REFERENCES

Daugherty, R.L.,and Franzini,J.B. 1965 Fluid Mechanics with

Engineeringe Applications. 6th ed. New York:

McGraw-H1ill Book Co. Inc.

Dodd, A.E., and Splers, J. 1968-69. Smoke Measurement Instrument
and Comparison Method. Motor Vehicle Alr Pollution
Control. Proc. I: Mech. E. vol. 183.

Howard, S. Bean. (ed) 1971 Fltid Meter Their Theory and
Applications 6th ed. ASUE.

Lyon, D.,'Howland AQW., and TLom, W.L. 1972. Controlling
Exhaust Emisgions from a Diesel Engine by L.P.G. Dual
Fuelling. £i7 Pollutidn Control in Transport Engines.
London: I. Mech., E. '

Lycn, d., Tims J.M., and Muller, K. 1972 Techniques for Reducing
Exhaust Beissions from Diesel Englnes. 14th International
Avutomoblle Technical Congress of Fisita. ILondon:

Martini, C., and Oggero, M. 1972 Diesél oil and L.P.G. Fuel
Feed of I.C. Engines.to Reduce Urban Bus Smoklness.
14th International Automobile Technical Congress of
Fisita. London:

Moore, N.P.¥W,,and Lewls, J.D. 1952 An Investigation of Combustion
in Dual Fuel Engines. IV Congre's International du
Chauftlage Industriel.

Moore, N.P.W., and Mitchell, R.M.S. 1956. Combustion in Dual
Fuel Engine. Proc. Joint Conference on Combustion.

London: I. Mech. E. Section IV.



56

Pattersan, D.J., and Henein, N.A. 1972 BEuission from Combustion

Engines and Their Control. Michigan: Ann Arbor Sceince

Publishers, Ince.

Stinson, W. Karl. (ed). 1969. Diesel Engineering Handbook.

11th ed. Stanfort: Conn. Diesel Publications.
Taylor, C. Fayette. 1968 The Internal Combustion Engine in

Theory and Practice. vol. 2. The M.I.T., Press.




T T T T R TR A T I T T N AT, TR TTAR N ST A TOU T Te  eE ' R ™ T | e n. |
¥ . =l ; i .

