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INTRODUCT ION

The experimental work upon which this paper is based
is, as the title indicates, merely of a preliminary nature,
The investigation is concerned with the measuring of the
pressure variations along the branckes of the automotive
intake manifold, An emperical approech was made to the prob-
lem in an effort to discover the effect these pressure
variances have upon engine performance,

After considerable primary research, it was presupposed
that the liquid fuel state present in the manifold will
settle out of the fluid flow in the region of highest pressure.
Should the high pressure points be removed, then the liquid
ends would tend to stay in suspension and distribute them-
selves to the cylinders more evenly,

Ethyl Research Laboratories in Detroit have a cleer
plastic intake manifold on one of their experimental auto-
motive engines, Upon observation of the mixture flow, it
wags noted that the liquid portions settled out at the bends
in the branches and collected on the inner, or low pressure
sections. Most of our modern in-line engines utilize
siamese intake ports. Therefore, the liquid that settles
out tends to enrichen either ome or the other of the
cylinders, promoting bad fuel distribution and engine
roughness,

The primary research that was mentioned, brought out

the fact that manifolding and fuel distribution are one of



the big problems in multicylinder engine design. Many
tests have been devised to determine the extent of the poor
distribution, and many hours spent in experimenting with
manifold sizes, shapes, and with the bends in the branches.
A summary of these findings from various books, journals,
and observations is included in the appendix as background
materiel,

As for the particular investigation that this paper
is based upon, not much published material could be found
as & foundation. All of the work included here is originel
as far as is known - speaking with reference to the pressure-
variance angle of approach. The apparatus used was simple
in design and limited in range, but it was extremely
effective in pointing out the suspected results, It is
felt that this is strictly a preliminary investigation.
There is much more work to be done over & wider gpeed range
and with greater veriables, The very idea of having a
three-phase fluid flow (air, vapor, liquid) existing in
the manifold demands further investigations upon its be-
havior at & multitude of conditions,

The results herein are taken from Just two conditions,
that is, using only two manifolds of different design. The
first inteke manifold was of a standard production design,
unaltered in any fashion, Manifold Type I, as it is re-
ferred to in the text, is a design as far radical from
standard as could be accomodated on the engine, The test
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engine, or engines, to be more correct as two were used,
were of a standard six-cylinder, overhead-valve design in
mass production today. The main experimenting engine was
new and all dynamometer runs were made with it, The
secondary engine was worn by 35,000 miles of normal pas-
senger car use, It was used only es a check against the
mein one during one test phase to meke sure that the
results were not peculiar to one engine, as is often the
cese in automotive work, The engine type was not chosen
for any particular reason of performance, but was used
because its design is indicative of current trends, i.e.,
over-head valves, and because it was convenient and simple

to work with,
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OBJECT
The object of this experiment is to investigate the
effect of pressure variances within the intake manifold

upon automotive engine performance,
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PROCEDURE

Before any test runs were made, the new engine was
completely disassembled, checked and measured, and carefully
reassembled to the manufacturer's specifications. This was
done because the engine had previously been used as a tear-
down sample for the Automotive Engineering classes at
Michigan State College,

The standard intake manifold was drilled and tapped
at predetermined positions to accomodate the pressure take-
off lines used in the set-up, Figure 1 shows the manifold
with plugs in the positions where the pressure taps were
made., The nine separate points were connected to a common
header through shut-off valves, The valves and single
collector were used to simplify the hook-up to the inclined
draft gauge used to measure the pressure differentisls. In
all cases the pressures along the manifold branches are
recorded as differentials from a common point Jjust below
the carburetor in the intake riser,

The engine was run and pressure variances measured in
a series of four steps - full, three-quarter, half, and one-
quarter throttle settings, Turbulence of flow within the
manifold disturbed the draft gauge above 2000 engine rpm,
so this speed was established as the upper limit of the
pressure tests, At the conclusion of the pressure-check
runs, & standard full-throttle performance test wes made

on the engine as equipped with its original intake manifold,
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Figure 1. Standard Intake lanifold
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Figure 2, Manifold Comparison
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There was no particular basis for the design of the
Type I intake manifold, It was conceived merely as a
design that would, it was believed, most nearly smooth
out the pressure variances that were found along the
branches of the standard types A picture of the two
manifolds is shown in Figure 2, Figure 3 illustrates the
Type I without a heat riser jacket, pressure tapped in
positions similar to the original, and in position on the
test engine, The new design menifold was constructed of
1,375 inch, 16 gauge seamless steel tubing with welded
joints in the first sample, brazed in the final version,
Test runs were made on this manifold as before, with one
exception, Before the full-throttle performance test was
made, a new Type I manifold was constructed, including this
time a heat riser, The heat riser was incorporated to
improve fuel vaporization, the incompletion of which was
evidenced in experimenting with the cold version,

