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Mongkol Salad 2010: Effects of Diesel Injection Strategies on Diesel Dual Fuel
Engine Operations under Low Load Conditions. Master of Engineering
(Mechanical Engineering), Major Field: Mechanical Engineering, Department of

Mechanical Engineering. Thesis Advisor: Mr. Tanet Aroonsrisopon, Ph.D. 146 pages.

The use of dual fuels is an alternative operation for a diesel engine. In such an engine,
natural gas is injected into the intake system and mixed with the air. Diesel fuel is directly
injected into the combustion chamber. As reported in previous literatures, one of the challenges
in diesel dual fuel (DDF) engines is poor low load operation characteristics, i.e. low engine

efficiency and high emissions.

The current research investigated the operating characteristics of a DDF engine in a
single cylinder, fourstroke, engine under low load operations at 1600 and 2400 rpm. The
timings and the amounts of diesel injections were varied to examine changes in the combustion

and the engineout emissions.

Data indicated that the timing of diesel injection had significant effects on the
combustion processes. Different injection strategies resulted in different timings of combustion,
rates of energy release and emissions. Moreover, the optimum operating points based on
optimum efficiency and emissions were summarized under selected engine conditions. The
findings from this study helped provide fundamental understanding into combustion control

strategies and perspectives for further DDF engine conversion applications.
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ITEM SPECIFICATION

Stroke 88.90 mm

Connecting rod 158.0 mm

Intake valve open 8° before TDC (+352° after TDC )
Intake valve close 42° after BDC (~138° after TDC )
Exhaust valve open 60° before BDC (+120° after TDC *)
Exhaust valve close 12° after TDC (—348° after TDC )
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2. lanTufiesuazniisenluan (Dynamometer and Control Unit)

a 4 ] 4 4 a 3 o a J
la Tulimesuazriieniugu inseseudanadougnanaudiny laun Tudiwesuuy
= Y VYo ¢
l#hnszuanss (DC Dynamometer) ¥11a 360V, 93A, 37kW Nawnsoduldnaweinesuas
29w 1A 0 Y A s s
pueliAes luAl nanfevztmnnidu vemes Iiihnszuaase luvmzaaisnuay
4 d o . 9 1 % '
IATPIBUATNIUNDY Motoring  arenanmsriunszua I udn 1 Tuveara Feegnield

= o q ¥ a e o q ¥ o A A A A
'ﬁu’lllll,iJWiﬁﬂi]g‘i/l'l‘lﬂlﬂﬂllﬁﬂﬂ§$1/]'lsll‘L!TJHGU@ﬁﬁﬂllﬁﬁ‘ﬂ'ﬂ‘ﬂmﬂaﬁﬂuumﬂ@uVI IATDIYUANDD

U

F4
a U

= Y] < v o a J o Y A g as
ARPNUULNULAYINUNUUAAIANISUYUATY Glu‘Vl']\'iﬂa‘Uﬂu hlﬂu'ljilﬂl@]@ﬁ%g‘ﬂ']wuﬁfllﬂu AY
s A 9 Y < A s v o A 1 o w o
LRUIUBLITILIADT lﬂJfJﬁf]\'lﬂ’]ﬁEl"]ﬂﬂuﬂ']iz"llf)\uﬂﬁf]\?ﬂuﬁ ﬂ')fﬂ’iaﬂﬂ'lﬁlﬂi’f]\‘lfluﬁﬁ\iﬂ'lﬁﬁ"lﬂQJU
v o @ 1 < ~ o Y a @ é’ Y 1 Y o
VAAIANIUIAAN U UINLULT AN LcﬁufJ'Ju']GlTT!ﬂ@!ljQ@ullwﬂ'lﬂizuﬁﬁi\i"llu HalneuIny
t4 s A IS o 1 @ 1 o 1
ginsainouneames iwenlauilulvihnszuaady 3 wla dendudqurastieas 'l Taun Ty
a = o <3 A a :/' Y o A [ o <3
UIADT NQﬂﬂﬁﬂ!jﬂﬂﬁ’]Nﬁ? (Tachogenerator) NYNAAAIULVIN VWA UNDFITYYIUDATUTITOU
a 4 (% 1 o & =S A o
SU9\1hlﬂu’liullmﬂﬁhlﬂﬂ\iﬁu’JfJﬂ'JUﬂiJﬂ'ﬁﬂ’N']u (AVL PUMA 5) 943182108 NIUNAUAAN

v Y
A1319% 2 o il

d' = a a 4
M1319% 2 i186316fJﬂVH\‘]LVIﬂuﬂ"U@Q]lﬂuﬂNNmai
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Manufacturer McClure
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Rating 0/37/37 kW continuous absorbing
Armature 360 volts 93 amps

