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Gas Exits

Exhaust y Exhaust System

Mainfold

S o - e Resonator
Catalytic
Converter

The exhaust system of an automobile consists of an exhaust manifold,
catalytic converter, resonator and a muffler connected with a tail pipe
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R. Dinesh*&M.J. GiriPrasad&R. Rishi Kumar&N. Jerome Santharaj&J.
Santhip& A.S. Abhishek Raaj(2015)
IR o EE S

Addition of nanoparticles into a base fluid enhances its thermal
conductivity. This is possibly due to the microscopic motion and the surface
properties of the added nanoparticles. Plain engine oil exhibited a thermal
conductivity of 0.135 W/mK whereas the engine oil with MWCNTSs and
ZnOnano additives (volume fraction of 0.005% and 0.02% respectively)
exhibited a thermal conductivity of 0.138 W/mK resulting in an enhancement

of 2.2%
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Plain engine oil exhibited a kinematic viscosity of 140 stokes at 305K
while the nano lubricant exhibited a kinematic viscosity of 172.37 stokes at the
same temperature, resulting in an enhancement of 23.12% at 305K and 20.07%
at 373K. Thus the nano engine oil acts as a better lubricant compared to the
plain engine oil both at room temperature and at higher temperatures.

- il SRR R BIE R 305K B L 1400 A e A A HAEE S &
R R RERIRE T E 17237 EHALR A W wif & 305K #& 2 23.12% -
73K = 20.07 » Flpt » 2R Apd- il AR E FEPTFL
LA A
bR

Engine oil with nano additives exhibited a wear reduction of about 15
times compared to that of plain engine oil. Plain engine oil exhibited an
average wear of 150 microns whereas the engine oil with nano additives
exhibited an average wear of -15 microns, both for a testing period of 3600 sec.

3ok 4 dp g AR TR0 15 B erdE o S a4 & 3600 £ g
WP 2 R o Ao 4w AR T 15 ook 150 Aok e
ENRREE

Effects of temperature and solid volume fraction on viscosity of
Si02-MWCNTSs/SAE40 hybrid nano-fluid as a coolant and lubricantin heat

engines
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MasoudAfrand&Karim NazariNajafabadi&Mohammad Akbari(2016)
Fig. 1.shows the variations of dynamic viscosity of SiO2-MWCNTS/SAE40
hybrid nano-fluids with solid volume fraction at different temperatures. It can
be observed that the viscosity of the hybrid nano-fluid enhances with
increasing solid volume fraction. The effect of viscosity is to resist relative

motion of the fluid.
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Fig. 1.  Variation of dynamic viscosity with solid volume fraction at different
temperatures.
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riA slight increase in density of the fluid can cause adverse effects on the
natural and forced convection heat transfer process. These processes are mainly
dependent on the buoyancy driven forces and pressure drop during flow.

Effective density of MWCNTs-thermal oil-based nano-fiuids is measured using
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density meter, Mettler Toledo, DM 40. The typical behavior of decrement in

density with the increase in temperature is observed, shown in Fig. 2.

Fig. 2.
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Numerical investigation of the effective thermal conductivity of nano-fluid

using the lattice Boltzmann model
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25



13
e LBM *LBM
A Experimental Data ol A Experimental Data
1.2 = Theoretical Data A E 1.2} = Theoretical Data o
R ° 1 R ik
Ao N
1.1 . 1.1 = .
A2 . 8
10 001 002 003 004 005 006 10 001 002 003 004 005 006
Vv \
c d
13 13
®LBM * LBM
AExpenmental Data N A Experimental Data
1.2 } ® Theoretical Data 3 1.2} " Theoretical Data E
R N = 1 R A
= .
11 A 11 A
Al AT
1= : )
0 001 002 003 004 005 006 0 001 002 003 004 005 006
Vv \

Fig. 3.  Ratio of effective thermal conductivity of nano-fluid and base fluid(R)as a
function of volume particle density in the suspension(V)(a)Al,Oz water d30nm,
(b)Al,0O3 water d19nm(c)Al,03-EG d19nm, (d)Al,O3-EG d13nm
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Fig. 4. Ratio of effective thermal conductivity of nano-fluid and base fluid(R)as a
function of volume particle density in the suspension(V)(a)CuOwater d35nm,
(b)CuO-EG d11.9nm, (c)CuO-water d23.6nm, (d)CuO-EG d11.8nm

By using the lattice Boltzmann model described above, the thermal
behavior of the nano-fluids has been investigated. The investigation shows
that the thermal conductivities of the nano- fluids can be increased over the

base fluids with the addition of a small amount of Al,O3; and
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CuOnano-particles. It is clearly shown that the thermal conductivity
increases with an increase in the volume fraction.

