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Abstract

Indinwsailomayilesper cauahes have always
been clepenclo.nt on the windows for natural
ventilation. Be it hot or cold or raining out-
side, closing the windows was never a fea-
sible option. It only meant sacrificing on the
passenger's comfort and the proper ventila-
tion. The open windows also invites in loads
of dust at high speecls and passengers are
olfben prone o Hhell of aw Belangings Sueis
open windows. The project thus is carried out
from a proposa] by the Indian milways for
developing a forced air ventilation system
for a s]eeper coach thus eliminq’[ing the need
for openqble windows , and clepencling on
them for ventilation. The project also aims to
improve the overall hygiene and cleanliness

of the coach.
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[ntroduction

The Indian Railways

The history of rail transport in India began in
the mid-nineteenth century. The motive
behind devloping railway services in India
came from London. Till 1850s there was not a
single kilometre of railway track in India.
The first train that plyed on Indian tracks
was introduced between Bombay (now
Mumbai) and Thane in 1853. From 1857 on-
wards a British engineer named Robert Mait-
land Brereton was assigned the task of the ex-
pansion of the railway programme. He
worked on the construction of the Bombay to

Caleutta (now Kolkata) rctﬂwc:y network

which later formed the backbone of the

The Indian railways is an Indian state-owned
enterprise, owned and operated by the Gov-
ernment of India under the Ministry of rail-
ways. Spanning over 65000 Km of track
route and more than 7500 railway stations. It
is the fourth largest railway network in the
world behind the United States of Americq,
China and Russia. (Indian Railways, wikipe-
dia nd.)

Of the total railway route, 16,001 Kms are
electrified. The railways have 8000 locomo-
tives, 50,000 coaching vehicles, 222,147
freight wagons and a humongous work force
of 154 million people. Indian Railways runs

around 11,000 trains everyclay, of which

7,000 are passenger trains which includes the
long distance trains as well as the dedicated
suburban railway network in select cities
such as Mumbai, Kolkata, Chennai, Delhi
and Bangalore and Lucknow. Hyderabad
and Pune share their sub urban railway
tracks with long distance trains.

Inspite of this Indian rail infrastructure suffers
from chronic under-investment which cripples
its potential for freight movement and upgra-
dation. Indian railways need extensive mod-
ernisation, improvement of safety and mod-
ernisation of the rolling stock with attention
to passenger comfort to meet the needs of a
rapidly growing economy. (Ankit Rastogi

2013)
0]
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ain  runs
and Thane

Passenger

carrying fleet

2.1 The mushrooming populo.’tion

Over time the passenger traffic has risen leaps
and bounds from 1284 million in 1950-51 to
5112 million in 2002 - 2003, Increase in India’s
populaﬁon and demand for work, supplies ete
has contributed heavi]y to the raiIWcly usage.
The railways have contributed in connecting
all the extremities and the corners of the coun-
try into one unified network. The inter con-
nectivity among different trains thus require
an enormous amounts of long distance trains

which can support the transit of thousands of

people clczily, (Ankit Rastogi 2013)

02

With average speeds of 90Km/hr the long
distance trains (Express trains) can take any-
where from 24 hrs to 82 hrs to reach their des-

tination.
2.2 qusenger classes in trains

There are 3 reserved passenger carrying class-
es currently in the long distance trains
nqmely the Sleeper class, 1st AC, 2 tier AC
sleeper and the 3 tier A.C sleeper. Chair Cars
are not in use in trains where journeys exceed
10 to 12 hrs. Apart from the reserved classes
there are 2 to 4 coaches attached for unre-

se I'Vi?d passengers.
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ist A.C

The First class A C is the most expensive class
where the fares are on par with airlines. Bed-
ding is included in the fare. These coaches are
single or two in number in select trains of
popular routes and carry 18 passengers in the
old ICF (Integral Coach Factory} coaches and
24 passengers in the newer LHB coaches
(presen’[ in some Ra]'dhqnis and Durontos).
The coaches are carpeted and have privacy

feafures hke pQISOIlCll COUpQS.
2 tier A.C sleeper

Air conditioned coaches with berths for sleep—
ing, wider seats, ample leg room, curtains and
individual reo.ding lamps. Berths are ar-
mnged in two tiers in bays of six. Four berths

along the width of the coach in the aisles and

two qlong the gangway.

NVAY SLEEPER COACHES

B(—?r.ifii]'_-r___{ included in the fare. Curtains offered
for privacy. [t can carry 46 passengers in case

of the ICF coaches and 52 in the LHB coaches.

3 tier A.C sleeper

Air conditioned coaches with sleeping berths.
Berths are '..E]']f.'li'lt_'](-’ti“l in a similar fashion to the
9 tier coaches but has six berths l.'ltH.lLl'-:J{ﬁ'-_l
width wise in the aisles (3 tier '(_1[i{_.LL'lt':](-_-.‘;'Il(-:‘tl'__:'
and two t'llt:i'l].'i_.'] the gangway. Tlmy are usu-
r.L:_ly less -:_1]_'Jpr_}iL11{-3r_'}-i com __r_ur_'a.'c-_-\:_'l to the other air
conditioned classes, I_L.“JI_J.(.ll-_y no Lu:-:-'a_u_ﬁi'_r;_; li;:_[[‘li:’;
r..L;ll'lf.nl.lc:_;'t'l curtains are f'.':-lc'.':-'v'if-::l";rr.{ Bze&‘.‘lf';lilu..; in-
cluded in the fare. It carries 64 passengers in

H"IG_".‘ _kil_ {_':')l"_l[:-:l'J_l:_-.‘!',' ('_11'_{:[ /Z is I::i'lﬂ-}.‘ 41_“:‘ '._"_}{_'lf._‘l'lt'-';f.’).