| &
Table of experlm pecimen calculations
AWIAINTAUNIINY1A

CHULALONGKORN UNIVERSITY

W R X e e it - Sy i e BRL clbtati bl pis ik a



g < 4
Table A-1 Experimental results from Kubota KND-3 engine:
Cooling water temperature 212°F, atmospheric pressure 14,696 psi.
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1200 | 1 | 90 | 290 | 2.40| - | - |.37267|.00527| - |:00527-f 1.9% |®.387 {15.38 | 16.90 | - - - | - | 2.00]0.55
e # 4 g
2: ) .90--{-311 - - 00554 . - w;9958( jz_d9‘~ 0.419. | 16.61 | 17.37 - - - - 2.00] 0,40
3 ] 90 | 392 - - .00838) - “T.0 38/,/4.56 0,912 36.19 | 25.30 - - .01 [0.040| 3.30] 1.20
4 | 90 | 464 - = .01064) - & {9}664,jfb;2§3; 1.2500 49458 | 27.00 = % .01" [b.085 | 4.40] 2.30
/ / ) /
5:1 90 | 572 - = 01364 - JZ01364 | },75( 1.550°[\G1.47 | 26.12 - - .02 |0.130 | 5.25( 4.20
i 6 | 89 743 | 2.40| - - .37267 | .01948| - S1948/ Qa5 N1.900. 15,35 | 22.42 - - 03 1.020 | 6.10] 6.10
v I A T ) Ll R - |.36833] .02207| - 4.02207| §0500=7] 20000 | 79.32 | 20.83 - = 03 |1.400 | 6.20]6.70
8 | 8 | 271 | 2.35| 8 | 12 |.37269 | .00301|.00530 |M0881 [\2W80% [0 400 [\n5.86 | 10.11 | 63.78 | 1.42 | .10 [0.290 | 1.90] 0.00 |Nozz1: No. 10
9 | 86 | 338 |.2.35] 86 .37269 | .00393 .009 284400405800\ || 31.73 | 18.36 | 57.42 .07 10.330 | 2.55| 0.%0
; 10 | 88 | 428 | 2.37| 88 .37307 | .00617 011474670041, 47.59 | 22.51 | 46.21 05 }0.955 [ 3.35) 2.10
11 88 518 2.37| 88 .37270 | .00870 ~. |~01400™ .00, 600 63946 | 24.87 | 37.86 035 [0.330 | 4.30( 3.10
12 | 88 | 644 | 2.37| 89 | 12 |.37270| .01233|.00530:HS0L763-{10-00—f2-000—79532 | 24.96 | 30.06 | 1.42 | .02 [0.350 | 5.50( 4.20
| 13 | 87 | 270¢ | 2.35| 88 | 15 || .37207 | .00244 .0059“}ﬂ§D983Q~~>2.19 _gigjzzfjaﬁfss 10.91 | 70.74° 1.58 | .10 |0.240 | 1.73] 0.10
{ 14 | 88 | 336 | 2.35 .37207 | .00348 .00938 | 4.00 [0.800 [ '31.73 | 17.93 | 62.90 | 1.58 | .08 [0.255 | 2.30] 0.40
: 15 | 87 | 400 | 2.30 .36808 | .00505 £01095<| (5,879 1:175 || 464607 | 22.84 | 53.88 | 1.60 | .05 |0.305 | 2.80] 2.10
; 16 | 88 | 468 | 2.35 y .37207 | .00734 .01324 | 7.12 |1.425 | 56.52 | 23.21 | 44.56 | 1.58 | .05 [0.305| 3.50]| 3.00
} 17 | 8 | 626 | 2.28| 88 | 15 |.36633| .01089/500590.1.01679{10.00 | 2.000 | 79.32 | 26.03 | 35.14 | 1.61 | .04 |0.220 | 4.95[ 4.30
| 18 | 90 | 280 | 2.45| 90 | 20 |.37678 | .00080|.00688 {.00768 | 2.12 |0.425 | 16.86 | 11.23 | 89.58 | 1.83 | .10 |0.485 | 1.60| 0.70 |Engine, knock
19 | 90 | 338 | 2.40 .37245 | .00253 .00941 | 3.87 |0.775 | 30.74 | 17.08 | 73.11 | 1.85 | .09 [0.460 | 2.60] 0.0 | "
| 20 | 89 | 444 | 2.40 .37265 | .00561 .01249 | 6.75 |1.350 | 53.54 | 22.97°| 55.08 | 1.85 || .06 |[n.510, 3,25| 1.50 | * "
21 | 89 | 500 | 2.40 l .37302 | .00693 .01381 | -8.125 | 1.625 | 64.45 ¢ 25.19 | 49.82 | 1.85 | .06 |[6.410 | 4.20] 2.a5 | * "
| l
| 220 | 89~ |.572:] 2.35 .37049 | .00916 .01604 | 9.50 |1.900 | 75.36 | 25.60 | 42.89 | 1.84 | .045 [0.330 | 4.85| 3.70 | *® "
23 - |87 | 644" | 2.31 20. |.36906 | .00937].00688 |.01685 |10.00 |[2.000 | 79.32 | 25.73 | 40.83 | 1.86 | .03 Jo0.270 | 5.25] 3.70 [ " "
24 | 88 | 662 | 2.35 10 |.37110 | .01310[.00492 |.01802 24.52 | 27,30 1.33 | .035 |0.430 | '5.65] 4.30
l 25 -1 88 1635 | 2.35 13 |.37110 | .01151|.00551 |.01702 25.77¢| 32.37 | 1.48 | .03 [0.360 | 5.40] 4.00
26 | 89 | 626 | 2.35 16 |.37049 | .01089|.00610 |.01699 25.69 | 35.90 | 1.65 | .025 [0.330 | 5.20] 3.90
1200 27 89 600 2.35 20 .37049 | .00980(.00688 |.01668 25.97 || 41,25 | 1.86 ) 0,305 | 5,20 3.,/0 [Engine knock
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Table A~1 continued.
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1200 28 | 89 585 |2.30 90 24 1.37049 [.00911 |.00770 |+016817 10.00 |=2:00—1779.32 | 25.61 | 45.81| 2.08 | .035 [0.305| 5.10( 3.20 |Engine knock
1200 29 89 | 582 |2.40 90 28 [.37049 |.00842 |.00850 101692 410.00 |-2.00. | 79.32 | 25.29 | 50.24 | 2.29 040 [0.330 | 4.80| 3.10 [Serious knock