Field 340 volts
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5. 19309 Azivaiy leide (Exhaust Gas Emissions Analysis)
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6. gUnsaiiuNnmInNNAUIUNIZUBNGY (Pressure Measurement Apparatus)
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1"Inj 2"Inj. %1 ). %2"Inj. Diesel CNG
Test strategies Timing  Timing  Massflow Massflow Massflow  Massflow ¢
[BTDC] [BTDC] [%] [%] [kg/hr] [kg/hr] [-]
10 - 100 0 0.20 0.42 0.32
15 > 100 0 0.20 0.42 0.32
20 N 100 0 0.20 0.42 0.32
1pulse DDF 25 : 100 0 0.20 0.42 0.32
Vary Inj. Timing 30 v 100 0 0.20 0.42 0.32
35 5 100 0 0.20 0.42 0.32
40 > 100 0 0.20 0.42 0.32
45 = 100 0 0.20 0.42 0.32
50 100 0 0.20 0.42 0.32
11 5 80 20 0.10 0.31 0.32
15 5 80 20 0.10 0.31 0.32
2pulse DDF 20 5 80 20 0.10 0.31 0.32
Vary st DI Timing 25 5 80 20 0.10 0.31 0.32
30 5 80 20 0.10 0.31 0.32
35 5 80 20 0.10 0.31 0.32
40 5 80 20 0.10 0.31 0.32
45 10 50 50 0.10 0.32 0.33
45 15 50 50 0.10 0.32 0.33
2pulse DDF 45 20 50 50 0.10 0.32 0.33
Vary 2nd DI Timing 45 25 50 50 0.10 0.32 0.33
45 30 50 50 0.10 0.32 0.33
45 35 50 50 0.10 0.32 0.33
45 38 50 50 0.10 0.32 0.33
45 15 0 100 0.10 0.31 0.33
45 15 18 82 0.10 0.31 0.33
2pulse DDF 45 15 32 68 0.10 0.31 0.33
Vary % DI 45 15 46 54 0.10 0.31 0.33
45 15 64 36 0.10 0.31 0.33
45 15 78 22 0.10 0.31 0.33
45 15 100 0 0.10 0.31 0.33
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1"Tnj 2"nj. %1"Inj. %2"Inj. Diesel CNG
Test strategies o o ¢
Timing Timing Massflow  Massflow  Massflow  Massflow
[BTDC] [BTDC] [%] [%] [kg/hr] [kg/hr] [-]
85 26 70 30 0.21 0.65 0.45
80 26 70 30 0.21 0.65 0.45
2pulse DDF 75 26 70 30 0.21 0.65 0.45
Vary 1st DI Timing 70 26 70 30 0.21 0.65 0.45
65 26 70 30 0.21 0.65 0.45
60 26 70 30 0.21 0.65 0.45
55 26 70 30 0.21 0.65 0.45
65 26 60 40 0.20 0.64 0.45
65 28 60 40 0.20 0.64 0.45
2pulse DDF 65 30 60 40 0.20 0.64 0.45
Vary 2nd DI 65 32 60 40 0.20 0.64 0.45
65 35 60 40 0.20 0.64 0.45
65 38 60 40 0.20 0.64 0.45
65 40 60 40 0.20 0.64 0.45
65 26 100 0 0.21 0.65 0.45
65 26 76 24 0.21 0.65 0.45
2pulse DDF 65 26 65 35 0.21 0.65 0.45
Vary % DI 65 26 60 40 0.21 0.65 0.45
65 26 54 46 0.21 0.65 0.45
65 26 43 57 0.21 0.65 0.45
65 26 27 73 0.21 0.65 0.45

65 26 8 92 0.21 0.65 0.45
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Injection Calculated Fuel Mass
Injection Duration Duration Duration in Flow Estimated Flow
at 1600 rpm at 2400 rpm Time (MEAN)

