
"In presenting the dissertation as a partial fulfillment 
of the requirements for an advanced degree from the Georgia 
Institute of Technology, I agree that the Library of the Insti
tution shall make it available for inspection and circulation 
in accordance with its regulations governing materials of this 
type. I agree that permission to copy from, or to publish from, 
this dissertation may be granted by the professor under whose di
rection it was written, or, in his absence, by the. dean of the 
Graduate Division when such copying or publication is solely 
for scholarly purposes and does not involve potential financial 
gain. It is understood that any copying from, or publication 
of, this dissertation which involves potential financial gain 
will not be allowed without written permission. 



CALCULATION OF AIR FLOW AND 

FUEL CONTROL CHARACTERISTICS FOR AN 

OTTO CYCLE ENGINE 

A THESIS 

Presented to 

the Faculty of the Graduate Division 

"by 

Francis Joseph Suriano 

In Partial Fulfillment 

of the Requirements of the Degree 

Master of Science in Mechanical Engineering 

Georgia Institute of Technology 

November i960 



-"* 

A7 A 

CALCULATION OF AIR FLOW AND 

FUEL CONTROL CHARACTERISTICS FOR AN 

OTTO CYCLE ENGINE 

Approved: 

•? • 

R. L. Allen, Chairman 

C. W. Gorton 

J> >!. Spur lock//" 
L 

Date Approved by Chairman: 



ii 

ACKNOWLEDGMENTS 

I wish to express my sincere thanks to my advisor, Professor R. L. 

Allen, for his help with this work and for providing me with the opportunity 

to work in the field of my special interest. 

I also wish to thank Mr. Ralph D. Loftin and Mr. Robert S. Johnson 

of the Analog Computer Laboratory for their help with the solutions con

tained in this thesis. 

Above all, I wish to thank my wife June, who besides presenting me 

with my first son, showed infinite patience and gave me untold encourage

ment during the preparation of this work. 



iii 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ii 

LIST OF TABLES v 

LIST OF FIGURES vi 

SUMMARY vii 

CHAPTER 

I. INTRODUCTION 1 

II. DERIVATION OF EQUATION OF INTAKE PROCESS 3 

III. DERIVATION OF EQUATION OF EXHAUST PROCESS 12 

IV. EQUATION FOR THE INTAKE PROCESS, INCLUDING THE EFFECT 

OF VALVE OVERLAP BUT NEGLECTING HEAT TRANSFER 18 

V. PROCEDURE 2k 

VI. DISCUSSION OF RESULTS 28 

VII. CONCLUSIONS AND RECOMMENDATIONS 30 

APPENDIX A 31 

Tables and Figures 

APPENDIX B 38 

Nomenclature 

BIBLIOGRAPHY kl 



iv 

Table 

LIST OF TABLES 

Page 

I. Engine Data 32 

II. Operating Condition Constants 33 

III. Calculated Air Flow 34 



LIST OF FIGURES 

Figure Page 

1. Calculated Air Flow for 283 Cubic Inch Chevrolet 

V-8 Engine 36 

2. Calculated Pressure and Mass Flow versus Crank Angle 6 . . 37 



vi 

SUMMARY 

A mathematical analysis of the intake and exhaust processes for a 

four stroke cycle engine was made so that the air flow into the engine 

could be calculated. The particular engine under consideration was a 

283 cubic inch Chevrolet V-8, and the results of the air flow calculation 

are presented in tabular and graphical form. These results agree favor

ably with the expected trend and an approximate comparison of the calcu

lated data with measured data showed that the calculated data was 13.5$ 

less than the measured air flow at an engine speed of 1000 rpm over a 

wide range of intake pressures. 

In addition to the air flow calculation, records of the cylinder 

pressure versus crank angle for the intake process were also obtained. 

These pressure records agree closely with the expected results and ex

hibited the correct trend throughout the range of engine operating con

ditions covered. 



CHAPTER I 

INTRODUCTION 

For any engine, tests may be conducted to determine the most 

desirable air-fuel ratios for optimum operation. Once the air-fuel 

ratios have been determined, it is necessary to know the amount of air 

flow so that the fuel can be properly metered into the engine. However, 

it is not always possible to predict this air flow in a new engine de

sign. It is because of this problem that attempts have been made to 

calculate the air flow into an engine. 

Tsu (1) calculated the air flow into a single cylinder engine. 