03
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Sleeper C].C].SS

the backbone of the system and the project

3.1 The most preferred one

Although the most preferred class for travel,
the sleeper class is certainly not the most com-
fortable way to travel. Most preferred by
people because of the cheaper tickets com-
pared to the least expensive air conditioned
class. Sleeper class fares are almost one third
of the fare of the 3 tier AC sleeper (it's richer
sibling). The arrangement of the berths is in
the same format, six seats width wise in the
aisle and two seats along the gangway. Bed-
ding is not provided and there is no provision

fOI pfiVClCY fOl' ’rhe passengers. Sleeper C].O.SS

04

can be quite crowded (al’rhough in Jtheory all
berths must be reserved, so it can't get over-
crowded) because of locals who use the class
to commute daily where suburban trains are
not available as well as the waitlisted pas-

sengers without a confirmed ticket.
3.2 Po.ssenger facilities and comfort

The sleeper class is the basic choice which ac-
tually gives the best view of a countryside
compared to the most AC coaches with sealed
windows. It has openable windows as venti-

lation is provicled solely by them and has

ceiling fans to save the passengers during hot
sumers. Monsoons can be best and the worst
too. The rain and the flowing wind can be
the most comfortable thing along with the
spectacular views outside. But unfortunately
if it's raining too hard the windows have to
be kept shut and it can get quite stuffy inside
as well as dark inside. During winters the
nights get too chilly as the trains cross a lot of

climatic zones in India .

(Right) The seating/sleeping layout in a typical sleeper class coach
with six berths widthwise along the aisle in a tier of three and two seats
length wise along the gangway in a tier of two.



Percentage calculation of sleeper class passen-
gers in an express train of 24 coaches.

Ist AC1no. x 18 (passengers) = 18 (1%)

2 tier A.C sleeper 1 no. x 48 = 48 (4%)

3 tier A.C sleeper 4 nos. x 64 = 256 (20 %)
Sleeper Class 14 nos. x 72 = 988 (75%)

Passenger seafing lQYOU.‘t in a sleeper ClClSS

COO.CI’I
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3.3 Passenger inconveniences with the

existing system

Apart from the temparature problems inside
the train depending soiely on the windows
for ventilation has its own problems.

The train at high sppecls invites in a lot of
dust which affects the cleanliness of the interi-
ors badly, Frcmkly speaking interiors of a
sleeper class always look dirty even though
they get washed regularly at the carsheds.
The dust from outside accumulate on the
berths and with people repeatedly sleeping
on it, the dust adheres well to the berths due

to l::ody sweat lencling ita clirty sticlty feel

During rains the louvered part of the window
generally doesn't help and the glass panel has
to be pulled down. With no ample room for
ventilation the interior becomes stuffy.

The toilets are grim, unpleaso.nt odours con-
stantly waft throughout the compartment
whether the train is moving or stationary.
Since there are no zones defined in a sleeper
coach any number of people tend to get in
and try to manage to sit wherever they can.
Eunuchs and beggars too find their daily
source of income in the sleeper coaches.

There is a tendency of people to throw stuff
like cow dung, stones or water balloons

(during holi) onto moving trains.

05



Design

ol
\

Opportunities

4.1 What to cl'lo.nge

Over the period of time Indian railways has
expanded greaﬂy both in terms of track
]engﬁl and train services making it the most
preferred transit system over other means. Al-
’rhough low fare airlines were introduced
around 2008 and 2009. Nothing matches
the dependabihty of a well or‘ganiZed system
spread thousands of Kilometres across con-
necting almost every corner of the nation to
another. In its 150 years of service the rail-
ways has both flourished and seen tough
times only to redesign and innovate for a

]eap O.E'IQCLC]..

06

Passenger comfort therefore becomes an inte-
gral part which needs to be looked in and im-
pl'ove& bit by bit.

The 1'c111wc1ys has thus offered interest in re-
solving the issues mentioned earlier for the
s]eeper coaches in long distance travel by
1ookmg for a ventilation system that becomes
the baby steps for one aspect of passenger
comfort.

Though a lot of new air conditioned trains
such Duronto, Garib Rath etc are started, there
has been neghglence from the authority and
the passenger point of view to look into ways
which can improve how almost 80% popula-

tion in a train travels.
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Design brief

To clesign the most apropriate solution
for providing artificial ventilation in
the sleeper coaches of Indian railwcxys
which provicles passenger comfort and

an overall hygienic environment.

5.1 Factors behind the design brief

The design challenge apart from requiring
technical intervention requires the under-
standing of usability and passenger comfort
as well as a high service life and easier main-

tenance

08

5-2 Primary and SECOHdQI’Y users

The Primary user group comprises of the pas-
sengers of the train who will be constantly
exposed to the created environment through-
out the journey. Considerations for proper air
flow , prevention of rain water seepage (due
to artificial intervention) need to be account-
ed the most. The primary users won't be inter-
acting directly with the product but should
have some provision to tweak it as per their

neecl

The secondary users are the maintenance

staff who will have the responsibility of
cleaning the system and ensure proper main-
tenance over the ourse of the train journey. It
should be thus easy for them to comprehend

and understand it for it's proper funcfioning

5.3 Design wishlist

What needs to be achieved and what guicles
the clesign brief are highh’ghted aside.



Rethinking on the ventilation
system in a sleeper class coach,
which over the years was
dependent on the natural
airflow through windows.

Opportunity to create hygienic
ambient conditions free from
dust and pollutants as well as

keeping obnoxious odours from

the toilet at bay

Reducing the ambient noise

level

Ease of maintenance in limited

time as the train halts or is in

the yard

Image courtesy
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Rollmg stock

f Indian Railways

Passenger railway coaches are generally cat-
egorized lOCtSEd on their manufacfurer or on
their primary power source for handling elec-

trical fiﬁjngs inside the coach.