Volumetric efficiency and friction horsepower tests
of the engine as equipped with each of the manifolds
completed the first phase of the investigation, Comparative
road tests were next made, using both test engines mounted
in the same standard chassis, These road tests were con=-
cerned with acceleration, economy, and overall performance
of the automobile, Figure 4 shows the new manifold in-
stalled in road operating condition,
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Figure 3., Type I Dynamometer Installation




<10

———

A e e e e e — — e

Figure 4. Type I Road Installation

—— T —— e~






wlle

OBSERVATIONS

The data sheets and curves plotted from the test
results are all included in the appendix, Figures 5
through 18 are concerned with the initial pressure tests
of the standard manifold, as are Tables 2 through 5,
Figures 19 through 32 and Tables 6 and 7 are for the
pressure tests of the Type I manifold, Tables 8 through
11 and Figures 33 through 36 are combined results of the
remainder of the runs,.

Figures 5 through 9 are plots of the differential
pressures in the standard intake manifold from idle to
wide-open throttle settings., The pressures are plotted
vse the take-off point number for each rpm. The points
are connected not as an indication of the pressure existing
between the take-off ports, but merely to illustrate the
wide variances found, It can be seen that the higher the
engine rpm at any one throttle setting, the greater are
the pressure variancesj; and as the throttle opening is
increagsed, the pressure differentials rise with a slight
increase in variances.

At 1/4 throttle, the pressures vary a meximum of 2.33
inches of water at 1660 rpm, and a minimum of ,8 inches at
920 rpm, The 1/2 throttle maximum is 3,43 inches at 2170
rpm, with the minimm of 1,00 inches at 940 rpm; 3/4 throttle
maximm 3,43 inches at 1940 rpm, minimum 1.13 inches at
1080 rpm; and the full throttle maximum is 3.7 inches at

[ —



2090 rpm, with the minimm ,95 inches at 940 rpm,
Figures 10 through 13 are plots of the differential

pressures at a point vs, the engine speed at the separate
throttle openings, In all cases the differential pressure
rose, or the absolute pressure dropped, as the rpm increased,
but in no definite or determinable manner, The point dif-
ferentials varied from .5 to 2,05 inches of water at 1/4
throttle, to from 1,25 to 4.0 inches at full throttle.

The pressure-check runs of the Type I manifold were
seriously limited in speed range. Above 1700 rpm the manie-
fold flow was too turbulent to record accurately with the
draft gauge, Under 1100 rpm the engine was too rough
running to gather accurate results because the manifold
was unheated, inhibiting poor fuel vaporization,

At all throttle openings the curves of differential
pressures vs, the take-off points were displaced upwards
and flattened out by using the smooth curved manifold «=
Figures 20 through 23, Maximum and minimm pressure variances
at the throttle openings are noted as followss 1/4 throttle,
maximumm ,9 inches of water at 1620 rpm, minimm .6 inches
at 11803 1/2 throttle, .85 at 1180 rpm, 6 at 1590; 3/4
throttle, 1.0 at 1515 rpm, ,6 at 16903 full throttle, 1.5 at
1700 rpm, .8 at 1270,

Figures 24 through 27 illustrate the fact that in the
new manifold the individual point differential pressures

rose sharply with engine speed and in a more predictable
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manner than was the case before, The point differentials
varied uniformly with speed, averaging about 2.0 inches of
water at all throttle settings,

Both manifold types were tested for bhp, torque, and
specific fuel consumption at the separate throttle settings.
Table 1 is a comparison of these part throttle runs, giving
thp, ft-1b of torque, the fuel consumption in 1b/thpehr,
and the manifold vacuum in "Hg, all at 1600 rpm,

Standard Type 1 |
throttle [1/4 | 1/2 | 3/4 |1l | 1/4[(1/2 | 3/4 |full
bhp 22 | 42.,5| 48 52 26 | 42 50 |52.5
torque 72 139]| 158 | 170 86139 | 163 | 172

| Befe00  |595 | o505!4491 | o622 | .565 | 453 14495 [.525
vacuum 12,1 2.9 9 o5 |11e3 | 2.4 | 465 o4

Table 1 - Performance Comparisons at 1600 rpm

In spite of the fact that the Type I manifold was
operating in the strictly unheated version, it equaled or
bettered the standard manifold in practically every phase
of performance while operating on a lesser vacuum, The
fuel consumption, however, was not as good because of the
poor vaporizatiom,

The second manifold that was made up along the pressure-
relief line included a heat riser jacket, Upon comparing
the full throttle performance records of the new and standard
types, it was found that the new type was far superior in
all phases, especially at high speeds., The one place where
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the Type I was inferior was in the 600-1100 rpm range ==
referring to Figure 33, This can be accounted for by the
fact that since the riser of the new manifold is set out
farther from the block, there is less chance for the exhaust
gases to cross the narrow commnicating passageway into the
Jacket at low speeds. This absence of proper heat reduces
efficient fuel vaporization which affects horsepower and
torque as well as fuel consumption,

