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Abstract-Recent technological advance has brought aboutamental destruction. In particular, Cooling
systems are identified as one of the cause of emviental problems. In existing cooling systemsigefiant
used not only destroys Ozone in the atmospheralbotcauses of Global Warming due to green houdsetef

Recent studies tend towards construction of a jgadatooling system based on the thermoacoustaceffrhe
thermoacoustic effect induces a mutual energy asiove of sound energy and heat energy. The sourskpre
generated in the thermoacoustic device is increa@dd increasing supplied heat energy. By applythg
thermoacoustic effect it will be possible to counstra new epoch-making cooling system with manyquei
advantages: effective use of waste energy, no fuseisonous cooling media and no moving parts

Index Terms- Thermoacousticl, Cooling2, Heat3

waste heat from an internal combustion engine,

1 INTRODUCTION ﬂg:::tly into sound waves that can be used to pump
During the past two decades, there has been an

increasing interest in the development of. PROJECT REVIEW

thermoacoustic cooling and heating for variou®.1|NTRODUCTION AND BACKGROUND

applications. Thermoacoustic refrigerators can beghe history of thermo acoustic energy conversios ha
constructed such that they use only inert gase&wh many interwoven roots, branches and trunks. It is a
are non-toxic. complicated history because invention and technpolog
Thermoacoustic engine uses high-amplitudgevelopment outside of the discipline of acoustigen
sound waves in a mixture of harmless gases toeregpometimes proceeded fundamental understanding at
oscillations in pressure, temperature and displ@cém other times fundamental science has came first Root
which are used to pump heat. Although thejevelop the mathematical describing acoustic
temperature oscillations are small, research duheg oscillation in a gas in a channel with an axial
past two decades has shown that "Thermoacousti@mperature gradient, with lateral channel dimemsio
effects can be harnessed to produce powerful agdl the order of the gas thermal penetration depth
efficient heat engines, including heat pumps angypically=1mm). The problems have been invented
refrigerators. Thermoacoustic engines typically ehavpy rayleingh and Kirchhoff, but without quantitaiv
no moving parts. Some have a single oscillating paguccess. In root's time, the motivation to understa
(such as the diaphragm in a loudspeaker), whicseethe problem arose largely from the cryogenic
no lubrication or sliding-seals that are subjecivemr. phenomenon known as Taconic oscillation when a gas
Thus, these engines have the potential to be simpiled tube is cooled from ambient temperature to a
reliable and cost less to operate. They can be-maggyogenic temperature, the gas sometimes osciflatio
produced using current production methods and uspontaneously, with large heat transport from antbie
harmless gases found naturally in the environment. to the cryogenic environment. Yazaki demonstrated
High amplitude sound waves are generated insidec@nvincingly that Rott’s analysis of Tacnis osditias
specially-shaped cavity called a resonator, pressiir \as quantitatively accurate. The century earlier,
to several atmospheres. The temperature differencrayleigh understood the qualitative features othsuc
occur across a stack of plates that are positione@at driver oscillations ‘If heat be given to tHe at
between hot and cold heat exchangers, where thte h@ge moment of greatest condensation (greatesttgensi
is removed or added to the system. TA units can kg be taken form it at the movement of greatest

powered by low voltage from batteries or biogadsiue rarefaction, the vibration is encouraged’ ‘he had
They can convert almost any heat source, like the
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studied sondhauss oscillation the precursor, toniac sufficiently large _currentis passed. With the heat
oscillation. being continuously supplied, the sound is also
Applying Rott’s mathematics to a situation where thcontinuous and rather loud. Rijke seems to have
temperature gradient along the channel was too weadceived complaints from his university colleagues
to satisfy Rayleigh’'s criterion for spontaneousecause he reports that the sound could be easilglh
oscillation, Hofler invented a standing wavethree rooms away from his laboratory. The eledtrica
thermoacoustic refrigerator, and demonstrated agarower required to achieve this is about 1KW.

that Rott’s approach to acoustic in small chanaels
guantitatively accurate. In this type of refrigematthe
coupled oscillation of gas motion, temperature, an
heat transfer in the sound wave are phased in gione
that heat is absorbed from a load at a low temperat
and waste heat is rejected to a sink at a highe
temperature.

