31

carburetor

311

(Mixer)
(Orifice Flow Meter)

(Injector)

L[ BL[6]

(discharge coefficient, CD

(carburetor)
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Actual flow
ideal flow (&)
(Ar)
(Ae) (
) upstream ( ) downstream (
)
Ay )
Cp= Z (3 2)
: 0OTNY |
6 |©
==
|
31 orifice [5]
312 (1], [l
orifice 31
P\+PAY=P1+P"Y (3-3)
VIAT =¥2A2
orifice

2 7Y
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A r 4 2P(Pi~Pi) 35
actual DV-{AJAtf ( )

3-2

3-2

GO = 3y . Y 39)
a,ideal \/T_O R (I k k " 1 M2 )(kH)IZ(k-l)
2

1/k (k=1)/k
_ R (pr) ] 2k 1_(P_rJ (37)
a,ideal (R'T 'o po k = po




N [ Nk T
t

) fofole T p
a,actual UOJ K- 1 5o

—
]

m aactual = C DAR\ZPO(pO—/ﬂ-)] $

2k NUEIS

U-1J uod  UoJ
1Pt

<t
(Apa:PO-PT) 3-3
(compressibility)

-1.00 T
I
[}
0.80— :
0.60 T !
) B —l!)—. ‘ }
m g|

0.40 - / <

]

0.20 e E

0 { . 1 1 1
0 010 0.20 0.30 0.40 0.472
P, ~Pr

1.0 0.8 0.8 0.7 0.6 0.528

Iy &

3-3

X

(3-10)

60%
5%



h2-<0.1
Po
313 orifice [1]
orifice (mf) " 1
CO0AO(2pfApf)Y2
Cp A0 orifice
orifice orifice
3.14 ' o [6]
12 10
wg (CpptCA YV ( pgg APa 0
m, \C DO‘]VAOJ\pf&J kPa-pf
12
1 PSh
, APa )
AOAT,pf P00
C00,c ot 0
3-4

Ap

# Mittm #TOlttwmij

(3-10)

A,pf

(312

(313



il B -
0.8} : e
/:/ Cp,
o6/ | ]
i
L m(A/F) a
L A
0 +
1.2 :
i Jiea
i K 116 F
0.8} J1s
T 7 3 & %
Ap, kN/noP
3-4 [1]
315 discharge coefficient [1]
Discharge coefficient
‘ 3-5 Discharge coefficient

y» -0.0012*** 00196X - Q.12MX + 0-3894X*. 0.0233** +

0.8 A

USZ76x + 0.855

7?__1 Qe

08 — 38
04 / — fi (Cad)

y = -0.0015x" + 0.0267x" - 0.1843x" + 0.8434x" - 1.197x" + 1.1427x — taiMfe» (Od
02
+0.3394
0 1] go¥ 1 1 Ll
0 1 2 3 4 5 8
dalaP( / 2}

3-5 cM o cdf [1]
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3.2 Mixer

v,
vindife ),--:» *
LA

—_—

77 3-6 Al a2IULIL Mixer

Specification: Engine model KUBOTA RT 120-011192
Engine size 624 cc, 1cylinder (4 strokes)
Max. Power @2400 rpm 9 kw.
Max. Power @ 1000 rpm 4 KW.
Inlet diameter 1= 44 mm,
Volumetric Efficiency 90%
Fuel Conversion Efficiency 30%
Condition: Air inlet temperature 21° C (300K)
Ambient pressure 101 kPa.
Assumed : Diesel Consumption (Idle Mode) 10.0 (cc/min.)

Properties of fluid:
Air p = 1.18 kg/m3, cp= 1.004 kJ/(kg-K), k=14
Methane 100% pm= 0.635 kg/m3 ,QH/ = 50 MIkg
Biogas @ Methane 60 % ph=0.996 kg/m3



()
— WC
(i m fdQHVDiseI + My tetpane rivasethane
M = W, =1 rm fdQH»’DieseI
”fQHVMelhanE
(3-15)
1000 0.00021 kg/s
2400 0.00075 kyls
()
_ 1nvj_ _ 0.90A/(624x10~6) _ 4 68x10°61V
Nar = 60nR = 60x2 '

1 P1=Pdm= 1bar. = 101 kPa

,1 _Qa]: — 468)(‘0“’6!\/ = 3 778 X |0 I3/V
4 7/(44x107)

Qair _ 4.68X10-62N =5.6x10‘6i2
4, (D)

. (3.3):

BN, g
e (T O _oa 41
b 2+ +\ S1z

24

(3-14)

(3-15)

0.00036 kg/s
0.00125 kgls

(3-16)



= paiv2-v,2/2 =in « (56x 1(T63~)2- (3.778x L(T3N)2
AP = 1850 10“D7--8.42X 10 6772 > Ans
D2

— =1.8316xI(T15} - 8.3378x10~1N 2
DX D\

Y =1~Y~=118316X10"D" - +8.3378xI0 1A

Pt/P1

1.1 —

0.7

0.6

| =6=2400 Rpm. =#~=2000 Rpm.
=&—-1800 Rpm. =>¢1500 Rpm.
=%=1200 Rpm. ==1000 Rpm.

0.01

0.015 0.02 0.025 0.03 0.035 0.04
Di (m.)

37



2

Presure Drop of Venturi

0.45

=-Di=004m. o ]
0.4 - ~8-Di=0.035m. ]
=4—Di=0.03m. /<
0.35 1 =>=Di = 0.025 m.

Presure Drop (kPa.)
o
N

0 500 1000 1500 2000 2500
Engine Speed (rev/min.)

