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ABSTRACT

Nepali traditional alcohol ‘Raksi’, is a culturally significant alcoholic beverage which is
primarily composed of ethanol. The beverage is still produced using traditional distilla-
tion apparatus which often leads to inefficiencies and inconsistent quality. This project
aims to analyze the distillation characteristics of Raksi using Computational Fluid Dy-
namics (CFD) and to fabricate an improved distillation design to enhance efficiency.
By simulating the internal fluid flow and heat transfer dynamics during the distillation
process, the key areas for optimization will be identified. The refined design will in-
clude reflux and other enhancements in the heating and condensation stages to increase
ethanol recovery, reduce methanol content and produce consistent concentration.
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CHAPTER 1: INTRODUCTION

1.1 Background

Varieties of cereal-based fermented beverages are consumed worldwide, which are used
for nutritional as well as medicinal purposes (as antiseptic and analgesic). Although ce-
reals are deficient in some basic components (e.g. essential aminoacids), fermentation
may be the most simple and economical way of improving their nutritional value, sen-
sory properties, and functional qualities [1]. The rice based alcoholic beverages are
known to have provided several health-promoting benefits such as antioxidant, anti-
hypertensive, anti-diabetes, and anti-cancer activities[2]. They also contain vitamins,
minerals, proteins, organic acids, and other nutritional components. Beer, Chyang,
Raksi, Sake, Bouza, Pito, and Burukutu are some of the cereal-based alcoholic bever-
ages consumed around the world [3].

Raksi is a homemade traditional beverage which has been produced and drank since
early century. It is a very strong drink that can be a little cloudy in color or clear as well
[1] which is made from millet(Kodo), rice and other grains. Raksi now ranks as 41st[4]
most delicious drinks world wide, in CNN’s list of the world’s 50 most delicious drinks,
has high commercial value in Nepali community and outside Nepal [5].

Figure 1.1: Traditional raksi distillation utensil

The artisanal creation of Raksi involves a careful distillation process of fermented mash
known as jaand. Using Phonsi, a copper still vessel containing the fermented mash,
alcohol vapor condenses when it touches a cooler surface. This process is precisely
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managed with the innovative Phonsi, Paini, Nani, and Bata setup (Figure 1.2 , Figure
1.1).

Alcoholic distillation relies on the different boiling points of alcohol (78.5°C)[2] and
water (100°C). When a liquid with ethanol is heated between 78.5°C and 100°C, the
resulting vapor, when condensed, will have a higher concentration of ethanol. This
principle allows the separation and strengthening of alcohol content through controlled
heating and condensation.

The distillation process is meticulously executed. During this process, water and other
volatile substances evaporate and pass through the small openings of the paini. These
vapors then condense on the cool surface of the bata, and the condensed liquid col-
lects in the nani. To ensure the best results, the water in the bata is regularly replaced,
particularly when its temperature surpasses 45°C[6]. It’s important to note that as the
frequency of water changes increases, the alcohol content in the final distillate tends to
decrease.

Figure 1.2: Traditional raksi distillation setup
(Adapted from [7])

In Nepal, nobody is allowed to produce liquor without obtaining the license and even
a person who has obtained the license shall not produce liquor except in accordance
with the terms and conditions specified in the license in ’Liquor Act, 2031’. But, it is
not necessary to obtain a permit under the act to make a specified quantity of alcohol
or liquor for private use. Nepal government is also planning to make laws related to
production, selling, buying of Local raksi. And also they are working on for branding
it.
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1.2 Problem Statement

Traditional distillation processes prevalent in Nepal are labor-intensive, energy-inefficient,
doesn’t have pressure and temperature control. The traditional distillation process is
afflicted by heat loss; resulting in high energy consumption, low production yield, in-
consistent quantity and concentration, and chemical contamination by Methanol and
Mercaptan Compound [2]. There is no separation of head, heart and tail of distillation.

1.3 Objectives

1.3.1 Primary Objective

The primary objective is to conduct a comprehensive analysis of the distillation char-
acteristics of traditional Nepali Raksi through Computational Fluid Dynamics (CFD)
simulations and subsequently develop and fabricate an optimized distillation apparatus
to enhance the overall efficiency of the process.

1.3.2 Secondary Objective

1. Analysis of vapor flow, heat transfer, and temperature distribution within a tradi-
tional Raksi distillation setup by using CFD.

