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ABSTRACT

This thesis purposes to the feasibility study for design and construction
thermoacoustic refrigerator made of readily available materials. The study starts with design
and fabricate a prototype of thermoacoustic refrigerator, that consists of 3 main
components: a loundspeaker, a resonance tube and a stack. Thermoacoustic cooling
devices use the thermoacoustic principle to move heat using sound. A standing wave in a
tube creates a temperature gradient across the stack, facilitating heat flow. In this study,
air at standard temperature and pressure is employed as the working gas and water is
chosen as the working fluid. There are 3 controlled factors as follows 1) A sound intensity
(2 levels of 96 dB and 116 dB) 2) A sound frequency (3 levels of 138.88 Hz, 188.88 Hz
and 238.88 Hz) and 3) A heat transfer between stack and water (2 levels of transfer out by
water and no transfer out). An experiment at a room temperature is controlled on interval
245 C to 25.5 C and starting temperature at both sides of the stack about 25.0° C. The
experiment results show that 1) Non-effect of thermoacoustice are both of having heat
transfer out by water and no transfer out at 96 dB for all frequency and at 116 dB for
138.88 Hz 2) thermoacoustic effect exists as follows: a) No heat transfer out by water at
116 dB for138.88 Hz is given a cooling temperature at 22.9° C and at 116 dB for 188.88 Hz
is given at 19.3 C and b) Having heat transfer out, there exists at 116 dB for 138.88 Hz is
given at 23.3° C, 116 dB for 188.88 Hz is 21.4° C and the temperature of water is descended
of 0.2° C. As the result can assure the possibility uses of sound energy to creates a cooling

power with an appropriate controlled factors.
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2.3 uuIARUAENGYY Thermoacoustic [5 uag 6]
wiaslulaundinduwaruuiAniieitaaiu  Thermoacoustic  Ixtnausluiidel  sauds
UszanSamwoaniossuduaziasasinanudumanasiilauiind  wdnnmsmamesiulauniing

aunITMUANLAE N TEmeTNdAYlY Thermoacoustics

2.3.1 waslulaunding (Thermodynamic)

1. ﬁ’uﬂ‘ixﬁwéamiﬂu:ﬁ (Coefficient of Performance,COP)

il 2 ndnmsd1Agne Thermoacoustic e Thermodynamic uazadudes Inefinduido
wiferdesiunuatinmidlauiindnsdureauia 1iur siaveswda aaudy aoudaa Husu
duwmoslulaunfindasifeatunisdsuamdunu Ussdvdamuasnsanslounudou ms
Wasuwamdanuaniinidlusniini (rudeulududsmdenduiu)

ungdedl 1 Maneslulauniing Aewdsniliannsoairtundevhaeld nanie ms
LA B UL AN T VAT L VU U ULANA 9T B IHAT IR SR TN TELARI

Youffuau fai
dE = dQ — dW (2.1)

v A a o e o - a
nten 2 vameslulauniing nanfnnuldvinfisusinessysuu madsuulaeulns

- o
UU89n52UIUNTT AU

d
ds = ZLis,, (2.2)

Tnefideulein
Sgen = 0 (2.3)

= L2

irsasinsweslulauiindnsedidunuy dazadisnu (work) Tasnnssuaiiudeusnn

uwasiingampiigauazaisninuisuiitiuvanuieuiioumaiin luvasinsawihanudu

'
a o

wisllunnuisuaginulaggeduaiiuisusinuasniuiousampiimuaraiemaiuouis

U

Difuuvasnnufousamgia
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ngen 1 dwsuiniesdnsuazintasianudu aswhiu 1naums 2.1)
nUen 2 dmiuniesdnsaziiu (naums 2.2 wag 2.3)

. LW (2.5)
Ty, Ty

dmsuiAsaavinauiu

%—%zo (2.6)
griamsvihnuvesaiosdnsmelulauniind Lmeiqm’m%'auﬁqmwnuﬁ (Teii) ziapny
%’au"v’ﬁmeimmn%’auqquﬁ (Tig) LLazm'm%'auﬁquLﬁ&J‘Lﬂﬂzqmﬂﬁamﬂu (Wg) Watts uazlu
sewiumsvinureuadeshauiuumenuieud (Tor)  9iermnudouiiungsmnudoy
gamndl (Tyg) LLasmm%’auﬁquaa‘LﬂwgnLﬂé"amﬂu (Wg) Watts uandlugy 2.10
anuansalumavihnuvesaissinsaueuaresuslumenvessyansa ey

fou (Thermal Efficiency,])