This work is an attempt to extend Tsu's method to calculate the air flow 

into a multicylinder automotive engine. The objective here is to calcu

late the air flow into each cylinder of the engine during that cylinder's 

intake process. The engine specifically being studied is a 283 cubic 

inch Chevrolet V-8. The measured data used are from the same engine, 

but fitted with a "Ram Manifold" for use with a full injection system. 

In the process of developing the equations for calculating the 

air flow, it is necessary to examine both the intake and exhaust processes 

and to find the cylinder pressure as a function of the crank angle for the 

period that the intake valve is open. During part of the time when the 

intake valve is open, the exhaust valve is also open. The effect that this 

* 
Numbers in parenthesis refer to references in the Bibliography. 



valve overlap has on the cylinder pressure during the intake process is 

included in this pressure record as a function of crank angle for the 

intake process. 
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CHAPTER II 

DERIVATION OF EQUATION OF INTAKE PROCESS 

If the contents of an internal combustion engine cylinder are con

sidered as a perfect gas, their weight at any time can be written as 

w = i / (i) 

their internal energy at any time is 

I = KyWT , (2) 

and the change in internal energy during a time interval dt is 

dl = K.(W dT + T dW) , (3) 

where IC. is assumed to be constant. 

During most of the intake process the air-fuel mixture flows from 

the inlet port into the cylinder, and in time dt the weight of fresh 

charge drawn into the cylinder through the inlet valve is 

dW = p^u^t , (10 

where section "1" is a section through the inlet valve. In addition, 

during the time dt, the change in cylinder volume is dV and the work done 

* 
Symbols are defined in the Nomenclature in Appendix B. 



k 

on the piston by the gaseous mixture in the cylinder is 

P dV . (5) 

The interval energy per unit weight of fresh charge just outside 

the inlet valve is 

2 
u 

r + K v T i - <6) 
2g 

But owing to the flow work, sometimes referred to as "PV" work, done upon 

it, the energy brought into the cylinder by a unit weight of fresh charge 

is 

2 

J" + Kp Ti • (7) 

Therefore the energy brought into the cylinder by the fresh charge in 

time dt is 

2 
u., 

d WVii-+ KpTJ- (8) 

From the First Law of Thermodynamics, it can be seen that 

2 

2g~ 
dl = Ky (̂  W dT + T dwj = dW (̂  ^~ + K^ T.J - PdV + dQ , (9) 

where dQ is the heat energy transferred into the cylinder in time dt. 

Let section "i" be a section distant enough from the inlet port 

so that the velocity of flow of the fluid is negligible. The pressure 
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and temperature at section "i" are also constant. The energy relation 

"between sections "i" and "1" is then 

2 

Kp Ti + W- = *P Tl + Ik"' (10) 

where dQ1 is the heat transferred to the fresh charge dW on its way from 

section "i" to section "1". 

Substituting equation 10 in 9 we get 

Ky ̂  W dT + T dW J = dW I Kp T± + ^- J + dQ - P dV , (ll) 

which is the general differential equation of the intake process. The 

effect of heat transfer is now neglected because Tsu (l) indicated that 

unless the mean piston speed of the engine is very low, the effect of 

heat transfer on volumetric efficiency is negligible. Dropping the terms 

dQ and dQ1 from equation 11, we get 

Ky(W dT + T dW) = K_ T dW - PdV . (12) 

From the perfect gas equation, 

pV = WRT , (13) 

we observe that 

d(PV) = R d(WT) = R(W dT + T dW) . (li+) 

Combining equations 12 and Ik, 

g- d(PV) = K_ T dW - PdV . (15) 



6 

Dividing through "by KL/R, transposing terms and substituting 

Kp 

I T = y ( l 6 ) 

we get 

I- = 7 ~ 1 (17) 

d(PV) + (y - l)PdV = 7RT. dW (l8) 
l 

Integrating equation 18 from time t = 0 to time t = t, we get, 

V W 

PV - P Q V Q + (y -. 1) / PdV = yRT / dW . (19) 

V W 
o o 

In order to put equation 19 into a more easily handled form let the right 

hand member be written as 

W t 
p l u l 

7RT. / dW = 7RT. /p g A . n d t = 7RT.P.gC / A. — rf- d t . (20) 
1 >J i j 1 1 1 i i < j i p . L 

W t t 1 

0 0 o 

Substituting 

3? 

and letting 

« = £§ (21) 

A i p i ui Fi -vr ir <r w 
1 1 



the subscript "i" being used to indicate that the symbols are for the 

intake process, equation 20 becomes 

f v ^ i RiTipisCi re 

WiV dW = V J W 9 • 
w e 

o o 

Since 

P i 

we ge t 

w /— e 
Vi T i / d W = ^ \ f\\ie • («) 

W 0 
o o 

Collecting terms in equation 23 and letting 

27. O P 

and combining equations 19, 23, and 2^ we get the equation 

y e 

(PV - P QV O) + (y± - 1) J PdV - K±J A±F±d6 = 0 , (25) 

V 0 
o o 

which is the final form of the equation of the intake process. 