1200 | 30 | 86 | 347 |2.40 | - - [.37269 |.00688 - AW'“a.zs 0,65 | 24.79 | 21.72 - - - |0.070 | 2.60| 1.00 :
B / / “« o {
1400 31 84 282 | 3.50 - - |.45136 {.00625 - _4.006253 | .40 13.39 | 14.48 - - - 10.010 | 1.89| 0.50 ‘
32 84 361 |3.48 | - - |.44845 |.00893 - ¢ 0,86 29,25 | 22.15 - - - {0.020 | 2.401 1.00 ,
33 84 446 ['3.38 | - - |.44408 [.01156 - 71.01186 As.\é{zf 1.312 |"44.62 | 26.10 - - .010 [0.040 | 3.40] 1.80 ;
34 85 532 | 3:40 | - - [.44554 |.01447 - A.0W47 | 7525 | 13692 | 57.51 | 26.87 - - .010 [0.040 | 4.10| 2.40 ’
35 | 85 | 665 |3.35 | - - [.44190 |.01847 - |08 ] sz f12fo71 fz0.40 | 25.77 - - |.020 |0.110 | 4.95]4.10 !
36 87 775 | 3.23 | - - |.43228 |.02229 - .02229 110.00- 424333 || 79.32 | 24.06 - - .030 [0.620 | 5.90| 5.60 ) »
37 | 89 288 {3.35 | 90 12 43808 [.00369 |.00530 |.00899|=2elleet=04%470 | 15.86 | 11.05 | 58.95 | 1.21 |.090 [0.250 | 1.80] 0.50 |Nozzl: No.30 |
38 89 356 | 3.37 .43952 [.00583 . |.0PTE3 14000050, 930 31973 | 17.94 | 47.62 | 1.21 |.070 [0.230 | 2.30| 0.65 A \
39 88 446 | 3.37 .44000 [,00861 NCEOTS9E 6 42948258 | 22.35 | 38.10 | 1.20 | .050 |0.230 | 3.10] 1.20 | |
40 88 | 554 {3.35 .43880 |.01184 Hiﬁ% 8o _L.%/{is-fas 24.31 | 30.92 |"1.21 | .035 |0.230 | 4.00( 2.40 ! i
41 88 662 |3.38 .44170 {.01410 WWo2010 79775 [ 2.275 ["99.34 | 25.04 | 26.37 | 1.20 | .025 |0.220 | 5.20] 3.¢0 i
42 89 671 |3.32 90 12 |.43518 [.01503 |.00530-|.02033f 10.00,.2:333 f; 7932, | 25.36 | 26.07 | 1.22 | .020 [0.240 | 5.40| 4.00 f |
43 84 290 |3.35 88 15 44190 |.00383 |.00585 [.00968 | 2.25 |0.525 | 17.85 | 11.04 | 60.43 | 1.33 |.130 [0.170 | 1.72] 0.30 ‘ |
A 84 336 |3.35 .44190 |.00495 ' /]l lo1o80{ (325001 0.817%| [27.76 | \16.09 | 54.17| 1.32 |,.080 [0.210 | 2.20| 0.50 i
45 83 420 |3.30 , .43862 |.00723 .01308 |.5.62 | 1.312 | 44,62 | .21.63 | 44.72 | 1.33 [.070 [0.255| 2.55| 1.20 l
46 83 515 .} 3,32 .43971 |.01006 .01591 | 7.62 | 1.779 | 60.48 | 24.37 | 36.77 | 1.33 | .040 |0.255 | 3.65| 1.90 }
47 86 580 |3.30 38 15 |.43826 |.01487 [.00585 [.02072 |10.12 | 2.362 | 80.31 | 25.16 | 28.23 [ 1.33 | .030 {0.320 | 5.00| 4.10 - i
48 81 | 300 |3.50 81 20 43518 1.00338 |.00695 |.01033 | 2.69 |0.627 | 21.32 | 12.69 | 67.28 | 1.53 | .100 [0.330 | 1.85| 0.40 !
49 82 331 |3.35 L 46469 1.00336 .01031 | 3.50 [0.817 | 27.76 | 16.55 | 67.41 | 1.56 | .090 |0.320 | 2.10] 0.40
50 81 395 | 3.40 L44731 100561 .01256 | 5.31 | 1.240 | 42.14 | 20.97 | 55.33| 1.55 | .070 |0.380 | 2.95| 1.if
51 82 419 |3.35 .44390 |.00612 .01307 | 5.87 | 1.371 | 46.60 | 22.42 | 53.17 | 1.56 | .060 |0.420 | 2.00! 1.
52 82 455 |3.38 L 44609 [.00738 .01433 | 7.06 | 1.648 | 56.02 | 24.66 | 48.50 | 1,56 | .050 |0.450 | 3.55] 1 ;
53 | 82 527 ]8435 L 44469 [.00914 .01609 | 8.12 | 1.896 | 64.45 | 25.46 [ 43.19 | 1.56 | .040 |0.355| 4.30/ 2 5 l
1400 54 82 617 | 3.40 81 20 | 44609 [.01210 |.00695 |.01905 |10.00 | 2.333 | 79.32 | 26.00 | 36.48 | 1.56 | ,030 |0.255| s5.20| 2 {Nozz-.e No.30
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Table A-1 continued.
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14001 55 1 80 | 734 | 3.35| - - | .44572].02048 | - - |.02048-9.75 Eg;géf/ 77.35. 7 2553 - - - |0.240 | 6.40| 4.70 | Nozzle No.30
] : i
T 56 | 81 | 671 82 12 | .44562(.01427 |.00535 [<01962-| 9 Sesiio=t 77,34 | 25,62 1 27,27 | 1.20 - [0.320 | 5.70] 3.60 ,
| 57 | 81 | 680 15 | .44511/.01364 .00593‘:z§§§;;; , 125925 [77.34 | 25.57 | 30.30 | 1.33 |.005 [0.280 | 5.60 3.60
; 58 | 81 | 630 20 | .44511].01212 .00695“/;9}4/// i 2.212.[°75.36 | 25.35 | 36.44 | 1.56 |.010 [0.305 | 5.20|3.30
i 59 | 82 | 600 25 | .44451(.01167 |.007924.0 / 2.217. |95.36 | 24.88 | 40,47 | 1.78 |.020 [0.340 | 5.05| 3.00 | Engine knock
¥ 60 | 82 | 575 30 | .44408 |.01040 |.00894 2,275 |\77.34 | 24,65 | 46.22 | 2.01 | .,025 |0.390 | 4.80] 2.85 i "
