2.6 CYLINDER HEAD AND PORTING: The hemispherical combustion chamber with wide angle valves is typical of engines of this era. Changes to the cylinder head porting in an attempt to improve engine performance were subject to a number of experiments.

        To gain any basic ‘ground rules’ reference was made to other high performance engines of the era. These were all ‘two valve’ engines i.e. a single inlet and exhaust valve. Inlet and exhaust port size dimensions were tabulated for the AJS 7R, BSA Gold Star, Matchless G50, Aermacchi, and Coventry Climax engines, all engines considered to be ‘state of the art’ during their period. Quite a lot of information was found on the AJS 7R engine (4) (5), BSA Gold Star (6) and the development of the Coventry Climax engines (7). Reference was also made to a ‘Mean Inlet Mach Index’ number (8). The diagrams and graphs (Fig 2.5.1 and 2.5.2) show the comparisons of the various parameters relating to gas flow in the inlet port. As can be seen in order to obtain numbers approaching those of the AJS 7R engine an increase in inlet valve size was required. It has been shown that volumetric efficiency (8) falls off rapidly when ‘Z’ exceeding a value of 0.5 approaches 0.6. 

                                            Z=(B/dsi)^2*2*Ne/Cav/ao

Where:

B

=engine bore diameter (mm) 

dsi
=valve seat throat diameter (mm)

S
= engine stroke (m)

Ne
=engine rotational speed  (rev./s)

Cav
= coefficient of discharge of seat throat (0.32)

ao
= velocity of sound in port (344 m/s)

    Using BSA B50 valves the inlet valve could be increased from 40.6mm to 43.7mm diameter and the exhaust valve from 35.8mm to 38.8mm diameter. These were the largest valves which could be accommodated in the combustion chamber without shrouding by the cylinder bore or the risk of the inlet and exhaust valves clashing during the valve overlap period. It is necessary to shorten the BSA B50 valves to BSA A65 dimensions, re-machine the collet grooves and attach a hardened tip to the end of the stem. 

        A figure for the flow coefficient of the port/valve combination of Cav=0.32 (4) was used consistently in the calculations of ‘Inlet Mach Index’ number for comparative purposes. This figure would change of course with different port/valve size variations but since its order change would be small the effect on ‘Z’ would also be small and not significant to the general trend. As can be seen from the diagram, if the engine speed at maximum engine torque condition is chosen, there is a correlation with the ‘Z’ index and maximum volumetric efficiency with five of the engines used for the comparison. However, two engines, did not fit the ‘Z’ criteria namely the Coventry Climax FPF and the Aermacchi engines, both successful engines. Increasing the inlet valve size on the 854 cc. SDD engine did meet the criteria and was therefore adopted.

Comparing ratios of inlet valve seat diameter to engine bore (dsi/B), showed a similar trend, the Aermacchi and the two Coventy Climax engines showing lower numbers than the AJS 7R, BSA Gold Star and the Matchless G50 engines. Perhaps the use of smaller inlet ports and valves, by increasing the gas flow velocities, increases the inertia of the intake gases thereby improving the cylinder filling and volumetric efficiency. 

Using the 43.7mm diameter inlet valve on the 750cc engine would have been an interesting experiment.