2. To optimize the discharge rate of the ethanol by mitigating issue of heat loss,
temperature and pressure control.

3. Identify areas for improvement in the traditional design that contributes to ineffi-
ciencies and fabricate the improved and optimal design of the distiller.

4. To minimize the amount of methanol content in the product.

1.4 Scope of the Project

1. Study of the existing distillation system opens the door for further research and
optimization in distillation system.

2. The modified distillation system will economically support local producers and
entrepreneurs by increasing production rates.

3. The optimized system can be utilized in distillation of different other products
like water, perfume and spirit.
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1.5 Feasibility Analysis

1.5.1 Economic Feasibility

The economic feasibility of the project is evaluated by considering several key factors,
including costs based on the apparatus, sensors, and other equipment. We found that it
can be built within a price range of Rs 26,500. The energy operation cost is supposed
to be around Rs. 265 for one cycle. Although the price may change or increase with
design changes, the enhanced efficiency will support local alcohol producers, and help
reduce production time and effort.

1.5.2 Technical Feasibility

The availability of sensors and raw materials provides technical viability for the smooth
development of the distillation system. The project’s technical feasibility is enhanced
by the availability of simulation tools such as ANSYS, which aids in design analysis
and optimization. The program enables detailed modeling and analysis of the distilla-
tion process, resulting in a better understanding of system behavior and performance.
Engineering evaluations are performed to ensure that the proposed design meets perfor-
mance specifications such as ethanol yield, energy efficiency, and dependability. Any
technical challenges encountered during the development process are addressed through
iterative design improvements and troubleshooting.

1.5.3 Operational Feasibility

The project’s operational feasibility is determined by its practicality and ease of imple-
mentation. The distillation system’s design will have a simplistic design, with not many
changes to the size of the apparatus and the installation of a few sensor systems that
will ensure simple operation similar to the previous design.

1.6 System Requirements (For Development/Implementation)

1.6.1 Hardware Requirements

• Temperature Sensors: Thermocouples or temperature probes for monitoring tem-
perature changes.

• Pressure Sensors: For monitoring pressure inside kit.

• Power Source: To provide electricity for the sensors and kit.
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• Cooling System

• Collection System

• Microcontroller

• Alcohol Meter (Hydrometer)

1.6.2 Software Requirements

• SOLIDWORKS: To design the structre of existing distiller and to model the im-
proved final structure.

• ANSYS: To simluate the flow of ethanol-water vapor inside the distillation cham-
ber.

• MATLAB: To simulate the condensation (phase change process).

5



CHAPTER 2: LITERATURE REVIEW

In the central and eastern Himalayas, traditionally people use a cake called Murcha
(Yeast), a white to cream coloured starter culture cake to ferment a variety of sub-
strates, including the seeds of finger millet(Kodo) (Eleusine coracana Gaertn), maize,
rice, wheat, bajra, sweet potato, ginger or even Rhododendron flower petals to produce
sweet-sour alcoholic drinks, called jaand [8].

Common traditional homebrewed alcoholic beverages found in Nepal are of two major
types, distilled liquors(local raksi) and non-distilled fermented beverages(Jand, Chhyang,
Tongba) from grains, fruits, and sugar. In Nepal, people enjoy a local brew called Jand.
This drink is made by fermenting different grains. Jand is then transformed into a
stronger alcoholic drink called Raksi. Raksi is like a clear, unaged brandy. To make
Raksi, Jand is distilled in a pot still, concentrating the alcohol. So, Jand is the base,
and Raksi is the stronger alcoholic beverage derived from it [9]. Homebrewed alco-
hol is typically around 14 % ethanol (between 10 % and 19 %). Distilled versions are
stronger (3 % to 40%) than non-distilled (1% to 18.9%) [10].