i 'y 3 ~ -
1400 | “61 | 82 | 552 |-3,35] 82 34 | .44390 |.00955 |.00974 {2,217 \\75.36 | 24.57 | 50.49 | 2.19 | .030 [0.440 | 4.80 [ 2.50 | Serious knock
1800 | 62 | 8 | 314 | 6.05| - - |.58239.00872 - A 0.412 [710.91 | 11.46 - - - |[0.020 | 1.85]0.25
2 %) et s Q)
: 63 | 88 | 325 | 6.05| - | - |.s75280.00739 | - |s00739 | 187 | d.562 4\14.87 | 17.50¢| - = - [0.020 | 1.95]0.10
; 64 | 88 | 419 | 6.00| - - |.57312.01197 - .0Y197s B76edels 125 | 29.75 | 21.60 - - - [0.020 | 2.90] 0.40
; 65 | 89 | 518 | 5.85) .= - | .56592.01576 - |.0157bmebebtiy 725 | 45.61 | 25.16 - - .010 [0.025 | 3.95| 1.00
; 66 | 92 | 600 | 5.80| - - | .56376(.01853 ® | <OY853-4 47,00~} 2: 700 55452 | 26.05 - - .010 |0.050 | 4.55| 1.50
3 67 | 907 | 622 | 5.80| -~ - .56376 [.01962 N L 2325 =047 | 27.24 -7 - .035 [0.050 | 4.90 1.90
| 68 | 86 | 700 | 5.83 - - | .57030.02285 —‘?Iﬁ. 285 sl &ﬁ§{39 2716 - - .040 10,085 | 5.40 2.55
‘ 69 | 8 | 797 | 5.80| - - | .56885 |.02645 - % 02645 3.000 | 75.32 | 26.61 - - .070 10.220 | 6.40 | 4.25
70 | 88 | 313 | 5.90 | 88 12 |.57204 |.00503 |.00530|=01033|~1475 1 05250 -13.88 | 10.86 | 51.34 | 0.89 | .060 [{0.205 | 1.80]0.00 |Nozzle N0.30
71 | 8 | 320 | 5.90 .56909 |.00506 .01036 | 2.00 |0.600 | 15.86 | 12.37 | 51.16 | 0,90 | .070 |0.200 | 1.90|0.20
72 | 89 | 370 | 5.86 .56987 [.00685 L0025 1 B2\ | 09987VIEZR SipT IV 16.66 | 43.62 | 0.90 | .050 [0.205 | 2.15|0.10
73 | 89 | 428 | 5.88 .57059 (.00938 .01468 | 4.62 | 1.387 | 36.69 | 20.62 | 36.12 | 0.89 | .030 |0.205 | 2.55]| 0.40
74 | 88 | 544 | 5.90 .57204 |.01430 .01960 | 7.19 |2.156 | 57.01 | 24.31 | 2%04 | 0.89 | .025 [0.220 | 3.80| 1.40
75 |8 | 605 | 5.83 .56697 [.01573 .02103 | 8.00 | 2.400 | 63.46 | 25,29 | 25.20 | 0.90 | .015 [0.255 | 4.50| 1560
76 |88 | 725: | 5.73 56304 [.01971 02501 | 10.00 | 3.000 | 79.32+ 26.67 | 21.14 | 0.90 | .005 |0.200 | 5.20| 2.70
77 | 88 | 305 | 5.80 15 1.56611 [.00608 |.00585 [.01193 | 1.94 | 0.581 | 15.37 | 10.44 | 49.04 | 1.00 | .070 ]0.280 | 1.68| 0.30
78 | 87 | 408 | 5.80 .56791 {.00809 |.005%0 |.01399 | 4.00 |1.200 | 31.73 | 18.63 | 42.17 | 1.00 | .045 10.255 | 2.05| 0.40
79 |8 | 529 | 5.80 .56611 |.01263 .01848 | 6.12 | 1.837 | 48.58 | 21.92- | 31,65 [ 1.00 | .025 [0.240 | 3.00| 0.30
80 |88 |635 | 5.80 .56611 1.01602 .02187 | 8.00 | 2.400 | 63.46 | 24.26 | 26,75 | 1.01 |-.010 [0.230 | 4.00| 1.90
1860 | 81 |88 | 716 | 5.70 .56231 [.01907 .02479 110.00 | 3.000 | 79.32 | 26.68 | 33.63 | 1.02 | .005 10.230 | 5.15( 2.60
L N o S —
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1830 82 36 770 SE75L 9] 12 | 56667 | .02065].00510 {.02575- 3000 | 79.32 | 25.82 | 19.80 | 0.90 |.015 | 0,210{ 6.00 | 3.00 | Nozzle No.3d
83 87 730 5.651 4 15 | .56099 | .01920/,00570 |.02490- f ) 2650 225891402+ 15020 ] 0.,250{ 5.60 | 2.50 T
B4 -| 87 | 221 | 5.7 20 | .56573|.01850|.006¢5 |,025T57)7 26,12 | 26.44 | 1.17 |.030 | 0.270| 5.40 | 2.60 |
85 | 86 | 687 | 5.75 25 | 56667 | .01649|,00764 {926;5,/ 27.00 | 31.66 | 1.35 |.030 | 0.295| 5.25| 2.70 j
/ 86 | 8 | 680 | 5.65 30 | .56231| .01553{.00860°1.024 )3/ /Lt - 26.34 | 35.64 | 1.53 |.030 | 0.305| 5.15 | 2.50 |Engine knock |
/ el A ; |
180 | 87 86 | 630 | 5.70| 91 15 | .56449 | .01261{.01160 .o;ézn, 10,00 |,3.000 |'79.32 | 26,59 | 47.91 | 2.06 |.030 [ 0.280] 5.00 f2.10 |Nozzle No.70
£ / 1 4 5 i 1
2000 | 88 | 89 305 7.30 | - - .62727 | .00708| - 00708 VBB 110,292 |\ 6.24 | 2.47 - - .010 | 0.020[ 2.00 | 0.00 :
i 89 90 | 374 7.23| - - .62511 | .00988| - “1.00988. 2.25;99}750 14854, 1745 - - .010 | 0.030{ 2.40 | 0.15
| 90 | 90 | 491 7s1514 = - .62186 | L01488| -  [£01488 4250 [/1.500 [!35.69 | 23.17 - - .020 | 0.030[ 3.90 | 0.60
91 | 90 | 651 7.15| - - .62186 | .02091] =~ 02091 | 6.8 12271 | 54,04 | 24.96 - - .020 | 0.030 5.05] 1.55 |
; 92 | 90 | 721 T L0 = = .62006 | .02397| - .02397 1 181667’§£§67 63.46 | 25,57 - - .030 | 0.040| 5.70| 2.20