6.1 Based on the manufacturer

ICF COACHES

The older rakes of the Broad gauge (1676mm)
of the Indian railways are manufactured in
India in the Integral coach factory (ICF) in
Perambur, Tamil Nadu since 1952 as well as
in Rail coach factory (RCF) Kapurthalg,
Punjab. These coaches can be identified by

the distinguishable blue and white livery.
(The Indian Raﬂways fan club n_d_)

LHB COACHES

LHB coaches are passenger compartments of
Indian rqilways that have been &evelope&
by Linke Hofmann Busch of Germany 2
(remnamed Alstom LHB GmbH in 1998 after
the takeover by Alstom) and currently pro-
duced by the Rail coach factory in Ka-
purthala. They are in use since 2000 on the
Indian Broad gauge (1676mm) network. Ini-
tially 24 air conditioned coaches were import-
ed from Germany for use in the Shatabdi Ex-
press, after which the RCF started

manufacturing after technology transfer.

The coaches are designed for an operating
speed ranging from 160 Km/h to 200 Km/h.
However test runs were conducted upto a
speed of 180 Km/h. Measuring at 23.54 m
length and 324 m width, they are bigger
compared to the conventional ICF rakes and
i i e G e
bmking and pneumatic suspension ensures
better safety and passenger comfort. The

noise levels in a LHB coach is lesser comparecl
to the ICF coach 60 decibels versus 100 deci-
bels. (LHB Coaches n_d_)

(Right). Modernized LHB rake being used in Shatabdi Express
Image courtesy
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The RCF began to manufacture other vari-
ants of LHB design like the A C first class, A.C
2-tier sleeper, A.C 3-tier sleeper, bot bulffet
(pantry) car ete, from 2001 to 2002. RCF
rolled out the first rake in December 2002
which was used in Mumbai-New Delhi Rajd-
hani Express in December 2003. As of March
2011, 997 LHB coaches were manufactured by
the RCF. The premier trains such as Rajdhani,
Shatabdi and some of the Durontos got the
privilege for using these rakes.

Indian railways have decided to replace the
conventional ICF made sleeper coaches with
the modern ICF coaches by the end of 2016.
Trains such as Poorva express and Purushot-
tam express have upgraded to RCF made non
air conditioned LHB coaches. (LHB Coaches
nd.)

(Above), RCF made LHE sleeper coaches are in use currently in few trains such as Howrah-New Delhi Poorva express and the Purushottam express

(Left). The existing rake of t : / used inevery long dis-
fance train

Image co

13
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6.2 BCI.SQC]. on ’che POWEI supply gen-

erator

SG COACHES
SG stands for selg generating. Power supply

demand for electrical equipment as well as
air conditioning is met from axle driven tran-
som mounted brushless alternator which is
rated for 110 V D.C supply.

At slow speeds and during halts, the power
requirement is met from 11OV lead acid bat-
teries mounted on the underframe of the
el Gonerdlly msedi el Posdiorwusd
in trains except Rajdhani, Shatabdi or

Duronto are SG coaches. The new LHB sleeper

rakes are SG COClCl'IES as weH

EOG COACHES

EOG or end off generator coaches are aircon-
ditioned coaches used in trains such as Rajd-
hani, Shatabdi and some Durontos. They are
available in the ICF based model of coaches
as well as the LHB model of coaches.

These coaches draw their power from the
diesel generating seta carried in coaches put

in the front and/or rear of the rake.
The generators function at 415/750V, 3
phase, 50 Hz AC supply.

Power is distributed throughout the entire
rake and thus to each coach through two sets
of 3 phase 415/750 V feeders. Each coach is
provicled with control, changeover arrange-
ment on a control panel. (The Indian Rail-

wWays fClI'l C].U.b 1'1('1)

(Right). EOG coaches in LHB and ICF Rake showh alongwith the generator
cars
Image sources (shown clockwise from top)
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EXP].OI 1119

technologies for ventilation systems

7.1 Mechanical ventilation system

Broadly speaking mechanical ventilation
stands for forcing air in or out of a chamber or
duct by means of a fan generally operated
by electricity.

If well designed, installed and maintained,
there are a number of advantages to a me-
chanical system.

Mechanical ventilation are considered to be
reliable as they constantly supply a same
rate of airflow regardless of the impacts of
variable wind and ambient temperature.

Filtration systems can be installed in

mechanical ventilation so that harmful mi-
croorganisms, pcr’riculates, gases, odours and
vapours can be removed.

The airflow pa’rh can often be controlled.
Mechanical ventilation can work every-

where when elec’[ricity is available.
7.1.1 Extract ventilation system

Exhaust ventilation systems work by depres-
surizing the chamber. By reclucing the inside
air pressure below the outdoor air pressure,
they extract indoor air from a chamber while

make—up air infiltrates through leaks in the

body shell and through intentional, passive
vents.

PROS

They are relatively simple and inexpensive
to install Typically, an exhaust ventilation
system is composed of a single fan connected
to a cenh‘ally located exhaust point in the
chamber.

CONS

Extract ventilation system is most suited in
cold climates. In climates with warm humid
summers, depressurizaﬁon can draw moist air
into wall cavities where it may condense and

cause moisture damqge‘(U.S Dept. of energy
nd.)



7.1.2 Supply ventilation system

Supply ventilation of forced air ventilation
systems work by pressurizing the chamber.
The system uses a fan to force air into the
chamber while air inside leaks out of the
chamber through intentional vents.

A typical supply ventilation system has a
fan and duct system that introduces fresh air
into the chamber .

This system allow better control of the air
that enters the confine than do exhaust venti-

lation system..

DESIGNING A FORCED AIR VENTILATION SYSTEM FOR RAILWAY SLEEPER COACHES

PROS

Supply ventilation also allow outdoor air in-
troduced into the confine to be filtered to
remove dust and other pollutants from out-
side and can be dehumidified for humidity

control.