The motoring tests of the engine as equipped with the
two different manifolds are recorded in Table 9 and plotted
in Figures 33 and 34. Relieving the pressure variances
showed a marked increase in volumetric efficiency with a
resulting slight improvement toward lessening the friction
horsepower,

The final testing was done on the road, simuleting
average driving conditions. During this phase of the
investigation the two different engines were used in the
same standard chassis, The manifolds were checked for
their affect on acceleration from 0 - 60 mph through gears
and on the fuel consumption at various speeds. In all cases,
without exception, the Type I was superior in both accelera-
tion and delivery of economical Operation.' The resulting
data is recorded in Tables 10 and 11, and the comparisons
Plotted in Figures 35 and 36, It was also noted that the
engine, when equipped with the new manifold, was easier

starting than usual and showed excellent overall performance,
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regardless of speed or operating conditions.

Unfortunately, through lack of time and proper equip-
ment, no tests were made on the operating air-fuel ratios
of the individual cylinders. However, after careful notation
of spark-plug and velve deposit coloring, and observing the
experimental data, it is hard to believe that there is any
serious meldistribution of the fuel mixture, If enything,
there was a slight improvement over the standard set-up.
This is merely & supposition, however, and not to be mise

construed as facte
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CONCLUSIONS

Any conclusions that can be drawn from the experimental
work presented herein must be tempered by the fact that it
was all done on one type and mske of automotive engine,

It was brought out that there are wide, unpredictable
pressure variances existent in this one particular standerd
inteke manifold type. The variances are great along any
one branch and differ between branches. They increase with
epeed and result in & highly turbulent mixture flow above
2000 rpm,

By eccommodating & radical, smooth-curved-branch mani-
fold on this engine, several factors were brought outs

l, Mezgnitude of the pressure variances decreased,

2, Differential pressures increased with engine speed

but in a more predictable manmer,

3+ Absolute pressures were lower -- curves displaced

upwards,

4, Turbulence of flow was evidenced at a lower speed

-= 1700 Tpme

5« Part throttle performance improvements in all

speed ranges,

6. Marked brake horsepower and torque improvements at

full throttle, especially in the high speed range,

7 A gain was made in specific fuel consumption at

full throttle,

8, Improved volumetric efficiency with a slight decrease
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of friction-horsepower,
9, Astonishing improvement in road economy and
performance,

10, Apparent good fuel mixture distribution to ell

cylinders.

It appears that & balanced riser, a2s used on the
Type I manifold, is an aid to proper distribution, The
two out-board brenches are extremely long as compared to
the center one but the equiangular take-offs from the
riger seem to counteract the ill-effects of the different
lengths, It is possible that distribution could be further
improved by using flat-bottomed channels -- increasing the
surface area for fuel vaporization -- instead of the round
ones that were used,

This preliminary investigation presented the realizatiom
that there lies in the field of pressure analysis a possible
insight to improved intake manifold design for the automo=-
tive engine, The results set forth here are not conclusive
because of their short range limitations and epplicationmn
to one engine, However, the way has been pointed out for
further investigations over a wider speed range with greater
veriebles, and with several different engine types, It is
entirely feasible, as has been stated before, that pressure

analysis could be the design key,
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EXPERIMENTAL DATA
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Mig.

lz.v
10.2
3.8
7e4
Cel

Running Log of Tecst of Standard Intzke T anifold
Clcen, S.A. Room Temp, 759%
Oburvm{ _La.mmﬁ_t_er_&‘_L_hg..-’ 5 "I Date_lZ=-C0 ,19 L0
lezm Differenticl prezsure from pt.E “HEC

o load

Z DI, . 1be. le. . Z2e. 3¢ be. Be . Ce . _Te. 8u. __ 9.

1 14d1e . .

2 z70 0 272 244  £48 2,77 2.62 2.7 . L.6  L.65 £.78

3 .

4 1/4 throttle . 4 . , .

O 16€0 .23 . ,90 1.95 3,18 1.85 £.15 1.90 3.23 Zed 1.20

6 1400 46 e53 1460 2,13 1.0 1.83 1.18 £.05 1.67 33

T 1720 5245 452 1.27 1.60 . .82 1.25 485 1.€0 1.33 . 4.5

8 1050 57 50 1,02 1.33 .65 1.0 67 1.3 1.1 50

9 920 €0 .40 .87 1.20 .60 .82 .63 1.183 1. o3
10 ,

11 1/2 throttle

12 2170 €66 1,72 4.2 5.0 3.0 3.0 2.6 .4.95 Z.37 1.57
13 1840 73 1.3 3.5 4.45 £.45 1.3 1.35 4.1 Z.5 1.k
14 1¢50 76 1,03 3,05 4.0 2,05 £.05  1.13 3..5 L. 1.1
15 1400 .78 .53 1.356 £,5 .1.13 1,5: W93 2423 1,73 . .43
16 1170 20,5 .43 1.27 1.3 Bl 14560 . 468 1,75 1,70 | .45
17 940 79.5 .27 W35 1,55 D0 W72 447 1.1 «95 5
18