i 93 | 91 932 | 6.97| - - 61501 | .02943| =~ 1029431 “10700°3.333 {79032 | 26.03 - - .045 | 0.320| 7.00| 4.70
i 94 89 356 7.25] 92 12 | .62719 | .00632[.00530 |- 01162 2,00 0:670{ 15,86 | 12,36 | 45.61 | 0.85 | .070 | 0,280/ 1.95| 0 Nozzle No.30 |
| 95 89 | 419 7.:33 .62976 | .00917(.00530,.0%447 |  3.69 | 1,2291(29.25 | 18.52 | 36.63 [ 0.84 | .050 | 0.270| 2.35| 0.40 |
| ; 96 89 563 7.10 .62169 | 01467 .01997 6.25|2.083 | 49.58 | 23.07 | 26,54 | 0.85 | .030 | 0.280] 3.50| 0.80 1
| 97 | 88 | 662 7.05 .61949 | 01856 ,02386 8,007 2.667 2| 63,46 | 24.99 | 22,21 | 0.86 | .020 | 0.280| 4.40| 1.40 1
| 98 | 88 | 806 7.00] 92 12 | .61893 | .02458/,00530 |.02988 | 10.00 | 3.333 | 79.32 | 24.96 | 17.74 | 0.86 | .010 | 0.280| 5.30| 3.10 5
| 1
! 99 88 347 7.05| 91 15 |.62038 | ,00723|:00590 |.013137} . 2.00 | 0.667 | 15.86 | 10.95 | 44.93 | 0.95 | .070 | 0.210] 1.75| 0.10 }
| 100 88 | 433 7.5 .62400 | ,01088 .01678 | 4.00]1.333 | 31.73 | 17.36 | 35.16 | 0.05 | .050 | 0,195 2.25| 0.40 ;
101 88 509 7.08 .62183 | .01368 .01958 5.37|1.792 | 42.63 | 20.13 | 30.13| 0.95 | .030 | 0.2100 3.20| 0.50 '
102 | 88 657 7.05 .62038 | 01861 .02451 8,00 | 2.667 | 63.46°| 24.15 | 24.07 | 0,95 | .015 | 0.220] 4.25| 1.20
' 103 | 88 793 | 6.92| 91 15 | .61531 ] .02300{.,00590 {.02890 9,94 3.312 | 78.83 | 25.57 | 20.41| 0.96 | .015 | 0.280 5.00| 2.90 :
! 104 | 91 302 7.20| 91 15 |.62352 | .00320|.01145 |.01465 1.18 | 0.604 | 14.38 | 8.49 | 78,16 | 1.84 | .130 | 0.470] 1.70| O Nozzle No, 70
| 105 91 410 | 7.15 .62136 | .00624 .01769 4,62 | 1.542 | 36.69 | 18,29 | 64.72 | 1.84 | .080 | 0.490] 2.40| 0.25
| 106 | 91 482 | 7.10 .61920 | .00879 .02024 6.06 | 2.021 | 48.09 | 21.22 | 56.57 | 1.86 | .080 [ 0.545 3.00| 0.50
§ 107 | 91 600 7.05 .61704 | 01254 .02399 8.25] 2.750 | 65.44 | 24.61 | 47,73 | 1.86 | .050 | 0.4200 3.90( 1.10
2000 | 108 | 91 716 | 6.98| 91 15 |.61488| .01651|.01145 |.02796 | 10.00 | 3.333 | 79.32 | 25.81 | 40.95| 1.86 | .030 | 0.330, 4.80| 2.50
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2000 | 109 | 90 302 |7.30 | 90 25 1.62797 | .00149 | .01550 0 | 0.500. 19490 | 5.96 | 91.23 | 2.49 | .300 [1.,180 | 1.60 | 0 Nozzle No.70
110 "88 356 7.40 .63359 | .,00298 A 0.833 ] 19.83 9.22 83.87 2,45 .200 {0.850 | 1.80 0.10 |Engine knock
111 88 399 7.40 .63359 | .00392 35.69 15,82 79.89 2.46 .100 10,700 | 2.50 0,20 " "
112 | 88 469 [7.30 .62997 | .00496 A 50357 | 21.39 | 75.84 | 2.47 | .060 "|0.690 | 2.95 | 0.40 | L
| 1i3 88 540 7.20 »62635 | 00713 4 62.47 24421 68,49 2.47 .080 |0.480 | 3.50 0.60 i A
| 1i4 | 88 637 |7.20 | 90 25 |.62600 |,01150 | ,01550 9.8 .78.33 | 25,83 | 57.41 | 2.48 | .085 |0.410 | 4.50 | 1.40 | " o
| / ARVAY : ;
| 115 | 86 869 1-7.30 - - 1.63350 |.02931 - |-0293L g‘,-oq:; 79.32 | 26,14 - - .040 10,220 | 6.50 |'4.30
i D, 50§ | y Y
116 | 86 842 |7.05 | 90 12 |.62364 |.02419 | ,00530 |.029490F 4 ==y 25,21 | 17.97 | 0.85 | .005 [0.240|5.90 | 3.30 [No:zle N».30
117 86 788 " | 7.10 15 .62522 | .02320 | ,00590 | .029F07 LN ANt o= | 25,56 20427 0.94 +010. [0.205 | 5,70 40
118 | 86 780 |7.10 20 |.62479 |.02218 | ,00688 102996= >o0) | 25,47 | 23.67 | 1.10 | .030 [0.220|5.75 | 2.50
119 86 770 705 2 62364 |,02 ¢ 2941 Py 25,05 26.79 126 #030 | 0.255 | 5.70 70
5 153 .oom&ﬁu\ A m | )
120 86 738 7.28 15 .63205 |.01730 .OIISJ‘ .02880 - 25,11 39.93 1.82 .030 [0.350 | 5.70 .30 |Noz:le N«,70
121 86 | 662 [7.00 18  |.62218 |.01491 | ,01270..02761 25.98 | 45.99 | 2.04 | .060 {0,295 |5.30 | 7.10 |Engine kiock
122 | 86 680 |7.20 20 |.62842 |.01414 | ,01345 |.02759 25,90 | 48.75 | 2.14 | .070 |0.360 | 5.50 10 : it
2000 123 86 653 7.20 90 25 .62842 }.01150 | ,01550 [.0270071 110,00/ | 3.333 7| 79.32 26,15 57.41 2.48 .090 {0,320 | 5.50 1.40 ! !
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Table A~2 Experimental results from Petter AV-2 engine: K