This system is well suited for hot or mixed cli-

mates.

7.1.3 Balanced ventilation sys’tem

Balanced ventilation systems neither pressur-
ize nor depressurize a chamber if properly de-
signed and installed. Rather they introduce
and exhaust approximately equal quantities
of fresh outside air and polluted inside air re-
spectively.

This system is suitable for all climates.

This system usually has two fans and two
duct systems and facilitates good distribution
of fresh air by placing supply and exhaust
vents in appropriate places.(US Dept. of
energy nd.)

17
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7.2 Ventilaton in airplanes

Adirliners obtain clean compressed air from the
engines and use this for air condi’rioning, ven-
tilation and pressurization.

The air is taken in through the jet engines and
after bringing it to a suitable temperature it is
circulated in the cabin. Beneath the seats
there are exit valves for the air which leaves
the cabin and mixed with more fresh air it is
recirculated back into the cabin. In general it
is 50% outside air sucked by the plane’s

engine and 50% re circulated air.

20

Central storage bin

Cabin air exhaust

(Above). Typical air crculation inside the passenager cabin of an airplane

Air distribution duct

Air outlet for cabin




7.3 Componen’fs for ventilation sys-

tems

EXTRACTORS

Roof Extractors are motor driven fan unit
having an aluminium cﬂloy impeﬂer, aerofoil
section blades and mostly placed on the roofs
of houses, warehouses or other buildings to
suck the foul air in the chamber and replenish

it with fresh air from intentional passive

vents on the walls or windows.
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FANS

Fans form the backbone of ta forced air venti-

lation system, ’[hey are used to regulq{e a con-
stant flow throughout a ductwork or a regu-
lated flow of air in a chamber. Fans may be

categorized into.

Axial flow fan

Axial flow fans clevelop high pressures and is
used for moving air through long sections of
ductwork.

The fan can be made integml with the duct-

WOIlE removing ’the neecl EOI’ a base.

Centrifugal fan

Compared to a propeller fan used in exhausts,
the centrifugal fan has characteristics that
make it desirable for duct work.

It builds more pressure from the inlet to the
outlet and moves more air with more pres-

sure.

IMPELLER
WHEEL  rRamEs

Centrifugal fan
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AIR FILTERS

A par’[iculclte air filter is a device composed of
fibrous materials which removes solid par-
ticulates such as dust, poﬂen, mould and bac-
teria from air. A chemical air filter consists of
an absorbent (example activated charcoal) or
cqtalys’r. Air filters are used where air quc:lity
reaﬂy matters for example ventilation sys-

tems and in engines.

Panel type filter

Flat panel or in vee formation to increase the
surface contact area.

Available in dry or viscous composition in
disposable format for simple fitting within the
ductwork.

Dry filters can be vacuum cleaned to extend
their life, but needs to be replaceci over time.
The viscous filter is coated with an odourless,
non toxic, non flammable oil. These can be

cleaned in hot soap solution and recoated

with oil.

22

(Above). Panel type air filter

Frratrer m Jrnadian /7790
Www permatron.com/media/222;

washable-filter |pg

(Above). Panel type air filter htto//www freepats

ArQe |2d

permatron-maodel-in

Bag type filter

Provides large contact area.

When the blower is inactive the bag hangs
hmply.

Resumes horizontal profile during operation.
Fabric bags can be washed and periodically
replaced.

:
}
3__

= i S Mg )

(Above). Bag type air filter

Hoo e e kltd covn /imana litran Nibrarv/adair/aifiowukdtd.corm/for
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(Above). Electrostatic filter for HVAC sy

Electrostatic filter

It has an ionizing area to which the dust par-

ticles cling by acquiring a positive charge.

Cartridge filters

Genemﬂy used as airfilter for automobiles,
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Fiberglass panel Filters Inexpensive, Low air flow

restriction

Low air flow restriction,
frequent change not
necessary as a pleated filter

Media Air Filter Pads

Electrostatic air filters Permanent and washable,
maoderate airflow restriction,
generally lasts for few vears,
high dust loading capacity, no
electricity required, lower
maintenance and running
cost

(Above), Comparative analysis of few variants of filters

Cartridge filters offer the ease of chqnging
and easy maintenance, they can be equipped

with electrostatic fibre for dust retention.

They offer very gOOCI air flOW

Mot efficient, allows most
dust to pass through

Messy removal and
rmaintenance difficultyin
remaving from frame and
fitting

Cleanina required oncein a
month

Disposable, Filter thickness
ranges between 1" to 27

Disposable, ¥4, 1 and 2 inch
thicknesses available

Cleaning easy, washable and
can be vaccumed, 'z and 1
inch thickness available

Since they allow most dust to
pass trough they are possibly
the worst choice for a
ventilation system

Very high dust loading
capacity, frequent changes
not necessary, made from
polyester fibre bonded
together

They last years if
maintrialained properly, they
are green unlike the
disposable air filters some
brands use anti microbial
protection which inhibits the
arowth of mould on the fibre
material
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Other

methods for ventilation and cooling

8.1.1 Evo.pora’tive cooling technique

An evaporative cooler is a device that cools
air ’[hrough the evaporation of water. Evapo—
rative cooling differs from tyical air condi-
tioning systems which use vapour compres-
sion and absorption refrigeration cycles. The
temperature of dry air can be dropped consid-
erably by phose change of liquid water to
vapour at a much lower cost than air condi-
tioning. Evaporative cooler works better in
drier climates and adds moisture to the ch'y
air. A simple example of evaporaﬁve cooiing

is the bocly perspiration, or sweat secreted
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1]

by the body to regulate it's temperature.
Evaporative cooling is dependant on the tem-
perature and the humidity of the air. Hot and
humid places don't benefit from evaporative
cooling and it creates more discomfort.