There are several kind of traditional beverage produced in different locations in the
world. They vary from each other according to their taste, odor, source of raw material,
and process. Mostly these traditional beverages differ from each other according to the
production process which is mainly contributed by the structure and efficiency of the
production process. There are only a few studies done on the process of production of
these kinds of traditional beverages which creates the situation of difficulty in promo-
tion and growth of such valuable drinks. The preparation of the Raksi resembles one
of the popular Korean traditional drinks ”Soju” which is manufactured in ”Sojutgori”.
A research has been done to investigate the relationship between the form and com-
position of the Korean traditional distiller, sojutgori (Figure 2.1), which has retained
its historical integrity despite evolving market demands [11]. Temperature fluctuations
and fluid velocity impact the formation of vortices during distillation, and controlling
these vortices can reduce residence time dispersion of ethanol particles, boost outlet
flow speed, and effectively discharge vaporized ethanol particles. The research pro-
posed innovative design modifications (Figure 2.2) that enhanced distillation efficiency.
This research has been the key inspiration for our project.
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Figure 2.1: Inner Structure and Analysis result of the Korean traditional distiller sojut-
gori

(Adapted from [11])

Figure 2.2: Final model of sojutgori
(Adapted from [11])

The conventional production of Raksi involves rudimentary distillation techniques that
are often energy-inefficient and yield inconsistent concentration. During distillation,
water and alcohol vapors are carefully separated. Heat causes them to evaporate, rising
through the paini’s small holes. These vapors then cool against the bata’s cold surface,
turning back into liquid and collecting in the nani. To keep things efficient, the bata’s
water is regularly changed, especially when it gets hot (over 45°C)[6]. Interestingly,
the more often the water is changed, the less alcohol ends up in the final product. Re-
cent advancements in computational fluid dynamics and modern fabrication methods
provide opportunities to analyze and enhance these traditional processes.

Distillation is a method for separating two or more liquid compounds on the basis of
boiling-point differences. The boiling point of a mixture is a function of the vapor pres-
sures of the various components in the liquid mixture. As a liquid is heated, its kinetic
energy increases; more molecules move into the gaseous state, thereby increasing the
vapor pressure. Therefore, the prediction on column efficiency to separate the ethanol
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from the mixtures relies on the fact that mass and heat transfer between the liquid and
vapor phases [11]. In addition to it unstable temperature control and cooling struc-
tures lead to strong undesirable flavors, including raw material odor, wake odor, and
burnt odor. It has been noted that the temperature distribution in the fermented wash,
influenced by the direct fire heating method and the distiller’s design and materials, af-
fects the process [12]. Research is ongoing to assess how different heat sources and
the structural properties impact distillation efficiency. Numerous studies suggest that
computational fluid dynamics is a valuable tool for these investigations [13].

The Navier-Stokes equations mathematically characterize transport phenomena like
fluid motion and mass transfer [14]. Derived from mass, momentum, and energy bal-
ances, these equations are a set of partial differential equations. However, they possess
analytical solutions only for straightforward scenarios. CFD consists of the use of pow-
erful computers and numeric methods to solve the transport equations in fluid systems.
CFD has been widely used for the modelling and improvement of different process
equipment, such as fermenter [15], heat exchanger [16] and distillation system [11],
where important achievements have been reached. The multi-phase models that can
apply in the distillation column are volume of fluid (VOF), mixture and Eulerian mod-
els. The VOF model can be applied to simulate the multi-phase flow for gas-liquid flow
[17, 18].

Singh [19] studied a design and prediction of concentration and temperature distribu-
tion for Benzene-Toluene system using two-phase Eulerian framework. In this study a
mixture model was developed to give the predictions of the amount of alcohol produced
per day. In a Structured Packed Distillation Column, the average relative error between
CFD predictions and experimental data is 20.3 % for dry pressure drop, 23% for irri-
gated pressure drop, and 9.15% for mass transfer efficiency. These results demonstrate
a good agreement, proving that CFD is a reliable, cost-effective, and suitable technique
for designing and optimizing separation processes [20]. In the numerical Analysis of
an Ethanol-Water Distillation, the distillation system initially operates in an unsteady
state. However, after 35 seconds [11], it transitions to a steady state.

This research seeks to investigate how the traditional Nepali raksi distiller works, with
its unchanged shape and material due to historical and market factors, affects distillation
efficiency. Using CFD, the study aims to correlate the design aspects with distillation
efficiency. Ultimately, the goal is to suggest a novel design that enhances the distillation
process based on the findings.
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CHAPTER 3: METHODOLOGY

Figure 3.1: Methodology Flowchart
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3.1 Study of working of existing traditional distiller

A number of visits will be carried out to the location where the raksi are being made
using a traditional distiller. The questionnaire will be carried out to understand the facts
and belief in working on the traditional distillation process.