[CA] [CA] [ms] [kg/hr] [kg/hr]
0.8 1.2 0.083 0 0
1.6 24 0.167 0 0
24 3.6 0.250 0.002 0.002
32 4.8 0.333 0.016 0.017

4 6 0.417 0.039 0.042
4.8 7.2 0.500 0.077 0.077
5.6 8.4 0.583 0.124 0.121
6.4 9.6 0.667 0.176 0.175
7.2 10.8 0.750 0.239 0.238

8 12 0.833 0.309 0.312
8.8 13.2 0.917 0.396 0.395
9.6 14.4 1.000 0.487 0.487

10.4 15.6 1.083 0.569 0.578
11.2 16.8 1.167 0.673 0.678
12 18 1.250 0.779 0.779
12.8 19.2 1.333 0.877 0.880
13.6 20.4 1.417 0.985 0.980
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Tsunsumsvnuaaanas Filter wannuaulunszuengy 14 VBA Microsoft Excel

Const pi =3.1415926

Private Sub Read Pressure Data()
'Fori=1 To 7200
Fori=1 To 3600
Forj=1To 50
P(i, j) = Sheet3.Cells(i, j)
Next j
Next i

End Sub

Private Sub Filter()
'********FT_ﬁlter***********
NN =160
'Nump = 7200
Nump = 3600

YYY=0

Forii =1 To Nump

YYY=YYY + Press(ii, 0) * 2 * pi / Nump

Next ii

AA0)=YYY/2/pi
BB(0)=0
Forjj=1To NN
AA(j) =0
BB(jj)=0
Forii =1 To Nump
YYY = Press(ii, 0) * 2 * pi / Nump

'MsgBox (YYY)

AAG)) = AAG)) + YYY * Cos(jj * ii * 2 * pi / Nump)
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BB(jj) =BB(j) + YYY * Sin(jj * ii * 2 * pi / Nump)
Next ii
AA(j)) = AA()) / pi
BB(jj) = BB(jj) / pi

Next jj

sk Filtered outputt ik
Forii=1 To Nump
YY(ii) = AA(0)
Forjj=1To NN
YY(ii) = YY(ii) + AA(j) * Cos(jj * ii * 2 * pi/ Nump) + BB(jj) * Sin(jj * ii * 2 * pi / Nump)

Next jj

'Furier
Press(ii, 1) = YY(ii)
If Press(ii, 1) >=P_max(1) Then
P_max(1) = Press(ii, 1)
End If
Next ii
'******FT ﬁlter end*********
End If
End Sub

d U
T1/sunsa VBA Microsoft Excel tnsizvimsin Indionwannudulunszvengy
Const pi = 3.1415926

Sub CalGammal(ns, ne, gamma)
'Cal gamma compression
suml =0
sum2 =0
Forn=30 To 30
logVC1 = Sheet2.Cells(ns + n, 3)

logPC1 = Sheet2.Cells(ns + n, 5)
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logVC2 = Sheet2.Cells(ne + n, 3)

logPC2 = Sheet2.Cells(ne + n, 5)

suml =suml + (logPC2 logPC1)/(logVC2 logVC1)
Nextn
gamma = suml / 61
'If gamma > 1.4 Then gamma = 1.4

End Sub

Private Sub btnCalLog_Click()
'Fori=1 To 7200
Fori=1 To 3600
Sheet7.Cells(i, 1) = Log(V(i))
Sheet7.Cells(i, j + 1) = Log(Sheet3.Cells(i, j + 1))
Next i

End Sub

Private Sub btnCalAll_Click()
Call btnFilter_Click

Call btnCalRef Click

Call btnHRR_Click

Call btnIMEP_Click

End Sub

Private Sub btnCalRef Click()

Dim Area, V, V¢, Vd, a, Conrod, Rc, Bore, R As Double
a = Sheetl.Cells(2, 2)

Conrod = Sheet1.Cells(3, 2)

Bore = Sheetl.Cells(4, 2)

Rc = Sheetl.Cells(5, 2)

R =Conrod/a

'Ca Vmax
Area=0.25 * pi * Bore " 2

Vd=2*a* Area
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Sheetl.Cells(6, 2) = Vd