(Evaporative cooler, wikipediq nd.)

‘Wood wool evaporative pads

8.1.2 How it works

Evaporative cooling lowers the temperature
of the air by the latent heat of evaporation,
changing water to water vapour. The energy
of the air remains constant in the process. The
warm air outside is used to evaporate the

water . The relative humici’ry increases to

70-% to 90% which inturn may reduce the

cooh'ng effect of human perspiraﬁon_

Heat insulation —— .
Cool bumid air Evaporative cooler
Air duct to home = Usu. Heat of vaporization: 2257 K1/kg, of water
Cooling = 2140 BTU/kg evaporated water

Blower motor =§
4’——' Water distribution lines
4 .
Hot Dry Outdoor Air — 2 3 € |0t Dry Outdoor Air
o — -

Blower
‘Wood wool evaporative pads

Recirculating water pump
Water pump screen

ARARAL

LY

Overflow tube \\\\
T |
to Tap water

(Above). Cooling cycle of an evaporative cooler
8.1.3 Materials used

Trddi’tionaﬂy evaporaﬁve cooler pdds consist



of grass or wood fibre inside a containment
net, but plasi‘ics and melamine paper are en-
tering use as a cooler pacl media. Wood fibres
isaidh saiiin-of dhie water andl bas & langer
surface area which allows it to cool the pass-
ing air to a much lower temperature than the
synrhe’tic materials. But wood fibre is known
to host mould and mildew which is absent
when  synthetic  padding is  used.
(Evaporative cooler 2013)

8.2.1 Vortex cooling

The vortex tube generally called the
Ranque-Hilsch vortex tube, is a device which

separates compressed air into hot and cold

streams.
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(Above). Flow diagram of a Ranque-Hilsch Vortex tube
http/fenwikipediacra/wiki/FleTube_de_Ranque-Hilschpng

Pressurized gas is injected rangenﬁaﬂy into a
swil chamber and accelarated to a hig}r rate
of rotation. Due to a conical nozzle at the end
of the tube, on]y the outer shell of the com-
pressecl gas is allowed to escape from there.
The remainder gas then forms an inner
vortex of reduced diameter and escape from
the other side of the tube.

They are not as effective as a traditional air-
conditioning equipment . They are used for
inexpensive spot cooling where compressed

air is available.

8-2-2 AIE‘Q Of use

Commercial vortex tubes are designed for in-
dustrial apphcations to prociuce a tempera-
ture drop of about 26 degree Celsius. With no
moving parts, no electricity and no Freon, a
vortex tube can procluce refrigeration upto
6,300 k] using only filtered compressed air at
100PSI (689 kPa). A control valve in the hot
air exhaust adjusts temperatures, flow and re-

frigeraﬁon over a wide range. (Vortex tube,

wikipedia n.d.) (Belden nd.)

25



DESIGNING A FORCED AIR VENTILATION SYSTEM FOR RAILWAY SLEEPER COACHES

Design brief

The revised one

9.1 Insigh’ts from the Jt<=:¢:hnc>109‘icc11

studies.

The techlological studies presented us with an
over view of the possible ventilation systems
and the components available to achieve our
task. Firstly talking about the users both pri-
mary and secondary. Equal weightage needs
to be given for the passengers comfort as well
as the simplicity of the product so that its

hassle free in maintenance.

9.2 Pa ssenger considerations
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Passengers are the ones who are going to
spend the maximum time in the compart-
ment and primarily providing them with a
fresh clean airy environment is a must. Since
all the windows are going to be closed in this
scenario, it is necessary that the environment
is airy as possible to avoid any feeling of suf-
focation or claustrophobia. Since air will be
blown by ducts / fans with a force it is neces-
sary to place the air vents at such points that
it does not blow on their faces or bocly di-
rec’rly in any way to cause discomfort. The
ventilation system also aims at cutting down

the ambient noise levels which is prevalen’t

due to open windows. The ventilation equip-
ment should not be too noisy which creates a
problem in the passenger coach.

Creating this ventilation system will create
distinet passenger cabin separated from the
entrance and the toilets similar to aircondi-
tioned compartments which will solve the
problem of foul air entering into the passen-
ger spaces. There should not be a problem of

rainwater dripping into the passenger space.

9.3 Considerations for the mainte-

ndance crew



The maintenance cre is the secondary user in
this case. Their responsibﬂi’[y involves ensur-
ing that the equipment remains in a good
Working condition for a journey. Mainly their
tasks involves cleaning and changing of fil-
ters from time to time so that a proper airflow
is maintained in the passenger space. Electro-
static air filters are proposed for the project as
they have long service life and are easy to
clean by blowing compressed air or vaccum
cleaning, Generqﬁy these filters need cleqning
after several months to upto an year. But as-
suming the dusty conditions to which they

may be exposed, it is preferab}.e to clean them
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after the end of a trip when the train reaches
the yard for the reqular cleaning and mainte-
nance for the next trip. The filters should ke
easily accessible to the crew and easily

Changed or cleaned,

The revised clesign brief

The design brief can thus be summarized as,
to design a forced air ventilation system for a
sleeper class LHB coach with high airflow in
the passenger cabin as the windows are
closed with an option of cooling the tempera-

ture without air conditioning,

({4
To design a forced

air ventilation system
for LHB sleeper coach-
es without provision of
openqble windows for

??

Indian Railways.

27



The system should have high air
flow so that openness inside
the passenger cabin is
maintained, since the windows
are closed.