In order that equation 25 may be solved, the flow factor F must 

be evaluated. For a reversible adiabatic process, 
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p l l ( P 
p. / \ P. 
i i 

i/r 

(20) 

and for steady flow, 

ui 2 Tap 
+ / — = constant (27) 

2g J p 

where the integration is carried out along a streamline S. Equation 27 

is Bernoulli's equation but since the flow of the air-fuel mixture through 

the inlet part is unsteady, Euler's equation should be used instead of 

Bernoulli's equation. Euler's equation is 

du du 1 dP 
dT + udlE = 

P dx 
(28) 

Integrating along a streamline S we get 

du „ . u 2 . /'dP 
yr dx + T - + / — = constant . (29) 

Using the adiabatic relation 

p 
. = constant 

( p ) 

equation 29 becomes 

du,„ . u . 7 p 
^—:dx + — + — £ - — = constant , (30) 
ot 2 7-1 p ' XJ ' 
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which has one more term, the first, than Bernoulli's equation. However, 

in dealing with general hydrodynamic problems where a gas, not a liquid, 

is involved, the inertia force due to the unsteadiness of flow is usually 

small compared with other forces. A proof of this statement in the particu

lar case of the flow through an engine valve is given by Tsu (l). There

fore, the first term in equation 30 is dropped and we get 

2 

(3D 7-1 P4 

u 1 , 7 P 
2 7-1 P-L ' 

or 

un 
221 
7-1 L p 

(32) 

Recalling that 

and 

Pi P. 
l 

1/7 

we get 

/ , 7-1 

C. 
1 «4l 1 P 

" P i J 

7 
(33) 

and 
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A curve of F. versus (P/P ) may now be plotted. Notice that the 

pressure ratio (P/P ) is used. This is because the above definition of 

F is also applicable to small portions of some exhaust processes where 

gases flow back into the cylinder through the exhaust port. In such cases 

F is a function of (P/P ), P being the exhaust pressure. Therefore the 

symbol P is used to indicate PJ or P , as conditions may dictate. m i e 

As can be seen in equation ?>k, F is a function of both y, the 

ratio of specific heats and the ratio P/P.. Fortunately, by defining 

the flow factor F as in equation 3k, F becomes practically independent of 

y for the range 1.25 < 7 < 1.1*0. Therefore, for all values of y in that 

range, which covers fuel-air mixtures of all fuels and all fuel-air ratios 

in practical internal combusion engine operation, a single curve of F 

versus P/P will be sufficient. Although the flow factor increases as 
m 

the pressure ratio (P/P ) decreases, there is a critical pressure ratio 

(P/P ) at which the flow factor becomes constant and does not increase 
x ' m 

further with a decrease in the pressure ratio. This is due to the choking 

of flow through the valve. The ratio at which choking occurs is in the 

neighborhood of 0.55* 

Returning to equation 25, it can be seen that if V and A. are 

known functions of 0, the equation is solvable because y and K are con

stants that can be evaluated and the flow factor is a known function of 

P/P.. The actual solution of this equation will be treated later. 

From equations 23 and 2k, we see that 

f f 
K, / A.F.de = 7.R.T. / dW . 
l j 1 1 'i I I J 

1 1 i l l 
W 
o 
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If the integration is taken over the entire intake process, that is from 

the crank angle 6 where the inlet valve opens to crank angle 9 where the 

inlet valve closes, we have 

9 W 
c c 

K i 7 A i F i d 0 = w J dW> 
9 W 
o o 

and 

Wc ec 

w t = / d w = 7 ^ T : / W * > (35) 
w x x x e 
o o 

where W, is the total weight of fresh charge drawn into the cylinder 

during the intake process. But W, is the total weight of air plus fuel, 

and the weight of air alone is 

Wa " Iff ' (36) 

where f is the fuel-air ratio. 
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CHAPTER III 

DERIVATION OF EQUATION OF EXHAUST PROCESS 

Proceeding in a manner similar to the development of the equation 

of the intake process, the equation for the exhaust process is now developed. 