19

20

21

22

23

24
25 - - L
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Sheet No. Table 3

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE
Running Log of Tect of Stenderd Intoke Iianifold
Obmm{ { Date , 19

. fezm Differenticl pre.sure frcem pt.E "HoO ot.
© Loezd b

% BT 1b. . l. . 2. 3. 4e 5. 64 T4 _Be . 9.  “HEg.
1 3/4 throttle
2 1940, 86 | 1.1 7,67 4445 . 2427 2475 1.35  4.22 0 2,15 1.0% s
3 1700 . 87.5 9% 3.03 2493 . 1.73 2.1 . 1.55 3455 173 5D 1.0
4 1410 37 03 1,75 2425, 1.02 . 1,47 «33 215 . 1.55 3] o7
5 1190 86 = £8 1.7 1,72 473 1,23 e85  1.C8 1.2 2o 5]
6 1080 86 17 W95 1.28 . .49 ,93 . .42 1,03 L7 .15 o4
7
8 full throttle . ‘ ,
9 000, 93 1.2 4.4 5.0 . L3 3693 . Lec3 44907 3.7 1.4 o9
10 1300 94 20  2.48 4,55 £421 2£.85 1l.33 4.1  3.15 1l.1: o/
11 1620 95 | .45 2,75 3,75 1.8  £445 1.3 | 3.5 L1423 . W35 . .6
12 1770 92,5 e3D 1.7 £eZ3 Lol  1.78 . 493 Lec7 145 30 . 44
13 1140 93 e28 1,21 1.82 «73 1.6 83 le62 1l.23 8 3
14 940 9z .05 3 1.0 44 W33 0 W33 87 «59 086 .1
15
16
17
18
19
20
21
22
23
24 ‘ ,

2Bl e
Remarks: Above 2000 rpm the flow wes to turbulent to record eccurutely.
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Figure 11
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12 1400 . 97.7. , 17544 3544 13,65 14l | 2746 L4900
131180 113.5 4 . 014043 31.6 16403 14545 3246 . 4493
14 g40 136 139.1 4.9 13.33 142.8 2547 .5:1
15

16

17

18

19

20

21

22

23

24

25
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MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE
Running Log of Test of Standard Inteke lienifold

- Sheet No. Table 5

— {

Remarks:

Date , 19
Fuel Weater|Oil Brake Corrected Fuel
] time | Fuel temp | temp | arm [Torque Fuel |Torque lbs
___® RPM | sec.|fl.oz| O°F | OF in. ft-1bs HP 1bs/hnft-lbs| HP | BHP-hr
1 3/4 throttle
2l 1940l 65,41 10:5] 188 | 280 21 1150.5.] 55,6 ] 2Ya89 1555 57+4 § 4488
3l 1700 72.6 153 49,6 | '25.1 | 158 | B5l.2 § .49
4| 1410 87 152.2 | 40.9 | 20,99 157 | 42.% [ «497
5/ 1190| 103 15035 34,81 17:68 155,38 35.8 1..500
6/ 1080| 113.5 150,5 | 31 16,08 155,20 32 [ 6053
7
8 full throttle
9 2090| 54 162.8 | 6448 | 33,8 | 168 | 6649 | 4506
10 1800 60 164.,5 | 56,5 | 3044 | 169.8| 5843 | 4522
11} 1620 67 | 166,21 B51.41 80,6 17135155 L.BEL
12 1370) 79.2] 163.,7 | 42,7 | ¢ 169 L ad.d 1528
13| 1140/ 93 162,8 | 35.35 19.6 | 168 | 37.45! 4523
14 940]| 110 151 288 1 X6.6 | 1602 8947 § 4561
15
16
17
18
19
20
21
22
23
24
IR, | SO, SETESSEc) NIRRT, SSRN I STET N MUSUTRUS, (SMEMETUS, |SUSSIENG SISUGRIC /DN o =
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Figure 15
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Figure 16
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Figure 17
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Figure 18
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MLIT-232

Running Log of

-20a-

MECHANICAL ENGINEERING LABORATORY

MICHIGAN STATE COLLEGE

Intake Manifold #1 Test

Sheet No.