Wg
=— (27
L QHE
- v W T _T
Weswwaun1s 2.4 wag 25 azly =L < HE_LE (2.8)
QHE ThE
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Wodk s Work
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Engine/
Prime Mover
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Low Temperature
Reservoirar 1

Low Temperature
Reservoirat Ty,

JUT 2.10 mavhauesassus-iaissihaubumuiginsmesTulauniind

9 1 T _TE a ' a a 3 a A a a
BRINEAIU et 138N Uszansamanslua AuranNIsTaIAsludasiiodnusednsnm

HE

s 1 dv 1 d = s d el 2/ d.y a M Vv 1 1
asnanilesliigagndiansauiisuiunissdnsauieula  Adeundulilfseniauwmasany

3
Youiilloumgfl Ty uay Typ

AN TaluMIuveuASawhaluaresuglumentes  dulsyAvisaussouy
(Coefficient of Performance,COP) Fanuefednsndiuvasmuieuiilduanuasnu oy
qaumaiissenuavsiidesouli

INAUNT 2.4 Uaz2.6 zle

=%Ur o _Tir
COBg =5 S5 (2.9)

TLR
Tur—TLR . )
nausiATaninLbuTEnIUMEIgmaR 2 uvds SelumafURGIUsEAvSauTTaUETes

lagd Aeduuszansaussouzailug Wuladinasgamanguilunszuiuns

[ v
Vol o = ]

wsswhanudulagesiesniamuiniaueidesinanmdeundulildiinturasyhau
L989ENHTATINTBUULATEITNIUAELATYNAMMLEY Thermoacoustic Windaeiu azlaan
Cop 7 wviivdndiumuioufionswmesnanmubuvenaiosinanudursiduanudoud

Tasuiindnluludusaueer3adsng Thermoacoustic
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as

gleaunsaatl

cop, =2 (2.10)

QHE

s = ﬂ‘ I )
AuUsEANtANTTAULANSIUATIN WINAU

Carnot COPr = (1 - ﬁ) (ﬂ——) (ZT1)

Tur/ \Tyr—TLRr

P & 2 P = v
We Tpp WUANNSEUNANEBDNANLATEITNT

[ 2 - 2 o I
THE UuANNTBUNANEWBBDNANLATBIYINAIULEY

COP; < carnot COP; (2.12)

") = - ° . "
2. duUszavoaussausveunIainaudiy (Coefficient of Performance of The Refrigerator)

o Ty waz T, Aeuvdsgumiigauazn mud1du Auaaslugusiuans wagli Q¢ fu
Uhinaumnuisuvenaienianuiunanagamgli wae Qy WulSunamwieuiieanain
o o o | i a 1Y 4 o v o 4 o o Y
wsonhauiulugunasgamaiigs i W fieau work) fdnginiasianudulugivesaudn

waziulumungded 1 mamdnnisweslulauniing
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We X Aeszesnenuiirianisiadouiivesndudss anusudssiuiuiimnelunuinny

WY uasliauvies 1 Aan1sveedusun 1 veuvenday

Hot Hear ?uh.l Huzat
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; ] a
iwoq + = (omuy) + Qmal; =0 (2.53)
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AUNT LAY
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d;p1 62u1
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fouvewia e Aowasunelulay h Aseuiialsemiiemia uag 3 e Viscous Stress Tensor

wle

. v
Zij=#[ﬂ+ﬂ—g avk]"”((sijg%i (2.60}

ax]- ax; 3 Ua
\le ¢ Ao AugALvile
MnaunIns gngiivesauin szl

2T a%Ts 32T
5 S 5] + q
dx2 ay? 9z?2

Qscs%% = K [ (2.61)

e K, Amsthanuiauresaudn G, As aranuganuisusinzvesaudn o Aoaa
vuwUuvesTanaudinuay q Aeweuiluanuiou

deldAnAwnaumluamnusou azaiunsadauaunisivailen
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0Ty = K28 (2.63)
wlenadnsainaunis 2.31 fle
_ cosh[(1+0)y' /8]
TSl - b1 cosh[(1+0)1/8s] (2.64)
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% G ov? + QE) = -V. [gv sz + h) — KVT —v. Z] (2.81)
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d — — T,
2 [ quhdy - fo””K — i K22 dy — [ D), Z)xdy] =0 (2.82)
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wasle wiumuaunis fail
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2.4.1 guuiniiAsusingd (Critical Temperature Gradient)