'Cal V¢
Ve=Vd/(Re 1)
Sheetl.Cells(7, 2) = Ve

Fori=1 To 3600
' CA=1i%*0.1*(pi/180)
CA=1*0.2*(pi/ 180)
V=1+05*Rec 1)*(R+1 Cos(CA) (R*2 (Sin(CA))"2)"0.5)
V=V*Vc
' Sheet2.Cells(i+1,1)=1*0.1
Sheet2.Cells(i +1,1) =1 * 0.2
Sheet2.Cells(i+1,2) =V
Sheet2.Cells(i + 1, 4) = Sheet5.Cells(i + 1, 3)

Next i

'Cal compression gamma

suml =0

sum2 =0

'ns = 3000

'ne = 3500

ns = 1500

ne = 1750

Fori=3To3
suml = sum1 + Sheet2.Cells(ns + i, 3)
sum2 = sum?2 + Sheet2.Cells(ns + i, 5)

Next i

logVCl =suml /7

logPC1 =sum2 /7

suml =0

sum2 =0
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Fori=3To3
suml = suml + Sheet2.Cells(ne + i, 3)
sum2 = sum?2 + Sheet2.Cells(ne + 1, 5)
Next i
logVC2 =suml /7

logPC2 =sum2 /7

GammaC = (logPC2 1logPC1)/ (logVC2 logVCl)
Sheet1.Cells(9, 2) = GammaC

'Cal expansion gamma

suml =0

sum2 =0

'ns = 4000

'ne = 4400

ns = 2000

ne = 2200

Fori=3To3
suml = sum1 + Sheet2.Cells(ns + i, 3)
sum2 = sum?2 + Sheet2.Cells(ns + i, 5)

Next i

logVC1 =suml /7

logPC1 =sum2 /7

suml =0

sum2 =0

Fori=3To3
suml = sum1 + Sheet2.Cells(ne + 1, 3)
sum2 = sum?2 + Sheet2.Cells(ne + 1, 5)
Next i
logVC2 =suml /7
logPC2 =sum2 /7

GammaE = (logPC2 logPC1) / (logVC2 logVCl1)



Sheet1.Cells(10, 2) = GammaE

End Sub

Private Sub btnFilter Click()
'Dim AA(7300), BB(7300), YY(7300)
Dim AA(4000), BB(4000), Y'Y(4000)
kKRR fjpep Rk Rk
NN = 160
"Nump = 7200
Nump = 3600
Forj=2To2
YYY=0
For i = 2 To Nump + 1
YYY =YYY + Sheet5.Cells(ii, j) * 2 * pi / Nump
Next ii
AA0)=YYY /2/pi
BB(0)=0
Forjj=1To NN
AA(jj) =0
BB(jj)=0
Forii =2 To Nump + 1
YYY = Sheet5.Cells(ii, j) * 2 * pi / Nump

'MsgBox (YYY)

AAG)) = AAG)) + YYY * Cos(jj * ii * 2 * pi / Nump)
BB(jj) =BB(jj) + YYY * Sin(jj * ii * 2 * pi / Nump)

Next ii
AA(j) = AAG)) / pi
BB(jj) = BB(jj) / pi

Next jj

'******Filtered Output*********
Forii=2 To Nump + 1

YY(i) = AA(0)

137
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Forjj=1To NN
YY(@ii) = YY(ii) + AAQj) * Cos(jj * ii * 2 * pi / Nump) + BB(jj) * Sin(jj * ii * 2 * pi / Nump)
Next jj
'Furier
Sheet5.Cells(ii, j + 1) = YY(ii)
Next ii

'******FT ﬁlter end*********

Next j
End Sub

Private Sub btnHRR_Click()

Dim VO, V1, V2, PO, P1, P2, dV, dP, dQ, Qsum, Qtotal, CA10, CA50, CA90, CA1090, CAQMax, Qmax,
Pmax, CAPmax, dPmax, CAdPMax, GammaC, GammaE

Qsum =10

Qmax =0

Sheet4.Cells(k, 1) ="CA"
Sheet4.Cells(k, 2) = "dQ"
Sheet4.Cells(k, 3) = "Qsum"
Sheet4.Cells(k, 4) = "dP"
Sheet4.Cells(k, 5) = "Gamma"

'Cal gamma compression

'Call CalGamma(3000, 3300, gamma)
'GammaC = gamma

'Call CalGamma(4000, 4400, gamma)

GammaE = gamma

'Fori= 3300 To 4200
Fori=1650 To 2100

k=k+1
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VO = Sheet2.Cells(i 1, 2)