Table 6

Observen) _Johnson, B,A,  |_Tarometer 29.50"Hg.ate_ £=10 1951
Eeam Differential pressure from pt.B "HoO

o load

___®RPM | 1b, | 1. Sl B b ol 5. 6. 7. | 8. W -
1 141e | , ,
2| 420 0 18,26 13,2 1528 [5435 15:8 188 “185.36° 13.3 34
4 1/4 throttle _ ‘ ,
9/1835 [Z9.5 | - ¢+ - + = <+ turbulent| - | = =] = - -
6 1620 | 47 gub d4.4 150 ([4.3 1840 14X 149 14,6 o5
711400 353:5 |3:45 13:4). 1 4:0° 3.5 187 151 155  |5:6 3435
Blyigo 57 l2.6 2o 128 1.3 2.9 8.5 [2.7 I[R.7 5k
9 I . A
10/ 1/2 throttle ; ' }
11| 1590 |77 4,6 |44 16:0° 145 "[4.9 4,6 (0.8 J4.D 4,7
12/ 1430 [[75.5 |3.7 |3.9 [4.3 [3.6 [|3.9 [3.4 [3.85 |3.6 3ed
131180 172,58 | 2.8  12.65 1 3.05 12,85 J2.6 a0 2016 2.8 2455
14 | ,
15 3/4 throttle , | , _
100 1.690' 491 4.0 ‘14,2 ' 14.8 - 129  1B.9 14,0 4.2 A43 ) 5.9
111515 .190.5 18.2 138.5 14,0 13,2 1535 15:0 1386 (3.4 | 3.0
183200 189,58 12,8 12.3 129 2. 35 .18.25 18,18 12,6 1545 | 2.05 ]
19 .
20 full throttle
U700 195.5. 138 14,2 4.8 |34 8,35 052 147 144 ] BT
22 1490 [94.5 [2.6 [2.85 |3.56 |2.75 [2.5 (2.8 [|3.4 [3.15 | 2.55
2a g0 49 - laa - 11,8 FTeiss 19 106 31a8s f5u1s 2.1 . 1 1.55
24

= :Zﬁr‘f e

Remarks:

Olsen, S AL

Room temp. 74°F

e

 —

e

Over about 1700 rpm the flow was to turbulent to record

accurately. Under 1100 r
to gather accurate resul

gm the engine wcs to rough running
S
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Figure 24
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Figure 26
4 throttle
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Figure 27
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MLIT-232 =30a- Sheet No. Tabtle 7
MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE
Running Log of Inteke tonifold #1 Test

Clsen, S A

0'""“'{ Johnson, B,,, { Date__£=10 39 51
Fuel
time Viater Cil Lreke Corrected Tuel
o Ffuel temp temp arm Torgyue Fuel Toryue 1o
Z ot sec. . fl.oz OF O in. ft-lbs P 1lbs/arft-lbs P  Zii /hr
11/4 throttle | . | | |
21335 . 119 . 10.5. 165 180 . 21 6ol 24,15 1543 71le2 24435  .6ld
31c20 @ 123 82,0 5.4 . 14.3 8446 £6.15 500
41400 . 120 9346 .25.0 . 14,0 96.5 £5.75 . $04D
91130 . 142 07 £9¢4 . 12,8 10246 25403 4DLO
6 . .
71/2 +hrottle | |
81590 31 124,83 4048 . 20.5 133.9 4£.0 530
91430 89 72,0 3340 | £0.5 106.0 7.1 . 4552
101130 . 108 12648 28¢5 16430 13045 . £2435 o574
11 ” |
12 3/4 throttle ,
131690 . 69 159.2 514 2644 164.0 . 53.0 433
141515 . 73 153.3 45.7 £3.35 163.0 . 47.1 .4U6
151300 = 920 15045 2343 20425 161.2  39.95 503
16 , ‘
17 full throttle _ _ {
181700 . €3 1c7.0 U441 29,0 172.0 . 55.7 & 520
191490 . 70 165.7 47.0 2Ce0 17063 4344 JTI7
201270 81 3.5 0.5 164,0 . 3J.6 4563

21

22

23

24 .
.25
Remarks:

159.%2
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Figure 29
1/2 throttle

130

160

140

120

100

80

o7

FC

6

o2

o4

—

T00 Trm

g

e

e

"SSVIW ‘INOATOH '"00 HIdVd ¥ avd NYIIHIWY

G ot aohnath e ek e et



180
160
140
100

80

o7
FC

.6

WdHWe @ WUV

3/4 throttle

S
>

T VUV

Performance Curve

LI

'SSYW 'INOATOH "00 Hidvd ¥ avd NVOINIWY

DAY St St ACE. i DA CEne

oD
4

20

18

16

T AN v




N\,

Ll Ul€ od

full throttle

-0 aa=

180

160

140

120

100

80

o7

SHC

6

o0

-4

-+
ual

.e

e

Performance Curves

16

14

12

10

‘SSYN '3YOATOH "00 ¥advd ¥ avd NVOIHIWY

AWOIIY O3 SIS AT SNBSS AT TIY s W

700 Tom



14

>

o

-3ba-

lenifold Vocuun

.+ 1/2

pey
¢
it
-r
P
-
"