PNFUNIT 2.57

: dTm . 2T
omCp (10T, + 1 Z2) — iwpT,p; = K o (2.99)
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Prandtl Number lafiniae @aUszunuainanuduiusaiuussansaim vasluusunay
ATVUAIEWSIULAIUNS LUTUTDUIAANL S BUKAZA1ULEY TUTBULIRAILSaUITUIAILAY
airauvesluezgain lunmsstudunisnszaedursuananuniia swdulnngmsainaves

luaygafn (ws1zastuan Prandtl Number fisnagvilfannansenuanaramialiiosas

]
s 1 1

o as 12 alal o 14 2 o = .{
dusunswauneniminagdiganan Prandtl Number adla 3 VeRn UdNS

o ¥ o w T Y o o oa & & e & a1 & o a Sda
LuﬁNﬁl’Iﬂ‘IJE]R]”Iﬂﬂm'i’mElﬁNLaaﬂIﬂ LN ELaed Lllun’l‘ﬁmd’mmﬂm’lLUULLﬂﬁU'ﬁEjMﬁme

Prandtl Number cﬁl'ﬂe'jﬂ

M5 3.4 Aaudniadiden

Thermal conductivity, K 0.138 W/(m*K)
Ratio of specific heats, y 5/3

Isobaric specific heat, ¢, 5193.2 J/(kg*K)
Prandt] number, 0.68

Specific ideal gas constant. R, | 2077
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V. 2(1+g) ema? 2 (1+g) Oma (3.7)
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3.2.5 @1 Drive Ratio
fA1 Drive Ratio An AANsulaudnduisaieninueuade dns1diutazfaiiA1ane
= 4:‘ vV a U = 1 y 1 a} =l Y s & 1
naniuasenaliidudurandes 1wy Auduliuwesssuy feaziaudunusiual Mach
Number (M) asaunis 3.7 Fsiestioandn 0.1 uazAl anslud (Reynalds Number,R,,) fiaail

Andaendt 500 auns 3.7 Weubiegluguiianunsaldauldazain fe

M=2 (3.11)
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dudenldufadidenidufingienu 1 y agwiniy 5 az1iuA1 Drive Ratio agsaliAntiay
N1 16.7 % (WelviA1 Mach Number Gasnin 0.1 uazaasifesnin 10 % el Reynalds
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91187849 Tijani WazAME Al

« _ OppD®sin(2%sn) [ATmutan(%s:) 1+\/E+cr_ _
Bon = 8y(1+0)A [ (y-1)BLg, 1+Vo (1 +o 5"”\/5)] e

bhEe

i ‘skannD 2 ATmntan(xsn) _ _ Vasin?(xsn)
W, = —+=— [(y 1)Bens*(x.,) (BLm(y—l)(1+\/E)A 1) —— ] (3.21)
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die A Aefuusduwesiliny 3
A=1-8Vo +5062, (3.22)

M1599 3.5 AannsiwaswlanidluaunisnisinarasulasaIusay

Operation parameters

Driveratio: D = p, /p,,

Nomm. cooling power: O, =0, / p,,ad

Norm. acoustic power: W, =W / p, ad
Nomm. temperature difference: AT, =AT,, /T,

Gas parameters

Nom. thermal penetration depth: 5, =3J, /v,

Stack Geometry

Norm. stack length: L, =kL,
Normm. stack center position: v, =Ax,

Porosity: B =y /vy +1)
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5.2 HANISYAEBUNISNITUYDIATIINIAULEUIINWA I ULEES

5.2.1 HANTVARAINTSAMBUYaIAGUEe

nansVAaINsveuTeAAudsansly 1397 5.1, 5.2 way 5.3 Wunanansvaaasd
UudinszazanUindrlnediegn U (L1, L2, L3) wazszazainUinailnadiegn Ow (R1, R2, R3)
deudesdygunnudlvding uarUdoehosnanviedmeu ssazdnanagldfuinmaniy

gvesnaudsdluainusaly

A5 5.1 A5 19TUTNEANISTNAARIASIN 1

AR (Hz) L1 R1 L2 R2 L3

(cm) (cm) (cm) (cm) (cm)