At time t the cylinder volume is V, the cylinder pressure is P and 

the absolute temperature of the cylinder contents is T. Considering the 

cylinder contents as a. perfect gas, their -weight is 

and their internal energy is 

I = KyWT . 

Then 

I = KyUT - KyT (St) = Ky J 2 . (jf) 

After an infinitesimal length of time dt, the time is t + dt, the cylinder 

volume is V + dV, the pressure is P + dP and the temperature T + dT. The 

weight of the cylinder contents becomes W + dW and its internal energy 

is then 

I + dl = K (W + dW) (T + dT) , (38) 
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where It is considered to be constant. Using the perfect gas relation, 

equation 38 roay ̂ e written as 

1 + di - yv + aw) (T + dT) - Ky
 (P
 ^ V I T ) ^ (T + dT> 

and 

j + d I . ^ (F + dP)R(V + dV) _ (39) 

Subtracting equation 37 from equation 39 and neglecting infinitesimals 

of the second order, 

di = ^ (PdV + VdP) = -^ d(PV) . (1*0) 

Neglecting heat transfer, this change in internal energy in the 

cylinder occurs because (l) work is done on the piston by the cylinder 

contents and (2) energy is carried out by the gases passing out through 

the exhaust valve. 

The internal energy per unit weight of gas inside the cylinder is 

IC.T, "but owing to the flow work done upon it by the gas remaining in the 

cylinder, the energy carried out by a unit weight of gas flowing through 

the exhaust valve is 

(KyT + PV) = KpT . 

Therefore, from the First Law of Thermodynamics, 

di = (KyR)d(PV) = - KyT(dW) - PdV . (kl) 



Dividing equation 41 by K_ /R and substituting 

VKV= 7 

K p - ^ ^ R 

R/Ky = y - 1 , 

we get 

Nov 

d(FV) + (7 •- l)PdV = - 7RTdW 

dW . (f )dt 

and 

so that 

dt = &6 
3N 

dt e V RT \ 7-1 

Z±i 

L(T) -CP* 

Therefore 

7 RTdW = 7 RT (j£) dt 
e e dt 

and 
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15 

7 RTdW = 7 R P 
e 'e e e 

27 
7-1 gRTV f-

e 

2/7 
7+1' 
7 n d© 

3N ' 
(^ 

Since heat transfer is neglected, ve may assume that the gas flovs adia-

hatically and reversibly from the cylinders through the valve into the 

exhaust port. Hence 

7-1 
7 

T - T (§-) . (k6) 
e 

Here Tg is the exhaust temperature in its usual sense, and is considered 

to be constant. The exhaust pressure P is also constant. 

Putting equation k3 in equation hk and simplifying, 

and 

dW, 
7eRTdW = g R T ^ d t 

7 RTdW = e 
Ay^ 

5N 

7 gRT P e° e e 7 
7-1 

37-3 
7 

27-2 

d9 . 

But 

7 gR T = C e° e e e 

and defining 

27 C P 
fj- \y S 6 6 

K e = — m — (*7) 
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we get 

(W) 

- 7 R TdW = K A F d0 e e e e e (h9) 

Combining equations k2 and 49, 

d(PV) + (7 " l)PdV - K A F &9 = 0 , K ' w e e e e ' 

and integrating from 0 = 0 to 0 = 0, we get 

(PV - P V ) + (7 - 1) / PdV - K A F &9 = 0 0 0 e <J e «j e e 
V 9 

(50) 

Equation 50, the equation for the exhaust process, is exactly 

similar to equation 25, the equation for the intake process. The important 

difference between the equations is in the flow factor F, about which the 

following may be said: 

(l) Theoretically, equation 43 is valid for steady flow only. 

The flow through the exhaust valve, like the intake valve, is unsteady. 