Air vents should be placed at
points so that direct air is not
blown on the passengers face
and body creating discomfort

Rainwater shouldn’t drip into
the passenger cabin

Equipment shouldn’t be too
noisy

Air intake preferred from the

roof to avoid any chance of foul

air from toilet blowing into the
system

Placement of equipment where
it is not subjected to vandalism
and abuse by people

Provision for passengers to
control the airflow as per need

The equipment should have a
long service life and shouldn't
be deteriorated easily by the
changing environmental
conditions

Available power, generally at
110V D.C needs to be utilized.
415 V, 50 Hz, 3 phase power is
available only trains with a
generator car like Rajdhani,
Shatabdi and Duronto
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Maintenance should be easy
and hassle free. Electrostatic
filters will be provided so that
cleaning needs to be done at
the end of the trip .

Equipment should be fitted in
the existing coaches (LHB)

without a change in coach

design

The equipment should have a
long service life and shouldn’t
be deteriorated easily by the
changing environmental
conditions The wishlist and considerations to be taken

for designing the system is shown aside
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[deations

10.1 The initial ’choughis

The initial ideas were probably in the direc-
tion of a ventilation system with ducts run-
ning throughout the length of the passenger
space, while the air is fed by means of a roof
mounted module housing centrifugal fans
which catch air from outside and blow it in

the train.

10.2 Reason for intake of air from the

IOOf

In earlier days when air conditioning was

30

new in trains air used to be sucked from be-
tween the coaches and from the sides of the
train but the problem of odour from toilet en-
tering the ventilation system was prevalent.
However this problem was rectified when the
roof mounted airconcliiioning modules came

into use.

The initial idea can thus be said similar to a
roof mounted airconditioning module mount-
aill gk M- enils af 1be panmine Gpese; B
which the aircondiiioning is replaced by a

module comprising of Cen’rrifugql fans.

Some other ideas were also thought of based
on the extraction system of wventilation in
which air extractors are mounted on top of
the trains and air is fed through vents at the
side of the train body. However it requires a
lot of intervention on the side walls and there
is complexi’ry involved in the maintenance
too. And as discussed earlier extraction system
can cause moisture damage in hot and humid
climates as moist air tends to condense into

the wall cavities.
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Concep’r-l

Based on the vortex cooling system. Modules
containing vortex tubes are placed length-
wise along the axis of the coach. These indi-
vidual modules are placed between the outer
and inner body shell of the train. The hot air
from the vortex escapes from the top of the
train while the cold end opens into the pas-
senger cabin and the flow can be requlated
by means of louvres pipes carrying com-
pressed air run along the length of the coach
and feed air into each module. The com-
pressed air is stored in tanks at the undercar-

riage of the train similar to tanks for air

bral{es,
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Working mock up of a vortex tube

A vortex tube was made by following in-
structions from a do it yourself video in
wWw.oitobel&en.blogspotin using ordinary
plumbing fixtures to determine the working
and the overall length of such a tube.
Reducer fiﬂings and couplings were used

along with pipes of 1inch diameter.

Pros

Vortex cooling is low on energy consumption
as it does not require electricity to run. Elec-
tricity is only needed for air compression in

the compressor.

Filters for the air can be installed at a single
location near the compressor which makes
cho.ng:ing easier.

Since there are no moving parts as such, it's
low on maintenance and high on longevity.
The module is concealed and not exposecl to

the outdoor weather conditions.

Cons

Since the air leaves at a high velocity from
an orifice, it can be quite noisy due to the noz-
zling action of air at high pressure.

Storing a lot of compressed in cylinders can be
hazardous, there might be dangers of explo-

sion.



7 ComPRESSEPD
Me ENTREY
o Concépt —1
by D -

oexTiNg ON TuE POSSIBILITIES

OF USING A RANCE - HILSCH

VORTEX TUPE FOR Ptovtvmcé
¢

\WOLES | DR) uep
TANGENT I&LLY
M THE NN ER

HOT iR END CFRETUBE" '

cool AR ™ TuE vASSE

(TUBE LENGTH ON -
HOT  SIDE) | CABIN
[ 457 d] s
cOLD AR END CF

n%b's e s > 5 %EL\?‘CE THE TTUBE 3

=t e /st vor . office SZE - (qupp |ENGTH ON COLD SIDE)
CAUE-ETHEA'. ; m
™ famrzi_\r -

. . A /—Ll\ i
e P e ol V= i iy ok
_ \ d1af 1 - COACM BODY
| TNNER WAL
. . s - COMM 1BODY
,‘?_ ~ VIRUATION-A . INNER WAL -
e e i
5 IR \g o f Al RRL COMCM
P AP | o 7 E o | ¢ 2 S 5 ROOF | OUTER.
PODY WALL
R ] o f .
( ~ ) CROSS _ SicTION OF RellwAY COAGH (. ) comeesss e K
MOUNTED  BELOW CARBODY

N A SMifae way As



o
6T AR EJECTED

5 e . ?B BY VENT M.‘T%P
INLET FOR e A OF TUE TTRAN
COMPRESSED AR E—— ~ _ P

A

B

& [~ -j',_
INNER  ALUMINIYM S

F PAME :

E /

| L

| $:S, OUTER
CAS'.NG\

o
ar

.“ |"i ﬂ
-5

ODTLET FOR COD g e

e

AR TELEASED IN v,; o b

THE PASSENGER
CAPIN =

/INNER. ALuMINUM

FeAME




Hot end tube
45Xd

Cold end tube
10Xd

Tube internal diameter (d)
1'










DESIGNING A FORCED AIR VENTILATION SYSTEM FOR RAILWAY SLEEPER COACHES

Advantages and disadvantages

A quick recap to the concept of vortex cooling
for the passenger compartment. The major

points have been highlighted aside.
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No moving parts means no wear
and tear and no maintenance.

Does not require a power
source, only compressed air at
100 PSI

Compressed air tanks similar to
air brake tanks can be mounted
on the underframe of the coach

Air filter needed only at the

compressed air source. Which
can be distributed via pipes to
the vortex modules

Individual vortex modules at
every passenger cubicle
ensures maximum airflow.