Cooling water temperature 160°F, atmospheric pressure 14.696 psi.
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550 1 89 | 432 |4.05 | - | - |1.8977 |.03048 | - |.03048 L 6,34 | S.172416.06 | 14.31 - - .005 | .030 |2.85 |0
535 | 2 | B0 460 | 3.97 | - - 11.8736 | .03864 | - |.0386 %;‘bd 3.377.[25:82 | 20.09 | - - |.005 | .030|3.10 [0,
1515 3 9 1 560 | 3.75. ] = - 11.8213 |.04967 | -  |.04967 )18.50) | 5.605 | 43.42 | 25.94 - - .005 | .030 | 3.60 | 0.20
1500 | 4 | 94 | 690 |3.60 | - - |1.7746 | 06197 | - .00 /25-;“'31’?37.-594 59.41 | 28.17 | - - ].020 [ .040 |4.50 | 1.70
1500 | 5 94 | 780 | 3.46 | = - |1.73801.07099 | - JZ07099/| /295767 8.925 | 69+82 | 28.90 - - .025 | .110 | 5.05 | 2.80
!  REAa
1500 | 6 g7, 1111898 HialEsiil = [1.7013/] 08112} = ./oéué 33:37{10.012 | 78.33 | 28.37 - - 025 | .220 | 5.50 | 4.95
1480 7 99 Il 970 1+8.03 | "= - |1.6640 | .08882 | - .ysz/ 364001104656 | 84.49 | 27,58 - - .030 | .580 | 5.80 | 5.50
/ SO \
1550 | 8 94 | 455 | 4.00 | 92 | 30 |1.8706|.02446 | .01752|,04198 | V626974 2,073 | 15.70 | 10.69 | 41.73 | .937 |.065 | .220 | 2.65 | 0 Nozzle No.70
1530 | 9 93 | 482 | 3.90 1.8483 [ .02905 | '} |.04657-20e87 430328 | 25.52 | 15.56 | 37.62 | .948 |.050 | .150 | 2.95 | 0
! S -
| 1520" || 10 93 || 1555 |l: 3:75 1.8107 | .03855 -05607 17 18374 5,586, 43.13 | 21.89 | 31.25 | .968 |.050 | .180 [3.35 |0
| 1500 | 11 93 | 680 | 3.58 1.7632 | 04858 Ohc0s610 | 25.06 | 7,510 | 58/83) | 25.16 | 26.50 | .994 | .050 | .180 | 3.80 | 1.50
| 1500 | 12 96 || 778 || 2.53 1.7499 | ,05644 S1507396 | 29.50 | 8.850 y._f;/ 26,57 | 23.69 | 1.001 | .043 | ,220 [4.95 | 2.40
‘ 1500 | 13 97 | 885 | 3.40 1.7128 | ,06705 _ﬁ%%-}%ﬂf{ B3 | 26.40 | 20.7271,023 |.030 | .200 |5.25 | 3.60
1500 | 14 99 | 950 | 3.30 | 92 | 30 |1.6836 |.07431| .01752|.09165 | 36.25 |10.875 | 85.08 | 26.52 | 19.12 |1.041 |.025 | .280 |5.55 | 4.75
| 1500 | -15 95 | 498 | 4.10 | 94 130,30 | 1.8759 | .01856 | .03825| .05675| * 7.62 | 2,394 |“17.90{ 8.82 | 67.40 | 2,039 |.100 | .220 |2.60 | 0 Nozzle Mo.
1550 | 16 g6/ | 535 [ 4.90 1.8421 | ,02174 205999 {..11,00 | 3454 1.25.82.[.12.09 | 63.67 [2,067 |.100 | .270 | 2.90 | 0 70 &45,
¢ : :
1550 | 17 96 | 595 | 3.80 1.8156 | .02659 .06484 | 16,25 5,037 | 38.14 | 16.42 | 58,99 |2.107 | .100 | .270 [ 3.30 | O
1535 | 18 98 | 660 | 3.75 1.7960 | 03154 06979 | 21.00 | 6.447 | 49.29 | 19.64 | 54.80 |2.130 | .080 | .380 |3.60 | 0.60
1560 | 19 | 100 | 770 | 3.60 1.7540 | 04139 .07964 | 28,50 | 8.550 [ 66,90 | 23,04 | 48.02 [2.181 | .050 | .305 |4.25 | 2.10
480 | 20 99 | 860 | 3.48 1.7272 | .04801 .086261 33.00| 9,768 | 77.45 | 24.42 | 44.34 | 2.214 | .050 | .330 |4.85 | 3.00 '
1500 | 21 99 | 915 ) 3.48 | 94 130,30 | 1.7272 | ,05374 | .03825| .09199| 36.00 10,800 | 84.49 | 25.42 | 41,58 [ 2.210 | .045 | .380 | 5.20 | 4.5
1480 | 22 99 | 948 3.38| - - |1.7123] .08507| - .08507| 33.25| 9.975| 78.04 | 26.95 | - - 025 | ,280 [5.45 | 5.45
1500 | 23 99 | 915 | 3.45 | 93 | 15 [1.7210] .07942] .00590{ .08532 26.60 | 6,910,343 | .015 | ,230 |5.20 | 4.80 [Nozzle No.30
1500 } ‘24 | 101 | 910 | 3.30 [ 92 | 25 [1.6983 .07650| .00785| .08435 26.81 | 9.31]0.462 |-,015 | .240 |5.15 | 5.00
1500 | 25 97 | 895 | 3.40| 90 | 15 [1.7135(.07371| .01140| .08511 26.41-| 13,39 10.668 | .030 | .240 |5.15 | 4.50 [Nozzle No.70
1500 | 26 95 | 875 | 3,40 f 90 | 20 [1.7200] .07003| .01348| .08351 26.81 | 16.14 10,784 |-,025 | .200 |5.35 | 3.90 l
1500 | 27 97 | 863 3.40 | 90 [ 25 |1.7135| ,06695| .01550 .oszasj 33.25 | 9.975| 78.04 | 27.06 | 18.80 [ 0.905 | ,025 | .480 [5.25 | 3.70 i
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Table A-2 continued.
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Semple of calculation
For Kubota KND 3 engine; BorexStroke = 2.68x2.95 in.