350 25.0 50.0

400 223 44.0

450 20:.7 395

500 17.9 35.4

550 16.1 32.0 50.0

600 15.8 20.1 a46.7

650 13.4 270 41.2

700 12.5 25.0 39.0 50.0

750 113 23.0 34.8 46.5

800 10.5 21.5 32.0 42.5

850 10.0 20.3 3.5 40.8

900 9.8 19.5 29.5 39.0 48.0
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P w2 & o
ATTNN 5.2 AT HNUUNANANITNAADIATIN 2

ANYA (Hz) L1 R1 L2 R2 L3

(cm) (cm) (cm) (cm) (cm)

350 25.0 50.0

400 22.0 44.0

450 20.4 39.5

500 17.9 35.4

550 16.0 32,0 50.0

600 15.5 30.1 46.5

650 13.6 27.0 41.2

700 12.5 25.0 39.0 50.0

750 11.5 23.0 34.8 46.5

800 10.5 215 32.0 42.5

850 10.0 20.3 315 40.9

900 10.0 19.5 29.5 39.0 48.0
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AT 5.3 MTNUUNNNANITVIARDIATIN 3

Ad (Hz) L1 R1 L2 R2 L3

(cm) (cm) (cm) (cm) (cm)

350 25.0 50.0

400 22.0 44.0

450 20.3 39.5

500 17.9 35.4

550 16.2 32.0 50.0

600 15.2 30.1 46.3

650 13.5 27.0 41.2

700 12.5 25.0 39.0 50.0

750 11.1 23.0 34.8 46.5

800 105 21.5 32.0 42.5

850 10.0 20.3 31.5 40.7

900 9.6 19.5 29.5 39.0 48.0
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P o 2 a
AN 5.4 ANTNUUNARNANITVIAABNLDA8
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Temperature(°c)
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e —————
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138,88 Hz - 96 dB - Pass
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o, 1 lAn7ldwdendn Rott’s Function fiawfiniigusiasineg

clear all

x = linspace(.001,15,1000);
lam = x*2*sgrt(2):

F = zeros(5,length(x));

y = sgrt(i)*lam;
iy = sqgrt(-i)*lam;
F(1,:) = 1-sgrt(2)./lam*(1+i);
F(2,:) = 1-(2./iy).*tanh(iy/2);
F(3,) = 1-(2./y).*(besselj(1,y)./besselj(0,y));
for m=1:2:11
forn=1:2:11
Ymn = 1+i*piA2./lam.A2¥(mA2+nA2)/4;
F(4,:) = F(4,:) + 64/pira./(mA2*nA2%Ymn);
end
end

F(5,)) = 1-2./y).*coth(3*iy/2)+4/3*(i./lam.A2);

Re = real(1-F);

Im = imag(F);

r=.2
z = (i-1)*/r;

f_pin = -2./3*z)..
Xbessely(1,r*z).*besselj(1,z)-besselj(1,r*z). *bessely(1,2))...
/(bessely(1,r*z) *besselj(0,2)-besselj(1,r*z). *bessely(0,2));



Re(6,:) = real(f pin);
Im(6,:) = imag(f_pin);

fisure(),set(gcf, defaultlinelinewidth',1.5)

plot(x,Re(1,:),'k--'x,Re(2,:),r:' x,Re(3,:),'g-",...
x,Re(4,:),'m-." x,Re(5,:),'b:' x,Re(6,:),'c-,...
x,Im(1,:),'k=-'%,Im(2,:),'r:" x,Im(3,:),'g-",...
x,Im(4,:),'m-." x,Im(5,:),'b:" x,Im(6,:),'c-")

axis([0 4 -.5 1])

ylabel('sf_k(r_hAdelta_k)$'), xlabel('sr_hAdelta k$')

legend('boundary layer','parallel plate',circular,'square',... 'eq. triangle', pin array’)



% Gas properties
% air@ 20 C, 1 atm
% K = 0.0257;

% gamma = 1.4;

% Cp = 1005;
% Pr = 0.713;
% Rs = 286.9;

w2 Teadildmeranud

% thermal conductivity (W/m/K)

% ratio of specific heats
% isobaric specific heat (J/kg/K)
% Prandtl number

% specific ideal gas constant

% He @ 20 C, 1 atm REF. DELTA EC

K = 0.14625;
gamma = 5/3;