Open-Open Cylinder
y

Metal Pipe

Meanwhile, completely independently, pulse tube Wire Mesh

refrigeration was becoming the most actively
investigated area of cryogenic refrigeration. This
development began with Gifford’s accidental g
discovery and subsequent investigation of the ogoli

associated with square wave pulses of pressuréedppl

to one end of the pipe that was closed at the @hér

Although the relationship was not recognized at the

Ll
\ @/ %
l \ ﬂ
time, this phenomenon shared much physics wit

Hofler's refrigerator. Mikulin's  attempt  at Eig 1: Rijke Experiment: A simple construction of

LPG Cylinder-,
Lt

Bunsen Burner

improvement in heat transfer in one part of thisiba
pulse tube refrigerator lead unexpectedly to a dtam
improvement of performance, and Radebaugh
released that the resulting orifice pulse tube
refrigerator was infact a variant of the sterling cry
cooler.

2.2 BASIC PRINCIPLE OF THERMOACOUSTIC

EFFECT

One of the earliest inventions of thermoacoutieéetff

the Rijke tube, with a wire meshesin the lower half

of avertical metal pipe. Thetubeis suspended over

a Bunsen burner.

23 ACOUSTIC WAVESIN TUBE

Consider an acoustic energy source (e.g., a tuning
fork) placed near one of the ends of an open-oplea t

as shown in figure. A part of the acoustic energy
produced by such a source enters into the tubbein t
form of a ‘travelling acoustic wave'. As this wave
travels through the tube, it loses some of its gner

was done by Rijke. He demonstrated the creation gt/ to friction. When it reaches the other endhef t

sound using heat using Rijke’s tube.

Rijke's tube turns heanto sound by creating a self-
amplifying standing waveP. L. Rijkewas a_professor
of physicsat the_Leiden Universitin the Netherlands

tube, a part of the remaining energy reflects hatk

the tube, again in the form of a travelling acausti
wave. The rest of the energy transmits through the
open tube boundary and comes out of the tube.<So, a

when, in 1859, he discovered a way of using heat &'0Wn in Figure, in the presence of an acousticggne

sustain a sound in_a cylindricaibe open at both ends.
He used a glassibe, about 0.8 rfong and 3.5 cnin

source, the part of the acoustic wave that reflrots
the open end interacts with the incoming traveling

diameter. Inside it, about 20 cm from one end, h)é/ave.to produce what is termed as a standing wave o
placed a disc of wire gauze as shown in the figur@ Stationary wave _ _

below. Frictionwith the walls of the tube is sufficient The positions where the magnitude is zero are @rme
to keep the gauze in position. With the tube vartic S nodes while the_ positions with maximum amplitude
and the gauze in the lower half, he heated theegaugre_ter_med as antinodes. One must also note taat th
with a flame until it was glowing red hot. Upon oscillation at every point along the tube is in gha
removing the flame, he obtained a loud sound frioen t Thus, unlike traveling waves where the waveform
tube which lasted until the gauze cooled down (aboi’oves ahead (‘travels’) in time, for a standing @av
10 9. It is safer in modern reproductions of thisth® waveform appears to be stationary or standing.
experiment to use a Pyrexbe or, better still, one The fundamental mode is the one with the lowest
made of metal possible frequency and the largest wavelength that
Instead Theating the gauze with a flame, Rijleoal satisfies the boundgry conditions. In this case th
tried electrical heating. Making the gauze with largest wavelength is clearly=2L, where L is the

electrical resistance wireauses it to glow red when alength of the tube. For the fundamental mode, the
acoustic pressure has one peak at the middle of the
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tube while the ends of the tube always have zemhannel wall undergoes an adiabatic compression
acoustic pressure. change and the medium close to the wall undergoe
The acoustic velocity node and antinodes are exacthn isothermal compression change. When the
the reverse of those for the pressure. It is ugub medium is in isothermal compression change, heat
fundamental mode that is heard in Rijke tubenergy is exchanged between the channel wall and th

experiments medium. This means that energy conversion
e between sound energy and heat energy is intsatiu
: | mods  vaelengh  freguency in the stack. Thus cooling of gas takes place ackst
— 7\ These waves are then moved to ambient heat
stosperic e S 4L i exchanger where the heat from the waves coming

