Derivation Of Cooling Path Geometry

Richard Mole suggests in his paper “Factors to consider when installing air cooled engines“, 0.32 in^2 / installed HP for aircraft climbing at 100 MPH and 0.50 in^2 / installed HP for aircraft climbing at 65 MPH.

The cooling inlet area for the Rand Robinson cowling is:

Cowling inlet area = A(cowl) =  2* (3.5” * 4.5”) = 31.5 in^2

The theoretical cooling inlet area for 100 MPH climb is:

Cooling inlet area = A(Vc100) = .32 * 96 =  30.72 in^2

These two numbers correlate quite well and will be used as a starting point in determination of the cooling path flows.  This area is considered to include cylinder, head, oil cooler, and oil pan cooling airflow.  Excluded in this value is the intercooler flow.  Which will be derived separately later in this paper.

Define:  Cooling inlet area = Ai = 31 in^2

Define:  Cooling area max = Amax = sum of all cooling path flow areas;


Amax1

= Acyl + Ahead + Aoilcooler + Aoilpan


Acyl 

= 4 * (3.5” * 2 * .25”) * 70% open fin area =  49 in^2


Ahead 

= 2 * (12” * 3”) * 50% open fin area = 36 in^2


Aoilcooler
= 1 * (6” * 3.25”) * 60% open fin area = 11.7 in^2


Aoilpan
= 1 * (12” * .5”) * 50% open fin area = 3 in^2


Amax1 
= 49 + 36 + 11.7 + 3 =  99.7 in^2


Area Ratio 
= Amax1 / Ai = 99.7/31 = 3.22 


Aintercooler
= 1 * (6.5” * 6.25”) * 50% open fin area = 20.31 in^2


Aintercooler(i)
= Aintercooler / Area Ration = 20.31 / 3.22 = 6.31 in^2


Amax

= Amax1 + Aintercooler =  99.7 + 20.31 =  120 in^2


Amax

= Atop + Abottom


Atop

=  Acyl + Ahead = 49 + 36 = 85 in^2


Atop(i)

=  Atop / Area Ratio = 85 / 3.22 = 26.4 in^2


Abottom 
=  Aintercooler + Aoilcooler + Aoilpan

= 20.31 + 11.7 + 3 = 35 in^2


Abottom(i)
= Abottom / Area Ration = 35 / 3.22 =  10.87 in^2

Cooling inlet diffuser length is derived from the area ratio and the maximum expansion angle, 2-theta of 12 degrees.

Din = inlet diameter

Ain = inlet area

Dout = outlet diameter

Aout = outlet area

(PI/4)*Dout^2 / (PI/4)*Din^2 = 3.22 = Area Ratio 

Dout^2 = Din^2*3.22

Dout  = (Din^2*3.22)^0.5

L = length of diffuser

2-theta = 12 degrees

(Dout – Din) / 2 * L = tan (theta)

L =  (Dout – Din) / (2 * tan (theta))

L = ((3.22*Din^2)^0.5 – Din) / (2* tan(6))

L = (((3.22)^.5 * (Din^2)^.5) – Din) / (2 * .1051)

L = (1.79 * Din) – Din / .2102

L = .79* Din / .2102

L = 3.76 * Din

______________________________________________________

Atop(i)

= 26.4 in^2 = (PI / 4) * Dtop(i)^2

Dtop(i)

= (.5 *4*26.4/PI)^0.5 =  4.1 in

Ltop

= 4.1 * 3.76 = 15.42 in

Abottom(i)
= 10.87 = (PI/4) * Dbottom(i)^2

Dbottom(i) = (10.87 * 4 / PI)^.5 = 3.72

Lbottom = 3.72 * 3.76 = 14 in

Dbottom = (35 * 4 / PI)^.5 = 5.92”

To manufacture the bottom cooling duct a urethane plug will be made as a mold with an inlet diameter of  3.00” and outlet diameter of  7.00”.  After this foam plug is glassed the bottom cooling duct will be cut out by trimming each end to the appropriate diameter.  Using the formula for length above and substituting for theta gives:

L =  (Dout – Din) / .2102 = ( 7 – 3 ) /.2102 = 4 / .2102  = 19.03”.   This will result in a mold that is approximately 5 inches longer than the final part that can be trimmed down to the final diminutions after the fiberglass cures.
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