3-8

i ey L2
ma’real 9 Dpl 6/\]’ ( PT 2k 1_ f PT (3_17)
Jo k-1 170,
¢iea, =c DATI2PO{PO- p7)]12@ 319
37 -fe
3-3 3-4
co 083 ( 3.15)
( =1)

ma=0.83 2 % 2(1.18) 1.850 X100~ - 3.778 X10'6N 2 Xl
\ D2
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CD 075 (
3.15)

mf =CaofAf [2(Ap)pf r (3-19)

tf =(075) , . [200.996)(L850I0°:  3T78xi0$T)|2

()
2 aed =CDAR[2p0(P0-P r)]170
mf = CofAf [2(Ap)pf VW ' 3 mf
39
(1|5 e — A -
0.045 o
0.04 A

Aorifice (m2)

0.035 /
0.03 / —
0.025 4

0.02

0 0.0001 00002  0.0003  0.0004  0.0005  0.0006
Dth (m)

39 orifice



]
o
J

X ~-Dth=0.045m. —8-Dth = 0.040 m.
—¢Dth =0.035m. =%Dth = 0.03 m.
—Dth = 0.025 m.

//

(4]
o

AU orifice (3)
8 3
vd £
/] {

20
10 - ———]
0 T :
0.002 0.004 0.006 0.008 0.01
2AU7n orifice (m.)
3-10 orifice orifice
0.03 . orifice 0.008 . 6
orifice
Biogas mass flowrate Dth = 0.044 m. Do = 0.008 m. 6 holes
0.003 —=

0.0025 »
0.002 /

0.0015 /

0.001 /

0.0005 /

0 5(;0 1 (;00 1 5'00 20’00 25;00

Engine speed (rev/min.)

mass flowrate (kg/s)

F1 mf 0.03
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100,00 r=4 mm. 6 holes, -~
10,00 80,00 10.00
500 ,
< g 68,00 3,00
e g|g| g 3
s 88 HEEEE
8 8
X |8
7| L
100,00
40,00 , 20,00
'
8| 8
o) 8 8
R = 8 sz
3-12 Venturi mixer
1
331 7]

ASME (American Society

Of Mechanical Engineers), MCF 14 M-2001(Revision of ASME MCF 14 M-1995),
Measurement of Fluid Flow Using Small Bore Precision Orifice Meters.
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332
orifice
3321
a)
b)
)
d) 6 [. 40
mm. 4 upstream
orifice plate
e) upstream
downstream (tolerance<0.0025 mm.)
f) 0.25 pm.
0) upstream 18D
downstream 8D
3322
orifice 6 .  40mm
(steadly state) (subsonic)
single phase orifice 2
upstream  downstream orifice
3.3.2.2.1 Corner Tap
Comer tap
orifice upstream downstream
orifice

Corner Tap 3-13
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3 oriice (dD) 0.1:08
a 3.18 mm. < a< 4.76 mm.
b 159 mm. <a <3.18 mm.
C orifice
25.4 mm.
N
Amnuluspe
5 FEvS|
Wi B l b AR Ring JointType
LR \\\.\\%\ \
N
NN
NN
§ K o
S
313 Qrifice Corner Tap [7]
3.3.2.2.2 Flange Tap
Flange tap
Flange tap 3-14
3 oriice (dD) 0.15:0.7
Tap orifice 25.4 mm,

- Tap

12



Tap

Tap

6 mm. Ko

Tap
15 mm.

254 mm 254 mm
(Vin} (1in)

MBS SSSS

- N
§ :\\i '
e
SO

Do SN

AN

254 mm 254 mm
{tin) (1in.)

3-14 Orifice Flange Tap [7]

3.3.2.2.3 OQrifice plate

orifice plate 3-15
orifice
1]
orifice
0.00127 mm.
orifice ( E) 3.2 mm. 0.001D

orifice ( €) 002D  0.125d

32

0.4 mm.



orifice

45

downstream

-

Upstream face, A ~»-

(=~ Thickness, E, of the plate

=~ Downstream face, 8

L

I_A/-Auglc of bevel, F

7

Thick , @, of the orifice

#0  sd - ——=
—_—
Direction of flow
Downstraam i
._uncu. Hand !
A 5 ._4<
Upstream * =)
edge. G > . .
S DN
=

gﬂ’v"; 3-15 anunzuazAaulssingT 194 Orifice plate [7]

333

orifice

)

33

upstream

orifice Flange

( Flange Tap)

(3-22)

(3-20)



gm  fluid mass flowrate (kg/s)
Ap  differential pressure (Pa)
C discharge coefficient,

¢ =[05980+046 (24+\0pNy 1-K +(087+ 8.\pA)VQA- (3-21)

Condition; 25 mm. < <40 mm, 0.15< 3< 0.7 Red > 1000
Red  Reynold number,

Ko "0 (3-22)

D fluid flow density (kg/m3
P absolute viscosity of the fluid (Pa.s)
v velocity of the fluid in pipe (m/s)
K diameter ratio d /o
d orifice diameter (m.)
D pipe diameter (m.)
expansion factor,

(q.41+0.35/74)aP

f= kP X (323

Condition: P2P1> 0.8
k isentropic exponent, (C /Cv)
Px  Upstream pressure (Pa)

(Iteration) d



orifice

35

| 28 mm.)
1 1
5 mm. 3-16 3-17
g
i piomn — P
5 @3 mm. [———————— _]-___ ______ -k&§
|
T | )
£ e [N FOE
o]l N NN N 11
l @28 mm. L—tlf—:::j
‘4""':‘*'—‘ npr mm @7 mm . 4 HOLES : L1 mm.
i |
| |
| | :
I : E
|
=
R S| g

|
© |
|
|

~

|
I
|
|
|
|

I VPR U ——

- MANUFACTURE 2 UNITS |

i

4 o o ! .
JUM 3-17 anwouzuazsaulesingg 194 Orifice plate
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