Cooling can be achieved
irrespective of the outside

atmospheric conditions

Does not use any refrigerant
not even water

Not exposed to environmental
factors such as rain, dust etc
which can reduce its life. Pipes
for the same can run along the
body shell of the coach

Ambient temperature can be
controlled by varying the hot
end of the module. Even the hot
air can be bypassed in to
stabilize temperature extremes

Disadvantages

Storing and carrying a large
amount of compressed air is
dangerous, it can increase
chances of explosion.

Since the air leaves at a high
speed from the pipes,
distribution of air is not even. It
is more like a jet of air, which
cannot be distributed over a
large area evenly.

The air leaving from the pipes
create a gushing sound and
thus the equipment is very
noisy

Vortex cooling is advantageous
for spot cooling
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Concep’c-Q.

Based on the principle evaporative cooling
system, this module sits on top of the roof of
the train, just outside the passenger cabin.
Water can be used from the water tanks of
the train which gets refilled at every station.

The waste water from the evaporator may

be used for ﬂushing toilets.

T T

" Evaporative

cooler

The evaporative cooling unit will be mount-
ed on the train with the water retention pads
facong the atmosphere. Pipes carrying water
from the storage tanks at the underframe of
the coach sprays water on the pad. Water
over time evaporates from it cooling down
the temperature of the incoming air. The

excess water clrips down the pacl due to the

Water tank at the underframe o tween wheel sets in case

slop:ing profile. The air is further filtered by a
pcmel filter placecl midway to the water pad

and the blower. A squirrel cage blower is

used to blow the air into the passenger cabin..

Pros
Less expensive to install
Estimated cost of installation almost half of

airconditioning. (Krigger 2004)

Evaporative

cooler

Schematic layout for water flow in evaporative cooling system proposed for LHB coaches

42

Residual water
goes into tank
above  toilet
area and used
fur flushing

toilets
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LESS power consump’tion
Estimated cost of operation is 1/8th that of re-
frigerctted air (Evaporative cooler 2013)

The pad itself acts as an effective filter. It is
capable of removing a variety of contami-
nants in the air.

Power consumption limited to fan and water
PRIEDP:

Water is used as the cooling agent which is
easily available and less expensive and envi-

ronment friendly.

Ease of maintenance
The only two mechanical par’[s fan and
water pump are low on maintenance and in-

expensive to replczce.

Ventilation air
The constant and high volumetric rate of

flow rate of air through the chamber reduces
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the "age of air’ in the chamber.

It is very well suited for dry climates.

Cons

Performance

High humidity reduces the effectiveness of
the evaporative cooler. Not suitable for places
with high relative humidity. In humid condi-

tions dryness may improve thermal comfort.

Comfort

High humidity of evaporative cooler 80% to
90% reduces the evaporation rate of moisture
from skin, nose, lungs and eyes.

High humiclity even increases chances of cor-

rosion. This can affect a lot of componenfs.

Breeding grounds for mosquitoes.

Evaporative coolers are infamous as they

often become breeding grounds for mosqui-
toes if left unused and unclean. Regulqr clean-

ing is necessary for that.

More options

More opfions are done regarding this concepf
by adding separate wind catcher units on top

of the train at regulc&r intervals in the passen-

ger cabins, which will be discussed later.
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Since H'IGSE modu]es are moun’[ed GLJE H’le enc].
of the passenger compartment, a squirrel cage
blower is preferrecl for discharging air as it

hClS maore PI’(ESSUI’E ratio tht‘ll’l an ClXin fc:n_

a7



Rain baffle on top/ Wate
retention pad below

Squirrel cage blower Air filter

Inclined profile helps water
to drain easily
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1smm thick aluminium
sideplate f

2mm thick stainless steel

body

Water retention pad '

Vents for air outlet in
passenger cabin »

@
This part remains above
the train facing the air

@
\ Evaporative units
mounted on the roof

Option for the evaporative cooler,
mounted on the train coach.

Air exits from the coach
by means of vents placed
below the seats
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1smm thick aluminium
side plate

e Water retention pad

2mm thick stainless steel
body

Air outlet for passenger
cabin

Evaporative units
mounted on the roof

@
Air exits from the coach
by means of vents placed
below the seats
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Water retention pad

Stainless steel body

Air outlet into passenger
cabin
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DESIG

INTIN

IG A FORCED AIR VENT

LATION SYSTEM FOR

RAILWAY SLEEPER COACHES

Part facing the atmosphere

Thumbscrews at the filter

bay allows easy removal
and fitting

Filter pulled out for
cleaning and replacement
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Wind catchers mounted on

the roof facing opposite
directions

o
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This concept can be further extended by
adding wind catching units on top of the
train roof above each passenger partition. The
wind catching units are fitted with cartridge
type air filters or panel electrostatic filters
which can be quickly cleaned by blowing
compressed air on them or by vacuum clean-
ing. One of the idea based on this option is to
plo.ce the wind catchers facing opposite direc-
tions which corresponds to the direction in
which the train moves. The modules which
face the opposite direction can be cleaned at

that time and vice versa.

Op’cion-l

The wind catchers are provided with baffles
to avoid entry of rainwater in the passenger
cabin qlong with other provisions for avoid-
ing the same. The wind catchers along with
the cooler unit maximizes the airflow in the
passenger space making it more airy and

comfortable

Passenger control of air flow
Passengers can control the airflow inside the
cabin by means of louvres which can be ad-

jus’ted as per their needs.
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An individual wind catcher

Rain shielding

Filter panel




SRR > Filter fitting




This part connected to a fan
assembly which flows air
into the cabin




The passenger cabin has
louvers below the fan
assembly which allow

passengers to change the

flow of air
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Op’rion-Q.