To be rigorous, the equation for the flow factor should have been derived 

from Euler's equation, not Bernoulli's equation. But as was indicated in 

the development of the equation for the flow factor for the intake process, 

the effect of unsteadiness in this application is negligible. Therefore, 

the equation for steady flow was used immediately in deriving the equa

tion for the flow factor for outward flow. 
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(2) Although the form of the flow factor for outward flow, equa

tion k&, is quite similar to that of the flow factor for inward flow, 

equation 3^ their physical meanings are different. The flow factor for 

inward flow is proportional to the rate of flow per unit area, that is, 

proportional to (—) (—), the mass velocity. From equations k-6 to ̂ 9, 

it can be seen that the flow factor for outward flow is a function of 

the absolute temperature of the cylinder contents and the mass velocity, 

that is, proportional to T(-Tr)(r-) . 

(3) The flow factor for outward flow may also be plotted as a 

function of the pressure ratio (P/P ) because the flow factor is applica

ble whenever the flow is outward. That is, it may be used for flow from 

the cylinder out through the exhaust valve in the exhaust process or for 

flow from the cylinder out through the intake valve as may occur in some 

portions of the intake process. 
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CHAPTER IV 

EQUATION FOR THE INTAKE PROCESS, INCLUDING THE 

EFFECT OF VALVE OVERLAP BUT NEGLECTING 

HEAT TRANSFER 

The equation for the intake process when valve overlap and heat 

transfer are neglected has been developed (Equation 25). Heat transfer 

will still be neglected but valve overlap will now be accounted for. 

Heat transfer is neglected on the basis of the earlier statement 

that unless the mean piston speed of the engine is very low, the effect 

of heat transfer is negligible. Valve overlap will be considered because 

in modern high speed internal combustion engines, and in particular in 

the engine being studied in this work, the valve overlap is great. 

Failure to account for it would lead to errors in both the pressure and 

mass flow calculations. 

Looking at equations 25 and 50, it follows that during the period 

when both the intake and exhaust valves are open that both of the terms 

K, / A4F.d0 id i I 
0 
o 

and 

K / A F d0 
e J e e 
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should "be included in the equation for the intake process. Assuming that 

the gases in the cylinder are well mixed and that there is no short cir

cuit flow "between the intake and exhaust ports when "both valves are open, 

we have as the equation for the intake process, 

(FV - P O V O ) + (7. - i) > v - KJ KJAB - KJAQ i ede = o . 

o ao o 

The approach used here in this equation is not exactly vigorous since the 

effects are not strictly additive but the error introduced is small. The 

flow factor for the intake and exhaust processes are designated by the 

general flow factor f to show that the flow may be either inward or out

ward through either valve, and the particular flow factor, F or F would 

be accordingly used. The subscripts i or e on the general flow factor f 

are used to designate that the flow factor is a function of the pressure 

ratio P/P. or p/P respectively. 

Examining further the case of backflow through the intake valve, 

it is evident that backflow occurs whenever the pressure in the cylinder 

is greater than the pressure in the intake reservoir. This is likely to 

occur at two different times during the intake process; first, when the 

intake valve just begins to open and, second, just before the intake valve 

closes. The pressure build up and consequent backflow just before the in

take valve closes occurs when the intake valve closes late so that it may 

still be partly open during the upward compression stroke of the piston. 

If backflow occurs when the inlet valve first opens, what flows out is 

not fresh charge but residual exhaust gas. If backflow occurs just before 

the inlet valve closes, some of the fresh charge just drawn into the 

cylinder is forced back into the intake port. 
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For the case when residual exhaust gases flow out through the inlet 

valve, the intake process constant K. may not be used but must be replaced 

by a new constant, K ., the subscript "ei" meaning the expulsion of resid

ual gas into the intake port. Using the same reasoning as in the deriva

tion of the intake and exhaust process constants, 

ei 6N 

where 

2.7 C . P. 
K . - V e. w

e i 1 (52) 

Cei =V reS Re Tei ' (53) 

T is the absolute temperature of the residual gas after it has expanded 

from cylinder pressure P to the inlet pressure P.. Now 

7-1 

T P 7 

-f1 • (jr) W 

and 

so that 

7-1 

T = (f-) (W) 
e e 

y-i 

P. 7 

Tei " \{T] (55) 
e 

Combining equations 52, 53 and 55, simplifying, and using equation kf, 

we get 
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37-1 
2y 

Kei , Ke (li) . (56) 
e 

Putting this alteration into the equation for the intake process, equa

tion 51, we have 

(FV - PQVo) + (y± - 1) J PdV -/K*A ±f ±d0 - \ f k j ^ = 0 

V 0 0 
0 0 o 

where 

K* = 

K . - Used when residual exhaust gas is flowing out through 
the intake valve 

K. - Used when fresh charge is flowing in through the 
intake valve. 

K* is now a function of the crank angle and is no longer constant and is 

therefore included inside the integral sign. Rearranging this equation, 

we have 

V ft ft 
P V - {y-1) / PdV + / K*A4 *i AG + K / A *i d0 

0 0 w i y J J I 1 1 e j e / e 
V 9 9 

P = °- 2 2 9 ( 5 7 ) 

V 

which is the equation for the cylinder pressure P. 