POR L,

! o T ega e

et ST

rigure 3z



MLIT-232 -363- Sheet No. Table 8

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of Full Throttle Tests

Standard and Type I Manifolds

Obsavm{ { Date , 19
1o Fuel Coriected
o Eeam | time | Fuel Torque Torque Fuel
__ _® RBRPM | load | sec. lb/hrft-lbg) HP  ft-lbs HP Qb/hphr
1/ Standard Manifold ‘Temp 76°F Barometer :£9.4"Hg.
2| 3530:] 65 | 35,5 | 51,58 113,80 76,2 | 117.5| 718:6 | 1652
3| 3190 | 75 | 3645 | 4948 | 131.2| 79.8 | 175.6| 82.4 | .605
4l 2T700. BY | 41,51 4359 | 145.2 76.6 12350 | 79.1 .| 556
Ol 2470 | 83 |45 | 40.5| 164 | 72.5 |159 | 74.8 | .542
6 2070 | 93 |51 2511 162,81 64,8 1168 | 66,4 |-533 |
7 1660 | 95 | 63 | 28,9 | 16542/ 52.6 | 1717 64.4 | 532
8 1230 | 93.5 85 21,49 163,7| 33,4 | 169 | 39,6 | +543 |
9 870 91.5 118 | 15.43 160.1] 2646 | 165.3 £7.45| 563 |
100 20 ) 88 | 144 | 12.64 154 |21.1 |159 | £1.8 ] <580
11 , | | | |
12 Type |I Manilfold | Temp 76°F  Barometer 2£9/.36"Hg,
13 3400 | 72,5 34 | 53.5| 126.9] 82.2 | 131.3 85 | .629
14 3310 756 |35 | &2 131,2 82,5 | 135,7| 85.5 | .608
15 3000 83 | 38,2 | 47,7 | 145.2/ 83 | 150.2 85.9 | .556
16 2770 | 86 | 40.5 | 44.9 | 15045/ 79.4 | 155.8 82.2 | 546
17 2600 88 | 42.4 | 43 | 154 | 76,4 |159.3 79 | .5b44
18 2370 92 | 45.6| 39.9] 161 | 72.7 | 166.7 75.3 | 530
19 2060 94 | 51.5 | 354359 164.5| 64.6 | 170.2 66.8 | 528
20 1830 95 | 5647 | 32.1| 1C6.5 58 s R - 0 O 10 0% O 5T |
21 1690 | 9645 6144 | 29,65 168,.8| 54,4 | 174.,7 56e3 | +537
22 1460 ] 95.5 71 | 25.69 167 | 46.5 | 172.8 48.1 | .534 |
29 1210 94 | 34.8| 21.49 164.5| 38 | 17042 39.3 | «546 |
24 960 | 8945 103,68 17459 156,.6 23,6 | 162 | 29,6 | 593
—20 695 ] 84 |14] 12,9 | 147 |19,4 152 | 20,1 | ,642 | | | CEOER

Remarks:
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MLIT.232 =388 = Sheet No. Table 9

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of sotoring Tegthzo

enifolcds

-

Standerd and Type T

Observm{ ,19 21
Corrected
Actual Iceal
Air Lezm Air Volumetric
] flow 1load flow TITfficiency
Z RFL  1b/hr 1b . _FHP  1lb/hr. o . A
1 Stznderd icnifold
2 70 D 10,1 .47 D36 42,7
3 ©30 13 12,2 1l.59 160,55 9,8
4 970 118 13e3 C461 47,5 3363
51420 @ IZ 1641 4,62 262.D 83,3
6 1840 407 19,1 7.1 469 - 87
72195 485  £1.3 Y9445 560 8646

82510 533  £3.7 11.82 640 83.3
9 _

10 Type I llzanifold

11 730 40 2.9 o4L

53.6 . G3.3

12 €15 126 11 1.27 187 . 30.C

13 990 227 13,3 2,0 25Z2.5 82,2

141400 316 . 15,3 4,73 357 33.5

151790 400 13 6451 438 3746

16 2200 433 20,7 9.2 5C1 . 37

175500 542 52,5 11,35 €33 35

18

19

20

21

22

23

24 . , A | _
2B

Remarks:
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MLIT-232 -40a- Sheet No. Table 10

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE

Running Log of Roed Tests

Standerd and Type T “znifolog

Cl=zen, S.A. QOlsen, 1.3,
Oboefvm{ T

Car

Speed Fuel

© time “uel miles Acceleration

" ® ITH  __sec __cc gallon time wsec. o S
1  standard Ianifold
2 0-€0 | . 13.63
3 30 120.79 160  £3.75
4 45 75,09 10  ££.15
O 60 49,33 160 19.4
7 Type I lManifold .
8 0-50 . . 13.35
9 20 120.35 180  £5,5

10 45 83,5 160  £4,65

11 60 .59.3 150 £3.,55

12

13

14

15

16

17

18

19

20

21

22

28

24

25 . e -



24
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Remarks:

MECHANICAL ENGINEERING LABORATORY
MICHIGAN STATE COLLEGE
Running Log of Ro:d Tectg Icw I'ngine

-42a-

Sheet No._Table 11

Stonderd ¢nd Tyvre I I:rnifelds

Observers “.'.':rrell, F. J.

