
 2 

2.1  (Vegetable oil) 

 ( . )

 C3H5

 94-96 

 83-85 

 (Carboxylic acid) 

 (Glycerol or Glycerin) 

(Saturated fatty acids) 

 C  C12 - C18  C 

 12  C3H7COOH

 (C12)  (C14)  (C16)  (C18)

( http://en.wikipedia.org/wiki/Fatty_acid)
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 2.1 

 (Unsaturated fatty acids) 

 (Double bond) 

(  http://en.wikipedia.org/wiki/Unsaturated_fatty_acid)

 2.2 



2.1.1

 80

1

– 90 

 7 - 13 

 12 - 13

22.3

9

. .25

1

 2.3

48

120

 (C

3

(Triglycerid

 32 

 Un

100

arraretto, 200

de)

1

nsaturated

 2.

02)

18

1



2

 2.1 

2.2

 2.1 

 (

10

 (Bamw

, 2546)

wal, 2004)

 5  – 15

)



11

 American Society for Testing and 

Materials (ASTM)  Institute of Petroleum (IP) 

2.2.1  (Density)

 ( )  (

)  (kg/m3)

 (Average density) 

m
V

     (1) 

(kg/m3)

m  (kg) 

V  (m3)

2.2.2  (Specific gravity)

 ( )

 ( )

SG . .

2

tansubs ce

H O

SG      (2) 

tansubs ce

    
2H O
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2.2.3  (Viscosity)

2.2.3.1 ISO (International Organization for Standardization)

 40 oC

(Centistokes, cSt)  ISO VG (ISO Viscosity Grade) 

 ISO VG 2, 3, 5, 7, 10, 15, 22, 32, 46, 68, 100, 150, 220, 320, 460, 680, 1000      

 1,500 

2.2.3.2 SAE (The American Society of Automotive Engineers)

 100 oC

 (Mono grade)  (Multi grade) 

 (Mono grade) : SAE 0W, 5W, 10W, 

15W  20W 

 Say bolt universal 

viscosity  2.4 

 2.4 
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2.2.4  (Flash point) 

 ASTM D 

93  Pensky Martin Closed Cup (PMCC) 

 Tag closed tester ASTM D 56

 Cleveland open cup (COC) 

 ASTM D93 

 2.5 

 2.5 

2.2.5   (Pour point) 

 ASTM D 97 

5  3 oC
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 2.6 

2.2.6  (Heating value)

 1  ( )  1

 ( )

     
QH
M

 ( )

    
QH
V

 ( )

             

 H = 

         

         Q =  (cal)  

           (kcal)  (J)  (kJ) 

        M =  (g)  (kg) 

        V = 



15

 100 

 (Bomb calorimeter) 

 2.7  (Bomb calorimeter)

1 2 3T W e e eQ
m

    (3) 

Q  =   (Gross heat   

of combustion) 

m  =  )g(

W  =    ) (  = 2,410 

e1  =  (Cal) NHO3 = e1 

e2  =  ( ) H2SO4 = 14 C2 (m) 

e3  =  ( ) = 2.3 (C3) for Parr 45C10 Nickel 

chromium fuse wire; 2.7 (C3) for gage iron fuse 
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2.3  (Emulsion)

 ( http://www.maproud.com/article/emulsion.html) 

80 (Span 80) 

 (Emulsifier) 

 2 

 (Internal or dispersed phase) 

 (External or continuous phase) 

 0.05  25 

 0.05  (Transparent) 

 0.05 – 0.10  (Translucent) 

 0.10 – 1.00 

 1.00 

2.3.1

2.3.1.1  2 

 (Macro Emulsion) 

 0.25 – 10  (

 1 )

(Coarse Emulsion)  (Fine Emulsion) 

 5 

 ( )

 (Micro Emulsion) 

 10 –75  (0.01 - 0.75 )

 (Visible light) 
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 (O/W)  (W/O) 

2.3.1.2

3

 (W/O Emulsion) 

 (Cleansing Cream)

 (O/W Emulsion) 

 ( Body cream and lotion )  (Sun screen cream) 

 ( Multiple Emulsion ) 

 (W/O/W)  (O/W/O) 

(W/O/W)

 (O/W)

2.3.2

 2 

(Surface free energy) 

 2 



 (

 1 

 2.8C. 