This option of the windcatcher uses an elec-
trostatic filter mounted in a chamber as
shown in the drawing. The filter is kept par-
allel to the direction of the winds. Perforations
in the casing of the chamber allows air to
enter from all directions irrespective of which
direction the train is moving. To prevent seep-
age of rainwater into the passenger cabin a
plate having a curved profile is added just
below the air filter to drain out any water
seeped in through weep holes located at the
base. Below the plate is an axial fan 12 inch to
16 inch diameter. The fan supplies fresh fil-

tered air into the passenger cabin at all times.
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Filter cap

Cartridge type air
filter

Steel casing

Base plate

2" dia. axial fan




Filter cap

Perforations for
entry of air

Steel casing
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Wind catching units placed on the roof of the train
above every passenger partition
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This option houses three electrostatic cylindri-
cal filters in the chamber placed at the roof of
the train. The three filters individually catch
air from different directions and is connected
to a hemispherical connector which feeds the
collected air into an axial fan below. This
option filters more dust as the filters are per-
pendicular to to the direction of the wind. Air
is released into the passenger cabin by means
of an hemispherical mesh to distribute the air
evenly without direct force yet without ob-
structing the flow

Option-3

Similar to the earlier option a plate of curved
profile is provided to allow drainage of
seepeci in water and not enter into the fan
asembly. Axial fans of 12 inch or 16 inch di-
ammeter tay be used depending on the qual-
ity of the airflow.
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Air filters

Perforations for
entry of air

Hemispherical
connector

12 to 16" axial fan

Base plate



Air filters

Base plate

Air diffuser for
passenger cabin |




Perforations for air
intake

Outer steel casing

Air diffuser for
passenger cabin

Arms for mounting
the device to the
train



Perforations for air
intake

Outer steel casing

Arms for mounting
the device to the
train






As stated earlier two systems of ventilation
and cooling for the passenger compartment
has been discussed both having its own posi-
tives and negatives. But by looking into the
Concept 2 which offers evaporative cooling
and wind catcher units to increase ventila-
tion, it has been chosen as the final concept.

Depending on the zone the train is travelling
and the outside temperature conditions, the
evaporative cooler can be overriden manu-
CLHY to control the ambient conditions. When
cooling is not requirecl, the blowers still run
without pumping water, and when facili-

tated by the wind catchers it provjdes the
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Final concept

airyness as the open windows.

The option 3 for the windcatchers is better
suited for filtering dust, as the filters are per-
pendicular to the direction of the airflow but

for maintenance issues considering the filters

are cleaned after every trip, option 2 is better.

Providing electrostatic cartridge filters enable
them to work for months in dusty conditions
although a cleanup after every trip is recom-
mended when the train halts at the yard for
cleaning and maintenance. The filters are
easily accesible for the maintenance crew at
the top of the roof of the train. The advan-
tages and disadvantages of both the concepts

are discussed to summarize the pros and cons
of both system and the final sysfem is repre-

sented.
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The final concept,
advantages and disadvantages

The advantages of the final concept are high-
lighted aside which determines the factors
considered for choosing the final concept. The
represention of this concept as a whole imple-

mented on a railway coach is shown later.
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Lower installation and running
cost compared to air
conditioners.

High air flow throughout the
passenger cabin

Ease of maintenance, the
mechanical parts are the fans
and the pumps

Can be manually overridden
depending on the climatic
condition outside

The high flow rate throughout
reduces the “age of air” in the
cabin

Cooling can perform brilliantly

in hot dry climates such as
parts of north and central India




Passengers have the option to
control the airflow from the
wind catchers depending upon
conditions outside.

Residual water from the cooler

can be used for flushing toilets

Passenger partition separated
from the toilets and fresh air
source is from the top of the

train. No obnoxious odours waft

inside the passenger area.

Passenger partition separated
from the toilets and fresh air
source is from the top of the

train. No obnoxious odours waft

inside the passenger area.

Disadvantages

Foul smell can arise if the water
retaining pads are not replaced
timely, which even forms the
dwelling for moulds and
mildew.

In case of humid climates
cooling needs to be powered
off, as it can increase humidity
drastically and cause
discomfort and accumulation of

moisture.

Unclean coolers can form
breeding grounds of
mosquitoes, however this
problem will be resolved as
maintenance will happen after

every trip.

Excessive water consumption if
the units are run continuously.
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Intake of air from the
roof

—

——

&
Evaporative units
mounted on the roof

Air leaves through vents
below the seats
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Water retention pad 2mm thick stainless steel
¢ covered with mesh body

1smm thick aluminium Air outlet for passenger
side plate cabin

Option for the evaporative cooler, mounted on the train

coach in a colour scheme corresponding to LHB coaches.
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Residual water from Evaporative cooler at Wind catchers on top
i:zl::'a:::tt:;f';:;ﬁ“ the end of the of every passenger
toilets and used for passenger cabin cubicle
Flushing.
N A= — . — . e—— . e————— .\ ———————
Air flow from Air flow from
2785 2401 evaporative wind catchers
N
™

* All dimensions are in mm

Water tanks at the

underframe of the coach
supply water to the

evaporative cooler

23400



Cross sections through the railway coach
showing the layout of the ventilation
system




Final model

The models aside shows the cut section of a
passenger cabin showing the windecatching
unit at the top as well as the array of wind-
catching units and the evaporative cooler
units arranged on the roof of the train.

The wind catching units are the units which
work continuously on the power generated
by the running train and provide ventilation
throughout the passenger cabin.

The evaporative cooler units are the units
which cool the ambient temperature when
needed and can be manually overridden to
work alongwith the windcatcher units or
turned off when not needed. It's not feasible
for performing in humid climates but per-
forms well in case of a hot and dry climate

predominan’c throughouf Central and North
India.




DY Wind catcher Evaporative
[ cooler units cooler

Water tanks located at the underframe of Air exits from the coach by
the coach supplies water to the o ~e means of vents placed below
evaporative coolers via a pump the seats
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