Clsen,

[a A
N P

Tuel miles

___CC, gullon

Stancerd ..anifold

Cer Fuel
oSpeed time
_ Z 1PH _sec,
1
2 0-€¢0 _
3 20 143,5
4 50 110.9
5 40 82,5
6 50 €z.8
T 60  av.s
8 w0 37
9
10 Type I II
11 ¢-¢0
12 20 162
13 30 1:0
14 40 86,7
15 50 e
16 0 5%
17 70 | 37.4
18
19
20
21
22
23
24 .
.25 .

- 1€0

. 160

IZznifold

1¢C0
1¢0

1¢0
1c0

1lv.5

- 2l.8
. 21465

2046 .
19.6
17.0

. (10:5

2346

22,79

L cled .

20.9

S 17.2

{ Date

Acceleration
~ time-sec, o

18.6

- 1€.8

,19 o1
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SAMPLE CALCULATIONS

Dynamometer Test
Given: 216.,5 cu in, 6 c¢yl, OHV, automotive engine
driving beam load = 93 1b
motoring beam load s 21 1b
dynamometer constant s 3000
brake érm s 21 in
room temperature = 750 F
atmospheric pressure s 29,4 "Hg
fuel time = 51 see¢ for 310 ce
fuel constant = ,001628 1b/cc
measured air consumption = 440 1lb/hr @ 609 F and 14.7 psi
actual rpm = 2000
standard dry air density s ,0764 1lb/cf
negligible vapor pressure

BHP = WN = 93 x 2000 = 62 HP
3000 3000

Torque = WR = 93 x 1,75 3 162,8 ft-1b
FHP = WVE = 21 x 2000 = 14 HP

3000 3000
Fuel 1b/hr = 310ce x §_QQ_ISS.I 4991§2§_1h 2 35,7 1b/hr
51 sec
Correction factor = 29,92 ’ 5 s 1,097
29.4 460

Corrected BHP = 1,097 x 62 = €8 HP
Corrected T = 1,097 x 162.,8 = 178,33 ft-1b

4b fuel = 35,7 = ,525 1b
bhp-hr 62 bhp-hr
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=458«

Theoretical air consumption = my

my 8 216,5 cu in x 2000 rey x 60 min x 1 cf X +0764 1b
2 rev min hr 1728 cu in [
S 575 1b
t Br
Volumetric efficiency = ma x 100% = 440 x 100% 3 76.5%
my 575
Road Test

Given: actual car speed s €0 mph

fuel time = 49,38 gec for 160 ce

mpg ® 60 mileg x 1 hr x 49,38 gec x 3790 cc = 19,45 miles
hr 3600sec 160 cc gal gal



=468-

MAJOR EQUIPMENT SFECIFICATIONS
Engine -« 1949 Chevrolet
Serial Number -- GAA 81241
Six cylinder -« overhead valves
Bore and stroke - 3 1/2 x 3 3/4 in
Displacement -- 216,5 cu in

Compression ratio == 6,5 to 1

Engine -- 1948 Chevrolet
Serizl Number -- FAA 270706
Six cylinder -- overhead valves
Bore and stroke == 3 1/2 x 3 3/4 in
Displacement =« 216,5 cu in

Compression ratio =« 6,5 to 1

Dynamometer -- General Electrie
Serial Number -~ 1504076
Range «- 100 HP absorbed @ 1050 to 3500 rpm



=4738=

MANIFOLDIEG AND DISTRIEUTION

General Conditions

Before any intelligent investigation can be made of
the automotive intake menifold, it is necessary to be
concerned with some of the general conditions of the manie
folding and distribution provlem, The problem does exist
in endeavoring to achieve equality of fuel distribution to
all cylinders of the engine, That is to say that the
gasoline vapor, air, and liguid fuel phases present in the
manifold do not divide themselves equally among all of the
cylinders,

The function of the carburetor is basicly to meter
the fuel to the supply air that is drawn into the engine,
The sole purpose of the manifold is to distribute the
mixture of fuel and air without too many losses from friction,
bends, or the like, It is necessary for the manifold to
accomplish its function with a high enough flow velocity to
hold the liquid fuel in suspension, It is also necessary
to add enough heat to the mixture to obtain good fuel va-
porization, yet maintain high volumetric efficiency. There
is a definite point to reach here, depending upon whether
the engine is intended for good economy of operation or for
high power output.