V1 = Sheet2.Cells(i, 2)

V2 = Sheet2.Cells(i + 1, 2)
dv=(V2 V1)/2+(V1 V0)/2
PO = 100000 * Sheet5.Cells(i 1, j)
P1 = 100000 * Sheet5.Cells(, j)

P2 = 100000 * Sheet5.Cells(i + 1, j)
dP=(P2 P1)/2+(P1 P0)/2

! If 1 <4000 Then
If 1 <2000 Then
gamma = GammaC
Else
gamma = GammaE
End If
gamma = 1.33

'Call CalGamma(i 10, i + 10, gamma)

¢l = gamma / (gamma 1)

c2=1/(gamma 1)

! dQ=10*(cl *PI *dV +c2 * V1 * dP)
dQ=5%*(cl *P1 *dV +c2 * V1 *dP)

! Qsum = Qsum + dQ * 0.1
Qsum = Qsum + dQ * 0.2

'find Qmax,CAQmax
If (Abs(Qsum) > Qmax) Then
Qmax = Qsum
! CAQMax =1i* 0.1
CAQMax =1*0.2

End If

'find Pmax,CAPmax
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If (P2 / 100000# > Pmax) Then
Pmax = P2/ 100000#
CAPmax =1%*0.1
CAPmax=1%*0.2

End If

'find dPmax,CAdPmax

dP=dP * 10

dP=dP *5

If (dP / 100000# > dPmax) Then
dPmax = dP / 100000#
CAdPMax =i * 0.1
CAdPMax =1 *0.2

End If

Sheet4.Cells(k, 1) =1* 0.1
Sheet4.Cells(k, 1) =1 * 0.2
Sheet4.Cells(k, 2) = dQ
Sheet4.Cells(k, 3) = Qsum
Sheet4.Cells(k, 4) = dP
Sheet4.Cells(k, 5) = gamma
'Sheet9.Cells(i 2998,j+ 1) =dV

Next i

Qtotal = Qsum

Qsum =10

CA10=1000

CA50=1000

CA90 = 1000

CA1090 = 1000

k=1

For i =3300 To 4200

Fori=1650 To 2100
k=k+1

dQ = Sheet4.Cells(k, 2)



Qsum = Qsum + dQ * 0.1
Qsum = Qsum + dQ * 0.2
If (Qsum / Qmax >= 0.1) And CA10 = 1000 Then CA10=1i* 0.1
If (Qsum / Qmax >= 0.5) And CA50 = 1000 Then CA50 =i * 0.1
If (Qsum / Qmax >= 0.9) And CA90 = 1000 Then CA90 =i * 0.1
If (Qsum / Qmax >= 0.1) And CA10 = 1000 Then CA10=1* 0.2
If (Qsum / Qmax >= 0.5) And CA50 = 1000 Then CA50 =1 * 0.2
If (Qsum / Qmax >= 0.9) And CA90 = 1000 Then CA90 =i * 0.2

Next i

CA1090 = CA90 CA10

Sheet6.Cells(1, 8) = "CA10"

Sheet6.Cells(1, 9) = "CA50"

Sheet6.Cells(1, 10) = "CA90"

Sheet6.Cells(1, 11) = "CA1090"

Sheet6.Cells(1, 12) = "Qtotal"

Sheet6.Cells(1, 13) = "CAQMax"

Sheet6.Cells(1, 14) = "QMax"

Sheet6.Cells(1, 15) = "CAPMax"

Sheet6.Cells(1, 16) = "PMax"

Sheet6.Cells(1, 17) = "CAdPmax"

Sheet6.Cells(1, 18) = "dPMax"

Sheet6.Cells(1, 19) = "GammaC"

Sheet6.Cells(1, 20) = "GammaE"

Sheet6.Cells(2, 8) = CA10

Sheet6.Cells(2, 9) = CA50

Sheet6.Cells(2, 10) = CA90

Sheet6.Cells(2, 11) = CA1090

Sheet6.Cells(2, 12) = Qtotal

Sheet6.Cells(2, 13) = CAQMax

Sheet6.Cells(2, 14) = Qmax

Sheet6.Cells(2, 15) = CAPmax

Sheet6.Cells(2, 16) = Pmax

Sheet6.Cells(2, 17) = CAdPMax

Sheet6.Cells(2, 18) = dPmax
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Sheet6.Cells(2, 19) = GammaC
Sheet6.Cells(2, 20) = GammaE
End Sub