2.3.2.1

2.3.2.2

 http://en.w

 1 

 (Ultrasonic

wikipedia.org

 2 

 2.8

18

 (Hea

vibration)

 (Emulsi

g/wiki/Emulsi

1

 2 

8D.

2.8

at)

 (Ele

ifier)

ion)  2.8

 2.8B. 

 2 

 1 

 (Mech

ectricity)

 2.8 

8A.

hanical agitat

 1 

tion)

 2 

 1 
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2.4  (Ultrasonic)

 (  http://www.acmekornultrasonic.com/index.php?mo=10&art=240831)

 20 - 106 kHz 

 16 – 16,000 Hz 

Micro-air bubble ( ) Micro-air bubble 

 Micro-air bubble 

 Micro-air 

bubble  Micro-air bubble 

 (Transducers) 

 (Piezo electric disc) 

 (Generator)  

 2.9  (Transducers)

 4 

(Generator)  (Transducers)  2.9 

“ ”  “ ”
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2.5  (Engine)

 2 

 4  2 

 50 – 90 

2.5.1

 2 

 (Direct-injection, DI system) 

(Indirect-injection system, IDI system)  2 

 (Main chamber )

2.5.1.1  (Direct injection)

 (

)  2.10 
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 2.10 

2.5.5.2   (Indirect injection)

 (Prechamber)  (Main chamber) 

 Passage Way 
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 2.11 

2.5.6 (Edward,J.B.,1977)

2.5.6.1

2.5.6.2

2.5.6.3
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2.5.7

 2.12 Model of fuel droplet combustion (Edward, 1977) 

 2.12 

 Premixed flame 

 Burner  Diffusion flame 

COLLOIDAL 
FUEL 

&
AIR MIXED

VAPORIZING
FUEL

AIR

COMBUSTION
PRODUCTSPREMIXED 

FLAME

DIFFUSION
FLAME
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2.5.8

 4 

2.5.8.1  (CO2)

 CO2 ( )

 H2O ( )  CO2  O2 ( )

 O2  O2

 CO  CO2

2.5.8.2  (CO)

2.5.8.3  (NOx)

 NOx  NO NO2  NO2

Nitrogen dioxide 

 CO  CO2

NOx  (Nitrogen)  70 

 30 

2.5.8.4  (SO2)
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2.5.9

2.5.9.1

 (lbf)

(kg)  (N)

2.5.9.2

  -  (lbf – 

ft),  –  (kgf – m)  –  (Nm)

T F R      (4) 

2.5.9.3

 –  (ft – lbf), –  (kgf – 

m)  (Joule = Nm) 

2.5.9.4

 (Hose power)  (kW) 

2.5.9.5

2.5.9.6

 (Heat energy) 

 (Horse power)  1 

 1  550 
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 1  1  (1 Hp = 746 watts) 

.  (Indicated power and indicated 

horsepower)

(Oscilloscope)

.  (Brake power and brake horsepower) 

 (Dynamometer) 

 2.13  (Dynamometer) 

2.5.10

2.5.10.1  (Power)

100060
2 nTBP     (5) 

BP  (kW) 

        n  (rpm) 

           T  (Nm) 
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2.5.10.2  ( Fuel  consumption ) 

      

( )
( )

Fuel lFuel Consumption
time hr

     (6) 

   Fuel  (L) 

                 time  (hr) 

2.5.10.3  (Specific fuel consumption, 

SFC)

BP
m

SFC f  (kg/kWh) (7)

   fm

(kg/h)      BP  (kW)

2.5.10.4  (Thermal efficiency)

            1003600
HHVxSFCbth    (8)

       

               SFC  Specific Fuel Consumption (kg/kW.hr) 

                           HHV  (kJ/kg) 