In Fig.3 and Fig.4 the ratio of the effective thermal conductivity of
nano-fluid and the thermal conductivity of the basic fluid, denoted byR,
has been represented as a function of particle densities in the suspension,
denoted byV. This ratio is represented by three groups of data:
numerical data obtain by the lattice Boltzmann method, experimental
data [13,25]and theoretical data obtained by the Maxwell equation
[21]for nano-particle water and nano-particle EG (ethylene glycol)
suspensions. The ratio is presented for different concentrations of
particles in the base fluid and for various nanoparticle sizes. The results
show that the nano-fluids have noticeably higher thermal conductivity
than the basic fluids that does not contain nanoparticles.

The ratio increases almost linearly with the volume fraction. For the
Al,O3; water suspension, the thermal conductivity can be increased by
more than 20% at a volume fraction of 0.05.
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In this paper, alattice Boltzmann model for the effective thermal
conductivity of nano-fluids has been presented. The model predictions
have been shown to be in good agreement with the available
experimental data.

Both the numerical results and the experimental results show that the
addition of nano-particles to fluids leads to increased thermal
conductivities of the suspensions. The improved thermal conductivity
ratios increase with the volume fraction of nano-particles.

The numerically calculated thermal conductivity of the nano-fluid leads
to the same conclusions as the experimental data. These are that the
thermal conductivity of the nano-particle suspensions appears to be very
dependent on the size of the nano-particles and the concentration of the
nano-particles.
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5 #define D6_pin
7 #define D7_pin

//Libraries

#include <DHT.he

#include <Wire.h>

#include <LCD.h=

#include <LiquidCrystal_I2C.h=

//Constants
#define DHTPIN 7 £/ what pin we're connected to
#define DHTTYPE DHTZZ A4 DHT 22 (AMZ2382)

5 OHT dht(DHTPIN, DHTTYPE); //// Initialize DHT sensor for normal lémhz Arduino

A/ALWAYS USE THIS WITH LCD IZ2C and Addres @x3F
ftdefine TZC_ADDR @xZ7

@ #define BACKLIGHT_PIN 3

#define En_pin
#define Rw_pin
#define Rs_pin
#define D4_pin
#tdefine DS_pin

BT - A N

LiguidCrystal _I2C lcd(IZC_ADDR,En_pin,Rw_pin,Rs_pin,D4_pin,D5_pin,D6_pin,D7_pin);

B //VWariables

int chk;
float hum; //5tores humidity wvalue
float temp; //5Stores temperature value
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35 vold setup()

36 {

37 Serial.begin{968@);

38 dht.begin(d;

39 lcd.begin{le,2);

48 lcd.setBacklightPin(BACKLIGHT_PIN,POSITIVE);
41 lcd.setBacklight{HIGH);

42 ¢

43

44 vold loop()

45 |{

46

47 delay(1e0e);

48 //Read data and store it to variables hum and temp
49 hum = dht.readHumidity(D;
S8  temp = dht.readTemperature();
51 //Print temp and humidity walues to serial monitor
52 pinMode(s,0UTPUTY;

53 digitalWrite(8,false);

54 pinMode(3,0UTPUTD;

55 digitalWrite(3,false);

S6  pinMode(4,0UTPUTD);

57 digitalWrite(4,false);

S5& Serial.print{"Humidity: "J;
59  Serial.printChum);

68 Serial.print(" %, Temp: "J;
61 Serial.print(temp);

62 Serial.println{" Celsius");
63 1fChum=453{

&4 digitalWrite(4 ,HIGH);

65 1}

GEe 1fChum=582{

67 | digitalWrite(4,L0WD);

(=11 ¥

52 1fChum=453{

78 digitalWrite(8,HIGH);

7l ks

e 1fChum=5@2{

73 digitalWrite(s,LO0W);