Private Sub btnIMEP_Click()
Dim IMEP(50)
'Dim V1(7300), V2(7300), P1, P2
Dim V1(4000), V2(4000), P1, P2
Vd = Sheetl.Cells(6, 2)
'Fori=1To 7199
Fori=1To 3599
V1(i) = Sheet2.Cells(i, 2)
V2(i) = Sheet2.Cells(i + 1, 2)
Next i
Forj=1To 50
IMEP()=0
' Fori=1To 7200
Fori=1 To 3600
P1 = Sheet3.Cells(i + 1, j)
P2 = Sheet3.Cells(i + 2, j)
IMEP(j) = IMEP(j) + P2 * (V2(i+ 1) VI(i+1))/Vd
Next i
Sheet6.Cells(G+ 1, 1) =]
Sheet6.Cells(j + 1, 2) = IMEP(j)

Next j

End Sub

Private Sub Worksheet SelectionChange(ByVal Target As Range)

End Sub
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Fuel Properites Test Method Diesel
pecific gravity at 15.6/15.6 °C ASTM D 976 0.8276
Calculated Cetane Index ASTM D613 57.6
Cetane Number ASTM D445 57.4
Viscosity at 40 °C (cSt) ASTM D97 2.698
Pour point ("C) ASTM D4294 3.0
Sulfur Content (%owt.) ASTM D130 0.030
Copper Strip Corrosion (No.) ASTM D4530 la
Carbon residue (Yowt.) ASTM D2709 0.001
Water and sediment (%vol.) ASTM D 482 traces
Ash (%wt.) ASTM D93 <0.001
Flash point (°C) ASTM D86 61
Distillation
90% recovered (°C) ASTMD1500 353.2

Colour CEC F06A96 LO0.5
Lubricity Performance ([lm) ASTM D240 433
Net Heating Value (MJ/kg) IP 391/95 42.8
Aromatic Content (%)

Monoaromatic, g/100ml 20.6

Diaromatic, g/100ml 4.4

Polyaromtic, g/100ml 0.3

Total aromatic, g/100ml 253
Carbon ,%mass 86.22
Hydrogen, %mass 13.78

fn: aouitenazinalulad dan. @oyaiuh 12 Tunay 2552)
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Specific Gross Net
Compound Mole
Gravity Heating Value Heating Value
[%] [kg/m’] [MJ/m’] [MJ/m’]
C6+ 0.129 0.0038 0.36 0.21
Propane 1.966 0.0299 2.89 1.70
iPropane 0.395 0.0079 0.75 0.44
nButane 0.357 0.0072 0.68 0.40
iPentane 0.000 0.0000 0.00 0.00
nPentane 0.000 0.0000 0.00 0.00
Carbon Dioxide 13.786 0.2095 0.00 0.00
Ethane 6.326 0.0657 6.53 3.81
Oxygen 0.000 0.0000 0.00 0.00
Nitrogen 2.203 0.0213 0.00 0.00
Methane 74.839 0.4145 44.09 25.34
Total 100.001 0.7599 55.30 31.90
Gas density :0.932 kg/m3
HHV : 38.008 MI/kg
LHV : 34.343 Ml/kg
(A/F)s :16.29
H/C : 3.736 (subtract CO2)
H/C : 3.270 (all species)
LHV_NG :34.3 MJ/kg

H v Av Y [ § [
e aonfuIseuazmalulas Uan. (Yoyaiui 19 Sunaw 2552)



1J‘i$ﬁlﬂ1§ﬁﬂﬂ1 HazMINNY

¥o —vwana WPNINa 4119
Su aou d fitha 10 WQHAIAN 2519
d‘ a 2 2 1
aounng T iaveuLny
A = ~ % a <) z CY =
sz iamsanmn YszmatiotnsdInFnsuge aoniumalulagssuena

MBUVAVOULNY

YTyaniennssumanstuma YHIMeaeaTuATUNT
a v

Al5a1 03nsnY

o

d‘ Y] v Ao =
amumianuagiiv aaiuIveuazmna lulag Uan.

NANUAAUIAZI I TaMIIVINS

= d‘ Y
ﬂuﬂ1§ﬂﬂy1ﬂ“lﬂiﬂ -