Pressure \ dJSl'ﬂlf‘F 4L
Vi

out of stackpart is removed. The cooled
pressure/sound wave's travel along the resonator
column at the end of the resonator column tapper

e

ure

o e T section is provided to reduce the viscouss.los
A o ) L 3v
mn‘os.phem—é—% \ 1 second 4_ —
s ‘\J \‘.k,_/e"?/““‘-'e J 4 3. MAJOR COMPONENTS OF THERMOACOUSTIC
ENGINE
&‘% S 1. Hot buffer
i Q ‘\ /‘\‘ il i 5w 2. Hot end heat exchanger
pre-ssure-_'\_ . \,/ di?ianﬁe ] 4L 3. Stack
| A Y 4. Cold end heat exchanger
5. Resonator
— BN /\\ ) v 4. PRELIMINARY DESIGN OF STANDING
]11‘e§51|1‘e-_'\(}’." J \ %n;‘e 7 41 WAVE ENGINE
' Here we concentrate on design of individual
'2|%sze:dsnj)t\;\§the(:hange of wave length in a parts of thermoacoustic engine, which are as
\C}:ln(:l‘tt‘farj II‘L!‘\E\ : fo | IOWS
5 o ‘Q e mode wavelength frequency
:ﬂ\\ e ;
) — B * Hot buffer
e « Heater
» Stack
atnlasphelicb/ k\ \! second i X ¢ Hea‘t EXChangerS
pressure ‘l‘\ ’JL, \)k{ﬂl;’m L ° Resonator
B Working Fluid
» The working fluid plays a paramount role in the
amw-,m;ﬂ/—\\f /\ b 2L w performance of cooler. To obtain lower frequency
s | [N N e 3 20 pressure wave nitrogen is obviously better chdiee t

helium for its sound speed is about 1/3 of thaiuhel

_ However helium has advantage of its lowa®iling
Ll A4 \\ oL temperature which will enable its application
L R W \/ A N e B for very low temperatures. Although mixture
Fig 3: showsthe change of wavelength inaopen  Of inert gases can be tried out, in the present

=z

tube investigationnitrogen is used as the working
medium as our target temperature is not too
2.4 WORKING PROCEDURE low. 100K

The gas in the heater section heats up theisgs r 1 ot puffer

and molecules start moving randomly ~ due to The Hot Buffer being the basic constituent in
decrease in  density. These molecules collidh eaq system is made of steel and by consideringhall

other and produce sound. Sound waves are nothing bije,ios experiments the length of the Hot Buffer i
the pressure waves. As these waves passes thitweighiby ey a5 100mm and diameter is chosen as 60mm. As
narrow channel in stack the medium far from th?he wall thickness plays a vital role in the
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performance, the minimum available 1.5mm iss = 2[]f =2x3.14x 500=3140 rad/sec
chosen. It is an additional volume provided befiwe Properties are evaluated at mean temperatureléf st
heater section which ensures that the acoustic svavier nitrogen gas=350+50]/2=200

completely travel the entire length of the stack his works out to 0.07823 mm, Normally passages

assembly. for gas is taken as $k=0.0313mm
As this value is too small, a practical value & thm
2. Heater is chosen from the fabrication point of view

The heating section is designed for a
maximum heating capacity of 1kw using external,
heating. Internal heater such has with porcelain
bobbins is avoided mainly due to the fact eleclisica

Heat Exchanger
It is component located just after the
stack section to remove heat from the gas. The

leads to these heaters have to be taken through tla

melt seals feed through from outside. These are qui

difficult to procure and moreover the heater sectio
temperature is quite over 50@ which will create

Heat exchanger consists of two concentric tubes;
both tubes being 56mm diameter and, the lengths
of these tubes are 60mm for Cold end H.E and
100mm for Hot end H.E. The tube is filled with

problem of sealing inside the pipe in the heating
section number of thin parallel copper sheets of
around 0.3mm thick are arranged with the gap sgacin
6mm. This provides narrow channel for the gas
passage. The length of the heater is taken as 100mm
and diameter 60mm. 5

