how
well the ejector works and how efficiently the system operates.
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Fig3 variation in the entrainment ratio as well as the critical back pressure when using different nozzles

Figure 3.Showsthe variation in the entrainment ratio as well as the critical back pressure when using different nozzles, but fixealthesstflow rate and
also the exit Mach number.

R. Yapici et al. (2008)[9] investigated the best ejector refrigeration syspErformance dependent on ejector area ratio. The
effectiveness of the cylindrical mixing chamber ejectors used in the ejector refrigeration system is investigated utider opera
conditions with choking in the mixing chamber.The investigation is condusied an ejector area ratio between 6.5 and 11.5 at a
compression ratio of 2.47. As the ideal generator temperature rises from 83 to 103 C, the experimental coefficient ariqeerform
of the system in the research varies from 0.29 to 0.41.When the rmourldiffuser efficiencies are considered as 0.90, similar
findings were also discovered in the parametric analysis. There is a best generator temperature at which the ejeatmmrefriger
system produces the most COP for a given ejector area ratio. \Waegeherator temperature is reduced below the ideal
temperature that corresponds to its area ratio, the system's COP decreases very abruptly. In the examined range, tte&a optimurr
ratio roughly rises linearly with the generator temperature.

K. S. Agrawal (2013)[10] completed an experimental observation on a amd#zle liquid jet ejector for a laboratesgale
chlorine (Cl2}aqueous caustic soda system (NaOH). The design of the mass transfer equipment is influenced by the forecast of 1
gas removal effaiveness in the liquid jet ejector. The concentration of absorbing liquid and solute in the gas as well as the flow
rates of gases and liquids have a significant impact on the effectiveness of jet ejectors. Different sets of nozzleeplesed iwe
theexperiment. In this study, a liquid jet ejector was used to assess the rates of chlorine absorption from various gasatncentr
into aqueous sodium hydroxide solutions of varied concentrations. The penetration hypothesis for gas absorption was used
analyzethe experimental data. Theoretical absorption rate calculation model is created. The projected rate of absorption from tl
generated model is compared with the outcomes of the experiments. They were in complete accord. The development o
mathematical madel to calculate the enhancement factor for a jet ejector using the Higbie penetration theory has also bee
attempted in this study.
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K. S. Agrawal [11] developed a mathematical model to estimate the mass transfer coefficient and interfacial area-obaztulti

jet ejector, which was then compared to actual data. The measured values of the interfacial area in the jet ejectoB@06 o th
13000 m2/m3 range. The gas side mass transfer coefficient (kG) and interfacial area (a) must be estimated entcieate

mass transfer characteristics. Using a chlea@gaeous sodium hydroxide solution, a mathematical model is created to estimate the
value of (kG) (a).

Szabolcs Varga, Armando C. Oliveira, and Bogdan Diaconu[12](2009) Studied With the helmf an axesymmetric CFD
model, the ejector efficiencies for the primary nozzle, suction, mixing, and diffuser were found for the first time. Tihg fluidk
was thought to be water, and the operating conditions were chosen to be good for an aineotiitiaises solar thermal energy.
The performance of the ejector was figured out for different ratios of nozzle throat to constant section area. Theovesdilts sh
that, depending on the operating conditions, there is an optimal ratio. For differeatirgpeonditions, the efficiency of the
ejector was calculated. It was found that the efficiency of the nozzle can be thought of as constant, but the efficeeruytiit,
mixing, and diffuser parts of the ejector depends on how it is being used

3. CONCLUSIONS

Jet ejectors are used a lot in the chemical industry because they are very reliable and don't cost much to buy or keep up.
compared to mechanical compressors, jet ejectors aem'ty good at what they do. So it’'s
ejectorsto resolve the low efficiency problemot of research conducted experimentally to investigae performance of the
ejector. But few ofthem by apply CFD analysis in ejecto per f or mance. Th aapplicationhig desigrg h o o
analysis and optimization of eject@rCFD analysis shortens the time it takes to make a prototype, cuts costs, and makes it
more reliable.
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