Available dats

Heating value of dlesel oll, qp 184ks5 - Btu/lby,

21180  Btu/lb,

Heating value of gas, Uy

Engine speed, XN = 2000 rpm.
Engine brake load, W = 10.0 1byr
Mr pressure = 14,691 1b./in®
Air temperature | = 88 °F

7.00 in.H,0

i

Orifice diffeféntial pressure

Dlesel oll constmption, m, .02458  1b,/min.

Gas pressure : - 38 lbf/in2

o

Gas tempefature 91 F

Alr flow rate; From @ig;B-Bvat 7.00-An.Ho0 = 8.55 ft3ﬁmin.
Air density at 88°F,14.691 1b,/in?

07239  1by/ft7
.61893  1b,/min.

Alr mass flow rate =-8.55x.o7239

Gas flow rate; BA/T, = 26.7//551 1.137  From Fig.B-U

Gas flow rate,

mg 0.0053 1by/min.

il

Percent gas in air = 0,0053x100

0.896 3%
0.61893

Total fuel consumption = 0.02458+0.0053 = 0.02988 1hb,/min.

Percent gas in total fuel By welght = 0.0053x100 = 17.74 %
; 0.02988



66

Breke horse power = WN/6000 = 10x 2000 = 3.383 hp.
- 6000
Breke mean effective pressure, Bmep = _Bhp x 33000
: LxAxn
" where L = Engine stroke in ft. = 2.95/12 = 0.2458
; 2 ;
A = Piston area in square inches =E£L§ﬁ§§l_'= 5.641
n = Number of power cycle per min., for four-stroke
single cylinder engine'= N/2
BEmep =__ 3333 x 33000
- 0.2458%5,641%1.000
= 79,32  1bg/in?
Brake thermal efficiency' {2 ~ Bhpx 42,4 x 100
nraf+ Moy

3.333 x 42.4 x 100
0.02558x 1845 + 0. 0053x21180

24,96 %
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For Petter AV 2 engine ; Bore x Stroke = 3.13x4.33 in.

Orifice diameter = 0.996 in., Coefficient of discherge = 0.6
Aveilable data : Run No. 30

Engine speed, N = 1500 rpm
Engine brake load, W = 33.25 1bf,

14.691 llbf/inz
98 °F

Air pressure

Alr temperature

15 & 20  1bg/in?

Gas pressure(nozzle n&.?O &45)

Orifice pressurérdifferent, h 3.l in.H,0

0.05639  1b,/min.

Diesel oil comsumptlon; me

Air mass flow rate, L0 2 38,0517 Can/ By 1b,/min.
Mr density,for 98 F and air pressure 14.691 1bs/in

where
Qa

0.07113- 1 1b, /£t
1349517x 0.071133.85 = 1.72186 1by/min.

o * - a

Gas flow rate;

For nozzle no.70, BA/T, =129.7/4/552 = l.264,from Fig.B-b

gas flow rate = 0.011%0 1b /min.
For nozzle no.k5, RA/T, =34.7//552 = 1.447,from Fig.B-L
gas flow rate = 0,01610 1b,/min.

Total gas flow rate, mg = 0.01140+0.01610 =0.02750 1b, /min.

Percent gas in air = 0.02750 100 < g
1.72186 L3597 %

Total fuel consumption = 0.05639+0.02750

0.08389 lbm/min.

Percent gas in total fuel 32.78 %

i
1]

0.02750x100
0.08389




Brake horse power = WN/6000 = _33.25x1500 = 9,975
A 5000
Breke mean effective pressure, Bmep = Bhpx 33000
LXAXNE
vhere I = Engine stroke in ft. = 4.33/12 - 0.3608
A = Piston area in in? =g;(3.13)2 = 7.695
n = Number of power cycle per min., = 1500
. . Bmep . = 9.975x 33000
° X o X

78.04

BhpxL2.4x100

quf+ mgqg

2.975x L2, L x1

Brake thermal efficienﬁy -

68

hp.

lbf/in2

00

RN 05639x18hh51-0 0275x21180

2\ 26,07 %
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B-1 Alr flow measurement by an orifice

Of the many forms of ailrmeter available, it has been
found that the orifice meter ls the most satisfactory because
it is cheap and‘easy to econstruct.

An orifice flow equation, which may be found in many
fluid flow measurement literatures, is derived from the two
principle equations, namely, the continulty and energy
equations. The expression of the flowrate may be obtained

as follow.

) .. 260 (Ps /it 2= P f = 7.) B-1
1= (Do/Dl)lp/ I AT % S

Volume rate of flow.

Flow coefficlent.

where

Ao = Areaof the»orifice.

D, = Dllemeter of the orifice.
D; = Diameter of pipe.

Py = Upstream pressure.

P, = Downstream pressure.

Zy = Upstream elevation.

Z, = Downstream elevation.

§ = sSpecific weight.