In a previous section, equation 35 "was developed to calculate the 

total mass of charge drawn into the cylinder during the intake process. 

This equation was based on the idealized intake process having no valve 
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overlap and neglecting heat transfer. This equation will now be altered 

to account for the effect of the residual exhaust gas which may be expelled 

into the intake port. 

Returning to the method to calculate the mass flow in an earlier 

section, we have, for the period when the residual gas is flowing, 

K .A.F.de = 7 R TdW . (58) 
ei 1 1 'e e K ' 

But 

so that 

and 

7-1 

T - Te (f-)
 7 

e 

— r± 
= T fjL) (L.) 

e kP ' K T . J 

e 1 

7-1 _± 

p. 7 ~T~ 
K .A.F.de = 7 R T (=i) (|-) dW ei 1 1 'e e e VP 7 VP.' 

e 1 

n K . A.F. 
OTT 1 ei , 1 1 

dw = ——' — —L ' d0 
7 R T 7-1 n 

e e e - — 7-1 
P. 7 ^ 7 

(jr) (f) 
e i 

Integrating from 0 = 0 to 6 = G , where Q is the crank angle at which 
o x x 

the residual gas stops its outward flow through the intake valve, we have 
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w - / dw - -=i= ^ / - ^ de , (59) 

(pi) (|-) 
e i 

where W is the weight of residual gas that passed out through the intake 

valve. 

Returning to equation 35> we can now calculate the total amount of 

flow into the cylinder if we integrate from 9=9 to 9 = 9 : 

9 
K 

wt - J^T J Ai^id0 • (60) 
7 r r i 9 

x 

Equation 6*0 represents the total amount of flow into the cylinder, in

cluding the residual exhaust gas which was temporarily stored in the 

intake port. The total weight of fresh charge drawn into the cylinder 

is then 

Wf = Wt - Wr , (61) 

and the total weight of fresh air drawn into the cylinder is 

wfa • r r ? > ^ 

where f is the fuel-air ratio. 
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CHAPTER V 

PROCEDURE 

Equations 57> 59 and 60 will now be solved, but an important re

striction placed on these equations earlier is now reiterated. In the 

derivation of these equations, section "i" was defined to be a section 

distant enough from the inlet part so that the velocity of flow of the 

fluid is negligible. On an actual engine, we could not call the intake 

manifold section "i" because the velocity of the air-fuel mixture in the 

manifold is quite high and also the pressure may not be constant. In the 

solution of these equations, the pressure P. is varied but it should be 

remembered that this is not the same as varying the intake manifold 

pressure. P^ may be considered to be the pressure in a very large res

ervoir from which the engine is drawing air and in which the air velocity 

is negligible. This reservoir will henceforth be referred to as the in

take reservoir. 

In order to solve equation 57> the only engine data needed are: 

(1) a curve of V versus d 

(2) a curve of the valve lifts versus 6 

(3) a curve of A. versus 6 

(k) a curve of A versus Q 
e 

(5) the diameter of the intake and exhaust valves. 

The third and fourth curves listed above were obtained using curves of valve 

lift versus crank angle and curves of flow coefficients through the valves 
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versus valve lift (3). These flow coefficients can "be accurately obtained 

"by means of a model test under steady flow conditions. It is allowable to 

use flow coefficients obtained under steady flow conditions because several 

investigators have shown that the effects of unsteadiness are negligible 

(1, 3, 5). 

Although the flow coefficients could have been determined experi

mentally for the engine under consideration, this procedure was not used 

in this work. Instead of experimentally determining these values, this 

author used the average value of several flow coefficient versus the ratio 

of valve lift to the valve diameter curves (3) to determine the effective 

inlet and exhaust valve areas for this engine. This represents only an 

approximation but it is a close approximation as the flow coefficient 

versus lift/diameter curves were all of the same basic shape and magnitude 

over a wide range of valve sizes and configurations and an equally wide 

range of lifts. 