3. Stack

It is the core part of the system, is made of &tam

steel by considering all the previous experimehes t  resonator column is 4000mm, diameter of 38mm
length of the stack is taken as 280mm, and diani®ter  and thickness of 2mm. It is connected to a taper
chosen as 56mm. The stack is developed by placing section i.e. reducers. Resonator column is the
stainless steel parallel to one another of thicknes place where Standing Waves are generated. It is

0.3mm andspace between them is provided by placing ysed to determine the Working Frequency and
spacers of thickness 0.3mm. This stack assembly is influence the thermal performance.

placed inside a tube of diameter 56mm and of IEEngth The purpose is to decrease the Operating
of 280mm, at their respective positions. frequency of the thermo acoustic prime mover.

The primary constraint in designing the stack i8 th  For half wave length system, the frequency can
fact that stack layers need to be a few thermal pe expressed as:

penetration depths apart, with four thermal petietna f=al 2L =
depth being the optimurtayer separation *. The Where f denotes frequency, a is the sound speed,

thermal penetration deptihican be expressed L is the resonator length, are the gas properties
as &= nprp and T is the temperature. The frequency depends

where k, p and gare the properties i.e. thermal on the resonator length and sound speed of the

conductivity, density and isobaric specific heat of ~ Working fluid. Longer the resonator length and
working gas at the mean temperature and f is the lower is the sound speed, lower W'" be the
frequency of the standing wave generated. The frequency of output wave and vice versa.
thermal penetration depth is defined as the distanc However, this requires a very long resonator

that heat can diffuse through a gas during the time length and very CIQSer arranged stack Wh'ch will
t=1/ 1 f result not only viscous losses and occupies a

If stack layers are too far apart the gas cannot large space. Henpe olpergting frequency of output
effectively transfer heat to and from the stacklsval ¥vave of thef (?]nglnel IS hlbgher tlhan the reql}f'rﬁd
If the layers are too close together viscous effect requency of the pulse tube cooler in most of the

hamper the motion of the gas particles. cases. L .
Thermal penetration depék For nitrogen gas which is chosen as the working

5k =[2k/poCp] medium, properties are
- =1.4
Where k=thermal conductivity=0.083 W/m-K _
P= 1.6883 kg/m3 R=280 J/kg/K
Cp =1043 J/kg/K

copper sheets of thickness 0.3 mm and space
between them is being 6mm for better thermal
contact. The space between smaller and larger
tube acts as water jacket.

Resonator
It is a key component of the system is
made up of stainless steel. The length of the
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T (Avg) 400+273=673K
Required lower frequency for driving Pulse tuk
=50c/s
Generated higher frequency from prime mover:
500 c/s
Length of the resonator section required
L==4.7m
Actually 4 meter long resonator section i
chosen.
4.6. Reducers
A reducer is the component in a pipeline th
reduces the pipe size from a larger to a smal
bore (inner diameter).The length of the reductic
is usually equal to the average of the larger a
smaller pipe diameters. This is used to conne
the prime mover sections to resonator sectiol
Material used for the reducer is stainless ste
.Dimensions are as follows, diameter at small
end is 38mm,bigger end is 68.5mm and length
63mm .The taper section is provided to reduce

5. CONSTRUCTION OF STALK AND HEAT
EXCHANGERS

5.1 Stalk construction

Echangeur
chaud
Résonateur

Fig: Arrangement of stack, hot end heat exchanger
and cold end heat exchanger

-
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0
0 30
The construction of the stalk will be on the simiiae
as reported by Feng Wu et a
From the results published by FengWui for plate
thickness of 0.3 mm (Lo=0.15 mm) and frequency of
500 c/s, optimum thickness of spacer will be 1.6.mm
However this value is far higher than 4 times the
thermal penetration depth for nitrogen. Initiall@alk
spacer thickness d@.3 was selected lowest available.
This configuration posed several problems:

a. The gap between the plates was too
narrow and as such the consecutive
plates were almost touching in several
places

It is impossible to weld the stalk spacer
with plates as the material of s.s. was
melting

The plate and spacer could not be
brazed by gas welding as brazing
temperature is much lower compared to
operating temperature of the heater
From these limitations spacer thickness of 0.8 nam w
used in between stalk plates.