Cp = 5193.4;

Pr =0.68;

Rs = 2077;

% Operating conditions
TH. = 300;

pm = 101325;
rho = pm/Rs/TH;
y1l= 0.00075/2;
y2=0.00037/2;
delta k1 = y1/1.1;
delta k2 = y2/1.1;

f1 = K/rho/Cp/delta_k1/2/pi;
f2 = K/rho/Cp/delta_k2/2/pi

spe = 2.5;
delta_k3 = 2*y1/spc
delta_kd = 2*y2/spc

% thermal conductivity (W/m/K)
% ratio of specific heats

% isobaric specific heat (J/kg/K)
% Prandtl number

% specific ideal gas constant

% operating temperature (K)

% operating pressure (Pa)

% density (kg/mA3)

% half space between stack walls

% half space between stack walls

% optimum thermal penetration for square channels
% optimum thermal penetration for square channels
% optimum operating frequency (Hz)

% optimum operating frequency (Hz)

% spacing / delta_k = 2~4 to not disturb acoustics

% spacing / delta_k = 2~4 to not disturb acoustics

f spcl = K/rho/Cp/delta_k3A2/pi; % operating frequency for 2y = spc*delta k
f_spc2 = K/rho/Cp/delta_kaA2/pi; % operating frequency for 2y = spc*delta k

disp(sprintf(\r\rRott frequency (square pores): %0.4f,f1))
disp(sprintf(\rFrequency for chosen spacing: %0.4ff spcl))
disp(sprintf(\r\rRott frequency (square pores): %0.4f £2))

disp(sprintf(\rFrequency for chosen spacing: %0.4f f spc2))
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9%TAR stack design
clear all

% Gas parameters
% air@ 20 C, 1 atm
% K = .0257;

% gamma = 1.4;

% Cp = 1005:
% Pr = .7153;
% Rs = 286.9;

% He @ 20 C, 1 atm
K =.14625;

gamma = 5/3;

Cp =5193.2;
Pr = 0.68;
Rs = 2077;

% Operating parameters
pm = 101325;

Tm = 300;

deltaT =60;

freq = 612;

rho = pm/Rs/Tm

c = sgrt(gamma*Rs*Tm)
deltaTn = deltaT/Tm
w = 2*pi*freq

lambda = c/freq

k =w/c

% Driver parameters

D = 0.02;

% Stack Parameters

y0 = 3.75e-04

[ =3.75e-05

% thermal conductivity (W/m/K)
% ratio of specific heats

% isobaric specific heat (J/kg/K)
% Prandtl number

% specific ideal gas constant

% thermal conductivity (W/m/K)
% ratio of specific heats

% isobaric specific heat (J/kg/K)
% Prandtl number

% specific ideal gas constant

% operating pressure (Pa)

% mean temperature (K)

% desired temperature difference (K)
% resonant frequency (Hz)

% density (kg/mA3)

% speed of sound (m/s)

% normalized temp. difference

% resonant frequency (rad/s)

% wavelength (m)

% wave number

% drive ratio (po/pm)

% half pore diameter (m)

% half wall thickness (m)



delta_k = sgrt(2*K/(rho*Cp*w)) % thermal penetration (m)

delta_kn = delta_k/y0 % normalized therm. penetration
A = pi*(.0508)A2 % area of resonator at stack (mA2)
B = y0/(y0O+l) % "blockage factor" for square pores

% Choose lengths and position range of interest
L= Q250%1.5 2 2.5 3 3,5 4 4.5%; % stack lengths (in. -> m)
for i=1:length(L) % create strings for legend

Lstr{i} = [num2str(L(i), %0.3f) ' m'];

end

x = linspace(0,0.08,1001); % stack center position (m)
Ln = L*k; % norm. stack length

XN =%k % norm. stack position (x*k)

% Initialize vectors

Qcn = zeros(1,1001); % normalized cooling power
Wn = zeros(1,1001); % normalized acoustic power
% Calculate normalized performance

for i=1:1:length(Ln)

% intermediate variables

Lambda = 1-sgrt(Pr)*delta_kn+.5*Pr*delta_knA2;

Gamma = deltaTn./(gamma-1)*B*Ln(i))*tan(xn);

Qen(i,;) = ((delta_kn*DA2%sin(2*xn)/(8*gamma*(1+Pr)*Lambda))...
X(Gamma*(1+sgrt(Pr)+Pr)/(1+sqrt(Pr)))...