3.2 Design and simulation of traditional distiller

3.2.1 Geometry and CAD Modeling

Exact dimensions of the structure of the existing distiller will be extracted through the
average of the data collected during the visit to different locations, shops and museums
while studying the working of the existing traditional Raksi distiller. During this we
must have the accurate data of material used, method of heat employed with rough tem-
perature measurement of the vessel, pressure inside the distiller, discharge rate. Based
on these dimensions, 3D CAD Model (Figure 3.6) of the traditional distiller will be
developed using SolidWork CAD Software 2023(Dassault System). It must be an exact
model with no difference in types of material and process used to manufacture it.

Figure 3.2: Phonsi
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Figure 3.3: Paini

Figure 3.4: Bata

Figure 3.5: Nani
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Figure 3.6: Assembled components

3.2.2 Fluent simulation

The exact geometry designed in Solidworks should be imported in Ansys Software
to mesh it appropriately considering need of higher accuracy region which should
have finer mesh. When utilising Ansys Fluent to see the simulation, we will be us-
ing pressure-based solver for steady-state analysis in first phase and same process will
be carried out for the transient state if we result are not satisfactory. Each fluid region
will be analysed as single phase liquid separately for tormented jaand and in liquid
phase and the ethanol vapor in in gas phase.

After enabling the necessary models following conditions will be used:

• Equations: Energy equation, momentum equation

• Material: vapor (ethanol-water mixture ) inside copper vessel

• Thermal properties: temperature and pressure, discharge rate, viscosity,

• Boundry conditions: inlet mass flow rate based on the amount of extracted ethanol
measured on the surface of fermented wash, and also by the outlet volume flow
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rate of ethanol vapor [21].

• Wall conditions: no slip, temperature, or heat flux.

After setting up the solver the simulation will be initialized with the hybrid initialization
method and the simulation will be run. The CFD simulation will be conducted in the
following three steps to get different results:

• In the first step, the temperature change caused by the energy that fermented
wash received from the heat source and the flow and speed of fluid inside the
liquid will be tracked [21]. The fermented wash area will be set as one sub-fluid
area, and suitable point goals for tracking temperatures were set at the centers of
three-dimensionally evenly distributed grids. The number of goals that satisfy the
condition of 78°C at which ethanol vaporizes will be coupled with the inlet mass
flow boundary condition of the fermented wash surface.

• In the second step, the fluid flow of the ethanol vapor will be observed based
on the inlet mass flow in the fluid area of fermented jand. To implement the
re condensation effect of ethanol vapor due to heat loss at the outer boundary,
suitable number of surface goals will be set in the direction of height on the
bulkhead comprising the gas area. Then the ethanol vapor loss will be calculated
by setting the outlet volume flow boundary condition in the area where the vessel
temperature decreased to 75°C or lower. The changes in streamlines, speed, and
temperature inside the fluid area will be accumulated, and the flow of fluid in the
gas area will be analyzed continuously according to the time dimension [21].

• In the last step, the residence time, speed, and emission of individual particles
were checked by floating objects assumed to be The ethanol vapor particles in
the fluid flow over time, which was obtained in the second step using the particle
study module [21].

In order to find out the existing discharge efficiency of the ethanol, condensation of the
ethanol vapor will be simulated sing Volume of Fluid(VOF) method.

Related governing equation which are useful for simulation:

The continuity equation for the mixture is

∂ρ

∂ t
+∇ · (ρu) = 0 (3.1)
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The mass-averaged velocity, u, for a mixture is defined as:

u =
∑i ρiui

∑i ρi
(3.2)

Mixture density:
ρ = ∑

i
ρiαi (3.3)

The momentum equation for the mixture can be obtained by summing the individual
momentum equations for all phases:

∑
i

(
∂ (ρiui)

∂ t
+∇ · (ρiuiui)

)
= ∑

i
(−∇pi +ρig+ fi) (3.4)

The mass fraction for any phase:
Yi =

ρi

ρ
(3.5)

where, ρi = Fluid density for phase i.

ui= Fluid velocity for phase i.

g= acceleration due to gravity.