8c = Accelerating gravity.

For a given meter the dimensions are known and constant.
Although C varies with the rate of flow, the variation is very

small, the equation (B-1l) for particular meter reduced to
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where KX = constant.
It 1s convenient to express the term (P14y+zl) -
(P2/5+ Zz) ag H.- H orAH, the difference in head. Hence

p L
equation (B-2) becomes

Q = K/AH ‘ e e o(B=3)

It is therefore concluded that the volume flow rate

varies directly as the sguere root of the difference in head.

B-1l.1 Alr flow calibrétion

- The arrangement of the apparatus used for calibrating
the orifice meter wes shown in Fig.B-l. A Parkinson Cowan
Standard gas meter was used for calibration of flow rate
which claims to be-accuratewithin 10 in. water gauge pressure.
The standard gas meter was connected to the orifice which was
fitted to surge tank in order to protect pulsations from the
engine suction,by a flexible pipe. The other side of surge
tank was connected to the suction side of é motor pump
between which a gate valve was fltted for controlling air flow.
The flow rate was measured in cubic foot per minute by
recording the total time required for one or more revolutiong
of the meter pointer with a stopwaich. The differential
pressure between the orifice was also recorded in in.H,0 by a

U=-tube manometer. The orifice was calibratedstep by step from



no flow upto about 9 cubic foot per minute. Correlation
between volume flow rate and the differential pressure are

presented graphically in Fig.B-3.
B-2 Gas flow measurements by & choked nozzle

In this investigation & choked nozzle was used because
of 1ts advantage of belng independent of downstream pressure
disturbances once choking 1s effected. In addition it is
sultable for operation réquiring very small amount of gas.

The derivatioﬁ 6f the critical flow equation based on
the inlet stagnation state mey be found in most thérmodynamics
and fluid mechanicsteitbooks. By using the continuity, energy
and state equations for an isentropic steady flow expansion
of an 1dea1‘gas with a negligible approach velocity when
flowing through a nozzle of the right geometry, the following
expression is obtaingd,

- (=)

where m = Mass flow rate through nozzle, 1by/min.

§
)% i -(?11)( 2 (B-%)
P0 ¢

Hd
o
1

Absolute upstream pressure.

Pl = Absolute throat static pressure of the nozzle.

=3
it

Absolute upstream temperature.

-

8 = Ratio of specific heats, Cp/Crpe

R = TUniversal gas constant.

A = Cross sectional area of the throat.

M = Molecular weight of the gas metered.
e = Acceleration due to gravity.
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For critical flow conditions, i.e. sonic condition at

the throat, the followlng condition is required:-

L]
® = (-2 |3+1 coe(B-5)
14¥o (5~F1) - |
For choked conditions, substituting Pl/Po into eq.(B-4)

the mass discharge rate can be expresged as

37
; - 2P0 [ 2gMy | _EL_(ﬁ’l eeo(B=6)
2 WRT N (¥ +1) (?Hl) :

For a real flow a coefficlent of discharge, C, is

introduced into eq. (B=6) will be written as

8 Oabg [PEN | ( Al eee(B=7)
JRT N (3+1)  \8+1)

oo 5 0= [E 2]

{51)

eq. (B=7) becomes .

T s
: A a(%) ..{B-8)

The coefficlent of discharge is normally expected to
be mainly dependent on the particular meter being used and
the Reynold number of the flow. For a particular gas and
nozzle, equation (B—8) will reduced to the following form

when choked conditions are maintained:

(B-9)

n = K__?iQ
\EN

From equation (B-9), it is evident that the mass flow

rate is independent of the dowvmsitream pressure and varies



74
directly as the upstream conditions. This is Based'on'the
assunption that the pressure ratio is always greater than the
eritical pressure ratio,equation (B-6), and there is no change

in gas properties.
B-2.1 Gas flow calibration

The schematic diagram arrangement of the spparatus used
for calibrating the nozzle were shown in Fig.B-2. The nozzles
used in this calibration were Fissan M3 no. 70 and Zenlth no.
L5 carburettor jets and no. 30 which was made in the same
appeafance as Zenith no. 45's. These jets may be considered as
convergentor convergent»paréllel nozzles.

The commercial butane gas supplied in high pressure
cylinders was used in the‘calibration test (and was burnt out
after passing the standard gas meter). A regulating valve was
fitted to the cyliﬁdér'for édjusting the upstream gas pressure
upto 50 1bf/in2gauge. The coarse and fine needle valves were
fitted to the pipe line for controlling the flow of gas to

- the nozzle. Upstream gas pressure and temperature were measured

by a Bourdon tube pressure gauge and a mercury thermometer
dipped into the gas circuit recorded the temperature. The
downstream pressure and temperature were measured by a red oil
manometer (specific welght 0.827)'and a mercury thermometer.

The gas was passed through a stendard Parkinson Cowan gas

meter mentioned previously. The flow rate was measured in 1itre

per minute by recording the total time required for one or

A i



more revolutions of the handle of the meter, The gas flow
rate was converted to pound per minute and plotted agalnst

the upstream F, /[T, ratio as shown in Fig. B-b,

75




76

Standard Surge tanks

gas metér
Ajir inl

Lo

|

: Pump
Orifice

r\
= | e? B

Fig.B-1 The Assembly of Apparatus for Calibrating
Orifice Meter. ,

Pressure/ gauge ~———Pressure manometer

Thermometer Thermometer
Control valves , ‘ § >
o BT ; s =y S,
Choked ﬁozzle
Pressure Regulator | Standard gas

meter

~———Gas supply cylinder

Fig.B-2 Schematic lay out of Apparatus for Calibrating
Choked Nozzle Flow Meter.
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