The same argument holds good selection of stalke pla
thickness and spacer thickness for copper shdtin
and cold end heat exchangers.

5.2 Calculation of number of plates

The inside diameter of the stalk section chosé&i2is
mm. In addition a Thin walled stainless steel steev
with wall thickness of 1 mm is used to assemble the
stalk plate separately.

Thus actual inside of stalk section is 50 mm ( R).

In the present design, thickness of plates isyth8
and spacer thickness is 0.8. Hetwial number of
plates required will be 50/(0.3+0.8) = 44

With one plate at the center, number of plates abov
the center plate will be 22 and 22 below the center
plate.
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Width of individual plates are Lj ( calculated ifino
geometrical consideration )

L =2xV[{(2]) (yotLo)} +R7
Where 2y = thickness of spacer, 2& Thickness of
plates, j =number of plates above or below certgep
under consideration for calculation of width. As pe
the calculation width of each individual plate is
calculated and tabulated as given below

conductivity and good weldabilty .All pipe sections

are seamless as they are required to withstand high

pressure and high temperature. Stainless steels304

also used for construction of Stalk plates ancderm

The heat exchanger plates inside the section and

spacers are made of copper because we good thermal
conductivity for heat reception from heaters andthe

rejection to cooling water. Neoprene O rings aredus

Plate ndHe\ghtabovecemra\d\ameter\mm Width of platgPlate nJHeightheIowcentm\diamete Width of plate to seal the assembly of ﬂanges between heat
exchanger section and resonator
6.2 Bill of Materials
j=+11 j= 1
i=+32 i=-42 ST. No Part Matema‘ Specificatic I
j=+13 j=-13 E
i=+44 4 j=-44 4 1 Hot Buffe S‘S‘Ium‘ [ManYdnnY10n 2
j=+15 j=-195 .
i=+4q6 ) i-- 46 ) 2 Heates Niton I0T o X 00 mm JO0 2
j=+17 j=-17 ] _
s P 3 Stack & ImiDmiE| 2
D = s s6mm X
g ) g ) 4

[EYTY P 11 1 4 Flange S.9 [ ODX 2 4
j=+131 2 =111 2 . 4 5 WaterJackk %0 InnerJackg 2
j=+131 3 p j=-141 3 4 50mm X
j=+131 4 j=-131 4 E Outer Ja
j=+141 5 / j=-141 5 4 70 mm X
j:=+151 6 1:2'151 6 : 6 ResonataS.S Tubig3émm X 2mm X 4000m|1
zx181 7 . ¢ =24l 7 - 7 (ndfeled  S.4  JO@OdEmy 2
j=+1]1 8 j=-11 8
j=+141 9 j=-141 9 a
}=+1_2 1 ;=-1_2 1 8 Straight couple S.9 Y." BSH bl
j=+2Q2 2 i=-2Q2 2

il2 3 ] i 2 3 1 9 End Platt 52 mm dia & mm iy !
5.3 Fabrication and Assembly of Stack and Heat 1 Temooedg B gauge x 05 mefe 8
Exchangers
Fabrication of stalk and heat exchanger is the mpost
challenging aspect the development of the cooler. 1 D e One decimal place 1
Lot of problems were faced right from cutting of
materials and welding of the stack plate to spacer | PID controllq With SSR outp LT
plates . Several specimens were tried out as lower For pr
thickness spacer (0.8 mm) was melting and finallya | B T s Bras 0-50 ba 1
spacer thickness of 0.8 mm x 4mm (2 Nos) per 1 T S v ; I
passage was chosen to facilitate argon arc welding. gngoal " 2

The stack assembly was further assembled in a08.S.
1mm wall thickness and of length of 288 mm
Similarly for fabrication procedure was followedr fo
hot end and cold end exchanger.Same plitkness

6.3 Machining: The pipe sections procured are
roughly turned on the lathe. The thickness of stalk

of 0.3 mm was welded to copper spacer material®f 0S€Ction is reduced 2 mm wall thickness by turning
with a mandril inside. This is provided to reduce

mm
6. FABRICATION

6.1SELECTION OF MATERIALS

conduction heat transfer through the stalk pip¢icec
Flanges with proper o ring groove as pBr.S
standard are machined by facing .