Several assumptions were made about the operating conditions of the 

engine. The engine was constrained to operate at a fixed intake reservoir 

temperature and exhaust temperature, the values being 100°F and 15^0°F 

respectively. It was also assumed that in the range of engine speed from 

1000 rpm to 2000 rpm, the initial cylinder pressure and exhaust pressure 

were atmospheric. At 3000 rpm these pressures were assumed to be one inch 

of mercury above atmospheric and at 4000 rpm they were assumed to be two 

inches of mercury above atmospheric. 

Equation 57 was solved on an analog computer at the Georgia Institute 

of Technology Engineering Experiment Station's Analog Computer Laboratory. 
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The actual programming was done by the Laboratory personnel. When the 

equation was programmed, the information necessary for its solution was 

placed in the machine under three separate classifications. These were: 

(1) curves of constant data 

(2) values of constants 

(3) engine operating parameters. 

The curves of constant data applied to all engine operating conditions, 

that is, over all ranges of speed and manifold pressures. These were the 

curves of A. versus Q, A versus Q, V versus 0, and f versus P/P . The 
1 e m 

constants were the temperatures T. and T . the gas constants 7. and 7 , 

and the ratios of specific heats 7. and 7 . The engine operating para

meters are the variables which describe the various engine operating 

conditions together with the variables in the pressure and mass flow 

computations which vary according to these operating conditions. These 

parameters are the pressures P., P and P , the engine rpm, and the 

variables K., K and K ., with one set of values of these parameters 

describing a particular engine operating condition. 

As the computer solved the equation, it plotted a curve of the 

pressure P versus the crank angle for the set of running conditions 

as dictated by the given parameter values. 

The mass flow calculation was also performed on the analog computer. 

In the mass flow calculation, equations 59 and 60 were combined to form a 

separate equation for W as follows: 
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w - e < e < 
r o — 

w = x 

w, - e < e < e 
t x — c 

As this calculation was performed, a curve of W versus G was plotted, 
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CHAPTER VI 

DISCUSSION OF RESULTS 

Since the effects of momentum or inertia charging were not in

cluded in this analysis, the air flow should decrease with an increase 

in engine speed when the intake reservoir pressure is constant. The 

results of the air flow calculation were plotted and it is seen that 

they follow the expected trend. 

As an approximate check of the magnitudes of the calculated air 

flow, the 1000 rpm line of the calculated air flow was compared with the 

1000 rpm line of the measured air flow for the same engine. The 1000 rpm 

lines were chosen because it is the lowest speed at which the air flow 

was calculated and in the actual engine there are less momentum charging 

effects than at a higher engine speed. The calculated air flow at 1000 rpm 

was approximately 13-5$ less than the measured flow at nearly all the intake 

reservoir pressures. This is considered to be a good correlation. 

A reproduction of a plot of the pressure and mass flow records made 

by the coordinate plotter of the analog computer is also included in Appen?-

dix A. Examination of the pressure records as a function of crank angle 

shows that these curves are in agreement with the desired results. The 

desired trend was that at a constant intake reservoir pressure, the cyl

inder pressure in the early stage of the intake process should increase 

with an increase in engine speed, but that once the cylinder pressure has 

dropped below the reservoir pressure, the cylinder pressure should decrease 

with an increase in engine speed. 
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The results of "both the pressure and mass flov calculations agree 

closely vith the desired results. 
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CHAPTER VII 

CONCLUSIONS AND RECOMMENDATIONS 

It may "be concluded that the method used "by Tsu (l) to calculate 

the air flow into a single cylinder engine may "be used to calculate the 

air flow into a multicylinder automotive engine. It is recommended, how

ever, that in any future work of this nature that the effective valve 

opening areas should "be experimentally determined. It is further rec

ommended that the effects of momentum charging "be studied and included 

in the analysis. This would not only improve the accuracy of the calcula

tion "but it would also more closely describe the conditions encountered 

in a modern multicylinder automotive engine. 
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APPEM)IX A 



TABLE I 

Engine Data 

Make and Model: 1959 Chevrolet 283 cubic inch V-8. 

Bore X Stroke: 3.875 inches X 3.000 inches. 

Compression Ratio: 9.5:1. 

Intake Valve Diameter: I.720 inches. 

Exhaust Valva Diameter: I.500 inches. 