fi= forces acting on the i-th phase

3.3 Analysis of the result of simulation

Fire points above 100°C must be noted down if detected in the CFD analysis of the
digitalized Raksi distiller model. Since the shape of the distiller is curvy, strong vor-
tices is expected to be observed at the top and bottom around the center. These vortex
that occurs in the movement path of vaporized ethanol interferes with the discharge of
ethanol particles and increases the residence time of particles, which acts as an obstacle
to the acquisition of homogenous alcoholic liquors[21]. Similarly temperature spread
of fermented jaand is known to induce the carbonization of organic compounds in the
fermented wash and to cause the simultaneous vaporization of water and carbonation
component with ethanol [21]. This problem is expected to be mitigated by the end of
the new optimized design.
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3.4 Design and fabrication of optimized distiller

After analyzing the result of the CFD simulation of the traditional distiller with several
post-processing, different changes will be made. The new design will also be modeled
in SolidWorks 2024. Fabrication being an equally crucial part of the project will be
done in proper manufacturing techniques. On the basis of the new CAD design first
the suitable material will be selected. Then lower and upper optimized part will be
manufactured through rolling. The condenser will be manufactured through the same
process but it might have a better design for faster condensation. Different temperature
and pressure sensors will be added into the design. The new design is expected to have
the following optimization:

• A stable and air tight structure

• Increase the efficiency and discharge rate of the ethanol production.

• High convection rate inside the distiller.

• Least heat loss into the surrounding through the wall.

• Temperature and pressure controlling feature.

• Refined distillation by the use of reflux ring.

3.5 Simulation and testing of the new design

The new design will be simulated in Ansys fluent similar to the old design and similar
properties and the result will be analyzed to make sure the problem was solved. After
fabrication, experimental testing of the new design will be carried out. The result from
testing will be compared ti the result of the simulation after several post-processing. If
the results do not match the simulated result, the fabrication process will be done again
with required improved and testing will be repeated until the observed inefficiency are
not reduced.

3.6 Documentation

When the results of testing are satisfactory documentation process begins. After proper
references and plagiarism testing final draft of the project report will be prepared.
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CHAPTER 4: EXPECTED OUTCOME

4.1 Implications and Significance

After the project concludes, the anticipated results are as follows:

• A modified distillation system for the production of Raksi that reduces time and
energy consumption.

• An integrated system that continuously monitors and displays real-time tempera-
ture and pressure parameters of the distillation process.

• Comparative analysis of vapor flow, heat transfer, and temperature distribution in
both a traditional Raksi distillation setup and a newly modified design.

The new design will be suitable for both the local and the commercial producers. The
project will also contribute to enhancements in various other distillation processes.

4.2 Budget Analysis

For our project, a substantial portion of the budget will be dedicated to fabricating the
distillation apparatus and procuring essential electronic components. A comprehensive
breakdown of the cost estimation is outlined in the table provided below:
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Table 4.1: Budget Breakdown

Component Quantity Rate (Rs) Total Cost (Rs)
Copper – 10000 10000

Copper bubble cap tray 2 5000 5000
Heater 1 3000 3000

Temperature sensor 1 1600 1600
Pressure sensor 1 1800 1800

Pressure relief valve 1 1600 1600
Water pump 1 1200 1200
Hydrometer 1 700 700

Microcontroller (Arduino UNO) 1 1600 1600
Millet 12kg 330 4000
Yeast 5 20 100

Laboratory testing – 4000 4000
Fabrication – 10000 10000

Others – – 5000
Total – – 49600

Note: The figures provided are estimates and subject to change based on market fluctu-
ations and project requirements.

4.3 Work Schedule

4.3.1 Work Scheduling

The tasks to be done in this project are listed below in tabular form (Table 4.2), along
with the estimated time they may take to complete:

Table 4.2: Work Scheduling

Task Duration
Literature Review 8 months

CAD model and Simulation 2 months
Order of materials 20 days

Fabrication 2 months
Testing and data collection 2 months

Documentation 9 months
Final report 20 days

4.3.2 Gantt Chart

The entire workflow and the whole timeline of the project is shown in the Gantt chart
below:
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2024 2025

May Jun Jul Aug Sep Oct Nov Dec Jan Feb MarMonth

Literature Review

Proposal Writing

Consultation and Data Collection

Preliminary Design

Analysis of Design

Fabrication

Mid-Term Report

Experimentation and Analysis

Post-processing

Documentation

Final Report

Figure 4.1: Project Timeline
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