“(1+sqrt(Pr)-sqrt(Pr)*delta_kn)));

Wn(i,:) = -(delta_kn*Ln(i)*DA2*(gamma-1)*B*cos(xn).A2/(4*gamma) ...
X(Gamma/((1+sgrt(Pr))*Lambda))-1)...
-delta_kn*Ln(i)*DA2*sqrt(Pr)*sin(xn).A2/(4*gamma*B*Lambda));

end
COP = Qecn./Wn; % coefficent of performance

% Evaluate parameters based on operating conditions

Qc = Qen*pm*c*A; % cooling power (W)
W = Wn*pm*c*A; % acoustic power (W)
L = Ln/k; % stack length (m)

x = xn/k; % stack center position (m)



set(0, defaulttextinterpreter’, latex’)
figure(1),set(ecf, defaultlinelinewidth',2.5)
plot(x,COP)

axis()

xlabel('Stack Center Position (m)"),ylabel('COP’)
legend(Lstr), grid on

figure(2),set(gcf, defaultlinelinewidth’,1.5)
plot(x,Qc)

axis()

xlabel('Stack Center Position (m)),ylabel('SQ ¢ (W)$)
legend(Lstr), grid on

figure(3),set(gcf, defaultlinelinewidth',1.5)
plot(x,W)

axis()

xlabel('Stack Center Position (m)),ylabel(W (W))
legend(Lstr), grid on

figure(d),set(ecf, defaultlinelinewidth’,1.5)
plot(x,Qcn)

axis()

xlabel('Stack Center Position (m)),ylabel('Qcn (W)")
legend(Lstr), grid on

figure(5),set(gcf, defaultlinelinewidth',1.5)
plot(x,Wwn)

axis()

xlabel('Stack Center Position (m)),ylabel{'Wn (W))
legend(Lstr), grid on
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%TAR Resonator design
clear all

% Gas parameters
%ar@20C, 1atm

% K = .0257;

% gamma = 1.4,

% Cp = 1005;
% Pr = .T13;
% Rs = 286.9;

% He @ 20 C, 1 atm
K = .14625;

gamma = 5/3;

Cp = 5193.2;

Pr = 0.68;

Rs = 2077,

% Operating parameters
pm = 101325;

Tm = 300;

deltaT =60;

freq = 612,

rho = pm/Rs/Tm

¢ = sgrt(eamma*Rs*Tm)
deltaTn = deltaT/Tm
w = 2*pi*freq
lambda = c/freq

k =w/c

% Driver parameters
D = 0.02

po=D*pm

x=0.109

% thermal conductivity (W/m/K)
% ratio of specific heats

% isobaric specific heat (J/kg/K)
% Prandtl number

% specific ideal gas constant

% thermal conductivity (W/m/K)
% ratio of specific heats

% isobaric specific heat (J/kg/K)
% Prandtl number

% specific ideal gas constant

% operating pressure (Pa)

% mean temperature (K)

% desired temperature difference (K)
% resonant frequency (Hz)

% density (kg/m~3)

% speed of sound (m/s)

% normalized temp. difference

% resonant frequency (rad/s)

% wavelength (m)

% wave number

% drive ratio (po/pm)

% length of the large diameter tube (m)



% Stack Parameters

y0 = 3.75e-04

[ =3.75e-05

delta_k = sqrt(2*K/(rho*Cp*w))
delta_kn = delta_k/y0

A = pi*(.0508)A2

B = y0/(y0+l)
X1=(po/(w*rho*c))*sin(k*x)
X2=2%X1

*B=2"K2

d1=0.1016;

d2=0.0508;
[1=x+X2+0.00645

% half pore diameter (m)
% half wall thickness (m)
% thermal penetration (m)
% normalized therm. penetration
% area of resonator at stack (m~2)
% "blockage factor" for square pores
% the length of heat exchanger cold
% the optimum length of heat exchanger Cold
% the optimum length of heat exchanger HOT
%Diametre at PVC at stack (larght tube)
%Diametre at PVC resonator(small tube)

%Lenght of pvc at stack

Lt=((atan(((d2/d 1)A2)*cot(k*(1)))/k)+1 %Lenght of All TAR

LR=Lt-l1

%Lenght of Resonator