Intake Valve Timing: Open 35° BTDC 

Close 72° ABDC 

Exhaust Valve Timing: Open 76° BBDC 

Close 31° ATDC 

Special Equipment: Equipped vith Special Cam and Ram Manifold for 

Use vith a Fuel Injection System. 



(3EABLE I I 

Opera t ing Condit ion Cons tan ts 

Intake Reservoir Temperature: 100°F. 

Exhaust Temperature: 15kO°F. 

Gas Constant, Fuel-Air Mixture: 609 4§ . 
Gas Constant, Exhaust Gas: 650 If . 

Ratio of Specific Heats, Fuel-Air Mixture: 1.322 

Ratio of Specific Heats, Exhaust Gas: 1.300 



Table III 

Calculated Air Flov 

e Re 
sure 

s e r v o i r 
("Hg) 

Engine Speed 
(rpm) 

W x 10 
r ( L b . ) 

W, x 10 
Vb.) 

10 1000 0.30 3.18 

10 2000 0 .28 3.08 

10 3000 0 .26 2.81+ 

10 i+ooo 0.30 2.1+8 

15 1000 0.25 1+.92 

15 2000 0 .18 1+.73 

15 3000 0.20 1+.36 

15. i+ooo 0.25 3.67 

20 1000 0 .16 6 A 8 

20 2000 0.11+ 6.26 

20 3000 0 .16 5.85 

20 i+ooo 0 .19 5.00 

W„ x 10 
f ( L b . ) 

2.88 

2.80 

2.58 

2 .18 

1+.67 

^.55 

1+.16 

3. te 

6.32 

6.12 

5.69 

1+.81 

\ ^ 

2.70 

2 .63 

2.1+2 

2.05 

1+.38 

1+.27 

3.90 

3.21 

5.93 

5 .7^ 

5 . 3 ^ 

1+.51 



Table III (Continued) 

Calculated Air Flow 

ntake Re. 
Pressure 

servoir 
("Hg) 

Engine Speed 
(rpm) 

W x 10 
r(Lb.) 

25 1000 0.11 

25 2000 0.10 

25 3000 0.12 

25 4000 0.14 

28 1000 0.06 

28 2000 0.07 

28 3000 0.11 

28 4000 0.12 

-4 
W. x lO"^ 
*(Lb.) 

8.62 

8.44 

7-90 

6.38 

9.44 

9.4l 

8.53 

7.17 

W _ x 10 
f(Lb.) 

8.51 

8.34 

7.78 

6.24 

9.38 

9.34 

8.42 

7.05 

-4 
W_ x 10 
fa(Lb.) 

7-98 

7.82 

7-30 

5.85 

8.80 

8.75 

7.90 

6.61 

-4 

CO 
VJT 
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Figure 1. Calculated Air Flow for 283 Cubic Inch Chevrolet V-8 Engine CO 



FIGURE 2 . CALCULATED PRESSURE AND MASS FLO* VERSUS CRANKA^E e 
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APPENDIX B 



NOMENCLATURE 

39 

A Effective valve opening area 

C Velocity of sound 

f Fuel-air ratio 

F Flow factor for inward flow 

F Flow factor for outward flow 

y General flow factor 

g Gravitational acceleration 

I Internal energy 

K Exhaust process constant 

K. Intake process constant 

K* General intake process constant 

K_7 Specific heat at constant volume 

K_ Specific heat at constant pressure 

N Engine speed 

P Pressure 

R Gas constant 

t Time 

T Absolute temperature 

u Velocity 

V Cylinder volume 

W Weight 

x Distance along streamline 

in. 

in./sec. 

dimensionless 

dimensionless 

dimensionless 

dimensionless 

in./sec. 

Btu 

lb./in.sec.rpm 

lb./in.sec.rpm 

lb./in.sec.rpm 

Btu/lb.°F. 

Btu/lb.°F. 

rpm 

psia 

in./°R 

sec. 

°R 

in./sec. 

in. 3 

lb. 

in. 



NOMENCLATURE (Concluded) 

y Ratio of specific heats dimensionles 

9 Engine crank angle degrees 
o 

p Mass density lh./in. 

Suhscripts 

c Denotes end point, which is taken to he 

the point where the intake valve closes 

e Denotes exhaust process 

ei Denotes expulsion of residual exhaust gas 

through the intake valve 

i Denotes intake process 

m Used to designate P. or P , whichever applies 

o Denotes starting point, which is taken to he 

the point where the intake valve opens 
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