6.4.Tungstennert gas (TIG) Weldinguring

All the major outer body of the Prime mover sectionhe fabrication of thermo acoustic prime mover

and ‘Resonator section, flanges, etmverscold end
heat exchanger jacket, reducers are mafistainless

stainless parts to be welded avelded using Argon
Arc TIG welding It is used to welthe flange and

steel 304 as it is free from corrosion, low thermal
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the heater section, Stack section tube with anoth@HAPTER 7
flange; resonator tube, conical section and reservaCOMMISSIONING AND TESTING

which are of same material. Argon Arc welding ha¥ .1 |nstrumentation and Controls

the advantage of fusing the components and proédes
leak proof joint between the components used.

5.5. Temporary Fastening:

Fastening of each component is done for assembly fo
prime mover by stainless steel bolts and nuts.As
thermocouples are connected to cold end and hgt end
the connection may be lost due o choke in the syste
or break down of thermocouple itself, the system
should be flexible enough to dismantle the flange i
order to check whenever necessary. Hence, thedtang
are connected by bolting. In order to ensure leabfp
joint between the flanges, a high temperature rubbe
gasket is provided as a seal between them.

6.5 Block Diagram

Pulse T

A s Sk bt Pt

6.6 Pressure Testing

Before starting the actual experimentation, theesys
should undergo pressure test tocheck for air ipeka
Hydraulic pressure testing was carried out usingdha
pump for pressure up to 40 bar as indicated by the
bourdon tube pressure gauge. A hydrostatic teat is
way in which leaks can be found in pressure vessels
such as pipelineand_plumbing The test involves
placing water, which is often dyed for visibility the
pipe or vessel at the required pressure to enbatdtt
will not leak or be damaged. It is the most common
method employed for testing pipes and vessels.gJsin
this test helps maintain safety standards and dityab
of a vessel over time. Newly manufactured pieces ar
initially qualified using the hydrostatic test. Thare
then continually re-qualified at regular intervalsing
the proof pressure testwhich is also called
the modified hydrostatic testdydrostatic testing is
also a way in which a gas pressuessel, such as
agas cylindeor aboiler is checked for leaksr
flaws. Testing is very important because such
containers can explode if they fail when containing
compressed gas.

The following
provided for commissioning and testing the equiptmen
1.

Instrumentation and Controls are

Bourdon Tube Pressure Gauge ( 0-50 bar)
2. Digital Temperature Indicator (LCD

display) with multipoint thermocouple

selector switch

PID Controller for programmable heating

with temperature display

Voltmeter and Ammeter for measurement of

power supplied to heaters

Nitrogen gas pressure Regulator 0-16 bar (

Two stage)

ChromalAlumal Thermocouples for

measurement of temperatures at the

beginning of heater section, stack, cold end

heat end exchanger and exit section of C.W.

heat exchanger for both the engines (8 Nos)

Electrical accessories such as main switches

for both heaters, MCB etc.

CHAPTER 8

ASSEMBLY DRAWING OF
THERMOACCOUSTIC PRIME
MOVER

I,%m F
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DEVELOPMENT OF STANDING WAVE THERMO ACOUSTIC ENGINE
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4. Cold End Heat Exchanger

5. Resonator

Title of the part
PART DETAILS
1. Hot buffer

6. REDUCERS:
Hot end heat exchanger

7

3. Stack

28



International Journal of Research in Advent Technology, Vol.4, No.4,April 2016
E-1SSN: 2321-9637
Available online at www.ijrat.org

7.

FLANGES

8. END PLATES

9.CONCLUSIONS AND SCOPE FOR FUTURE
WORK

Development of thermoacoustic prime mover based on
standing wave concept was taken up. The scoperof ou

work was limited to fabrication of a prime mover

in the construction of stalk and heat exchangetge D
to paucity of time detailed testing could not be
carried. Initial testing can be carried by integrgtan
existing pulse which is of double inlet and orifice
time. The work assigned is a part of on going
sponsored project in the department There is
adequate scope for future work by carrying ousitlet
investigation with  parametric variations and
performance study.

Scope: The project has given us an opportunity to
study a new emerging thrust area in refrigeratiod a
practical fabrication problems and to overcome the
same.
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