74| %

75 if(temp=2@){

76 digitalWrite(3 ,HIGH);

i }elsef

7a digitalWrite(3,L0W);

3 1

B0

81 lecd.clear();

82 lcd. setCursor(@,8);

83 led.printl"Temp: “J;

B4 led. print{templ;

85 led. printl™ "3;

86 led.print{{char)Z223);

87 led.print{"C"3;

B& lcd. setCursor(@,1);

89 led.print{"Hum: “"J;

98 led.print{huml;

91 led.print{" %"J;

97

93 deloy(@a0@); /- Delay 2 sec.
94

95 %
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R B A& (C) 101.1 113.26 116
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5Cik e %A 1207 898 520.6
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2B5CHFHBAR 32.35 18 12.71
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latm % 2 (kJ/kQ) 216.8 330 401.9

ODP 0 0 0

GWP 3710 506 3
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GWP 1300 138 3
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N T P

61
Bl

PN

W7 REFERER

HHZ BRI EELFATFER

7 35.6(mv) 9:00 1.580(V)
30 266.04(mv) 10:00 1.681(v)
1:30 0.484(v) 11:00 1.789(v)
2:00 0.572(v) 12:00 1.872(v)
2:30 0.666(v) 13:00 1.97(v)
3:30 0.761(v) 15:00 2.07(v)
4:001.083 0.859(v) 16:00 2.07(v)
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4:30 1.000(v) 18:00 2.230(v)
5:00 1.083(v) 20:00 2.330(V)
6:00 1.217(v) 22:00 2.417(v)
7:00 1.344(v) 23:00 2.457(v)
8:00 1.466(v) 24:53 2.503(v)
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a1 [1] O 16] Vee
Q2[2 15] QO
[z 15]
Q3[3 14] DS
E 14]
- 595 2 o8
Q5[5 12] sT_cp
Q66 11] SH_CP
Q77 10] MR
[z 10] MR
GND[8 9] ar
MLAQO1

W 11 74HC595 &
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% 3R Z R B AR5 X K- TAHCS95 &2 Relay i 4%

#definea_ 13
#defineb_ 12
#definec_ 11
#define d_ 10

#define _a9
#define b8
#define _c7
#define _d 6

#define LOCK 5

void Serialize_Load();

void setup() {
/I put your setup code here, to run once:
pinMode(a_,OUTPUT);
pinMode(b_,OUTPUT);
pinMode(c_,OUTPUT);
pinMode(d_,OUTPUT);
pinMode(_a,OUTPUT);
pinMode(_b,OUTPUT);
pinMode(_c,OUTPUT);
pinMode(_d,OUTPUT);

pinMode(LOCK,OUTPUT);
Serialize_Load();
delay(500);
Serial.begin(9600);

}
void lock(){

digitalWrite(LOCK,HIGH);
delay(200);
¥

void unlock(){
digitalWrite(LOCK,LOW);
¥

void Serialize_Load(){
lock();
digitalWrite(a_,HIGH);
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digitalWrite(b_,HIGH);
digitalWrite(c_,HIGH);
digitalWrite(d_,HIGH);

digitalWrite(_a,HIGH);
digitalWrite(_b,HIGH);
digitalWrite(_c,HIGH);
digitalWrite(_d,HIGH);
unlock();

¥

void Serialize_Couple_Load (){
lock();

digitalWrite(a_,LOW);
digitalWrite(b_,HIGH);

digitalWrite(c_,LOW);
digitalWrite(d_,HIGH);

digitalWrite(_a,HIGH);
digitalWrite(_b,HIGH);

digitalWrite(_c,HIGH);
digitalWrite(_d,HIGH);

unlock();

}

void parellel_all_Load_(){
lock();
digitalWrite(a_,LOW);
digitalWrite(b_,LOW);
digitalWrite(c_,LOW);
digitalWrite(d_,LOW);
digitalWrite(_a,LOW);
digitalWrite(_b,LOW);
digitalWrite(_c,LOW);
digitalWrite(_d,LOW);
unlock();

void loop() {

switch(Serial.read()){
case 'a".
Serialize_Load();
break;
case 'b":
Serialize_Couple_Load _();
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break;
case 'c":
parellel_all_Load ();

break;
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