	Engine
	dsi/B

	750 BSA  Std. Valve
	0.492

	854 BSA   Std. Valve
	0.461

	854 BSA   Big Valve
	0.497

	750 BSA   Big Valve
	0.530

	AJS 7R
	0.552

	Matchless  G50
	0.513

	344 Aermacchi
	0.469

	Coventry Climax  FPF
	0.453

	Coventry Climax FWMV
	0.440

	350 BSA Gold Star
	0.537
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G50

344 

Aermacchi

350 BSA 

Gold Star

250 Mk3 

Ducati

Coventy 

Climax 

FPF

Coventy 

Climax 

FWMV

1965 

BRM F2

Bore(mm)=

75.0

75.0

80.0

80.0

75.5

90.0

74.0

71.0

74.0

81.28

72.39

71.8

Stroke(mm)=

85.0

85.0

85.0

85.0

78.0

78.0

80.0

88.0

57.8

71.8

45.47

61.6

Vs/cyl(cc)=

375.52

375.52

427.26

427.26

349.20

496.21

344.07

348.41

248.59

372.55

187.14

249.41

S/B=

1.133

1.133

1.063

1.063

1.033

0.867

1.081

1.239

0.781

0.883

0.628

0.858

dpi(mm)=

34.00

34.00

34.00

34.12

38.00

30.50

35.00

30.00

30.48

26.00

28.58

dsti(mm)=

7.92

7.92

7.92

7.92

7.92

7.92

6.48

7.87

6.00

6.35

4.70

6.35

dvi(mm)=

40.60

43.70

40.60

43.70

44.45

50.80

38.50

40.64

40.00

44.45

35.00

43.58

dsi(mm)=

36.91

39.73

36.91

39.73

40.41

46.18

35.00

36.95

36.36

40.41

31.82

39.62

hi(mm)=

8.28

10.66

10.66

10.66

11.80

11.80

10.80

11.23

8.00

9.14

Cimp=

0.00

0.76

0.89

0.76

0.74

0.70

0.79

0.94

0.70

0.58

0.68

0.53

dsi/Bore

0.492

0.530

0.461

0.497

0.535

0.513

0.473

0.520

0.491

0.497

0.440

0.552

Ne(max torque)=

5500

5500

5500

5500

6800

6000

7000

6000

6500

8750

Ne(max power)=

6800

6800

6800

6800

7800

7000

8000

7500

9500

7500

9750

9750

Engine Speed 

(r.p.m.)

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

Mach 

Index 'Z'

4000

0.43

0.37

0.42

0.49

0.33

0.36

0.43

0.39

0.29

0.35

0.29

0.25

5000

0.53

0.46

0.52

0.61

0.41

0.45

0.54

0.49

0.36

0.44

0.36

0.31

6000

0.64

0.55

0.63

0.73

0.50

0.54

0.65

0.59

0.44

0.53

0.43

0.37

7000

0.75

0.64

0.73

0.85

0.58

0.63

0.76

0.69

0.51

0.62

0.50

0.43

8000

0.85

0.74

0.84

0.97

0.66

0.72

0.87

0.79

0.58

0.71

0.57

0.49

9000

0.96

0.83

0.94

1.09

0.74

0.81

0.98

0.89

0.65

0.79

0.64

0.55

10000

1.07

0.92

1.05

1.21

0.83

0.90

1.09

0.99

0.73

0.88

0.71

0.61

where Cimp=

ratio port area at manifold/exposed port area at seat

dpi=

port dia. at manifold

Ne=

crank speed

Cm=

0.32

dsti=

valve stem dia.

Vs=

swept vol.

ao (m/s)=

343

dvi=

valve head dia.

dsi=

valve seat inner dia.

hi=

valve lift
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0.64

0.55
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0.51
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0.94

1.09

0.74
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Seat
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Port

Throat

Seat

Engine Type

Detail

Wc

Wpi

Wti

Wsi

Wc

Wpi

Wti

Wsi

SDD BSA

1.6" inlet - 1.41" exh

86.3

86.3

107.2

80.1

109.8

109.8

136.5

101.9

34mm carb

at 5500rpm(15.58m/s mps)(15.12m/s cmps)

at 7000rpm(19.83m/s mps)(19.24m/s cmps)

SDD BSA

1.72" inlet - 1.53" exh

77.0

81.4

70.5

76.0

97.9

103.6

89.8

96.7

36mm carb

at 5500rpm(15.58m/s mps)(15.12m/s cmps)

at 7000rpm(19.83m/s mps)(19.24m/s cmps)

1962 AJS 7R

81.7

97.7

71.1

60.7

96.8

115.8

84.3

71.9

at 6750rpm(17.55m/s mps)(17.27m/s cmps)

at 8000rpm (20.8m/s mps)(20.46m/s cmps)

Matchless G50

87.5

86.1

103.2

71.2

102.4

100.5

120.3

83.1

at 6000rpm(15.6m/s mps)(16.76m/s cmps)

at 7000rpm (18.2m/s mps)(19.55m/s cmps)

344 Aermacchi

83.4

99.8

113.6

81.8

95.4

114.1

129.8

93.5

at 7000rpm(18.67m/s mps)(17.95m/s cmps)

at 8000rpm(21.33m/s mps)(20.52m/s cmps)

Coventry Climax

68.9

101.5

72.4

70.8

76.8

113.1

80.6

78.9

FWMV Mk5

at 8750rpm(13.26m/s mps)(16.73m/s cmps)

at 9750rpm(14.78m/s mps)(18.65m/s cmps)

Manx Norton 30M

F2 BRM

114.7

126.4

79.4

73.6

at 9750rpm(20.02m/s mps)(21.61m/s cmps)

BSA DB350

101.6

127.0

67.7

66.6

130.0

162.6

86.6

85.3

Gold Star

at 6250rpm(18.33m/s mps)(16.47m/s cmps)

At 8000rpm(23.47m/s mps)(21.08m/s cmps)
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