The air-fuel ratios used today vary anywhere from
8 to 20 parts of air to one part of fuel, by weight. 1In

the average automobile engine, maximum power is obtained
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with an eir-fuel ratio in the vicinity of 13 to 1, and
meximum economy at wide open throttle is reached with a
ratio near 14 to 1. With the engine operating at part
throttle, economy is obtained with A-F relationships
Vvarying from 15 to 18 to 1, depending, of course, on the
actual engine speed, Naturally the engine speed and load
requirements design the mixture necessities,

In order for any engine to develop its maximum power,
gspeaking of full-throttle operation, it is necessary for
all cylinders to operate at optimum air-fuel settings
simultaneously., It is not too difficult to visualize that
if some of the cylinders are operating lean and some rich
it is impossible for the engine to develop high power,
Bad distribution characteristics of the manifold brings
about the necessity of supplying the engine with an overall
rich mixture to insure most of the cylinders getting near
the correct power mixture., An engine can operate more
readily on the rich, or power side, of the air-fuel ratio
settings, Of course, engine smoothness has to be considered
so as to not get too rich a mixture that will choke up the
already rich cylinders and induce misfiring and overall
roughness. Tests have shown that the operating air-fuel
ratios control the general knock susceptibility of the en=
gine also, From this alone the spark requirements for the
different cylinders in some engines may vary as much as

15 degrees between them, The distributor setting has to
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be retarded so that the cylinder most likely to knock will
not do so, but the one difficulty is that some fuels knock
on richer or leaner mixtures than others,

Unfortunately, no one has yet developed a carburetor
that will perfectly vaporize the fuel. The mixture of
vapor, air, and liquid particles may be homogeneous at some
locations in the manifold, and if the homogeneity could be
maintained most of the distribution problems would be solved,
A perfectly vaporized liquid, or use of a gaseous fuel,
would greatly aid the solution. However, in the actual
condition, bends in the manifold branch and the mixture
inertia throw off the balance between the various components
of the flow. Some cylinders and up rich, some lean, depending
upon the manifold conditions. A lot of effort has been
directed towards improving the distribution through addition
of heat to the mixture. It was once thought that the hotter
the manifold and carburetor air the better would be distribu-
tion. Recent tests, however, have proven that this is not
necessarily so in all cases., In any event, if the mixture
temperature is raised, torque and power drop off. This
heating will increase the volume and reduce the weight of
fuel available for combustion. The volumetric efficiency
will drop off about 1% per 10° F temperature rise at constant
spark advance, and the drop is larger if the spark is
retarded to avoid ping in any cylinder, Because of its

adverse affect on the volumetric efficiency, just enough
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heat is used to make the engine operation commercisal,

One solution to the problem of proper manifolding and
distribution would not necessarily fit for 211 conditions
of speed, load, snd mixture ratios. The need is to maintsain
homogeneity throughout all operating ranges, and distribute
the mixture equally to all cylinders. The shape of the
intake manifold branches must be so designed as to avoid any
segregation of the liquid particles from the vapor and air,
In fact, it is desirable to have a design that through one
means or another will remix any particles that have separated
out of the flow. Attempts heve Teen made et manifold designs
with emperically developed smooth curved bends to avoid
this segregation, In most cases, however, the liquid fuel
still deposits on the inner radius of the bend,

Almost all of today's in-line engines utilize siamese
intake ports; therefore, the inner cylinder usually ends up
the richer of the two., Sometimes though, the air velocity
will twist the liquid particles over to the outer radius
and they will enrichen the outer cylinder., Ethyl Corporetion
has set up an engine with a clear plastic intake manifold
and has otserved the phenomenomn to te true at various loads
and engine syeeds, It is not too difficult to see that
this one factor alone would be hard to control or correct,

It was once thought that the outer cylinder was alweys
the richer one, for the simple reeson that the very inertia

of the liquid particles themselves would force them to the
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outside on & bend., Kowever, the various parts of the
mixture are traveling down the maznifold tranches zt uneguzal
speeds. The velocity varies from & maximum at the center
of the tube to zero at tkhe walls., At the bend, centrifugal
force pushes the center portion of the mass to the outside
end ty this the slow moving sections are forced to the
inner circle. The liquid particles can separate themselvec
from a slow moving section more easily, so they drop out

on the inside and usuelly run into the inner cylinder,

Some manifolds, such as the rake type, utilize sharp
corners &s & condusive toward creating a turbulence to hold
the heavier liquid particles in suspension in the flow,
or to remix any of those that may have separated elong the
waye. It almost goes without adding, that the size of the
manifold section determines the velocity of the mixture
flowing through it. Common practice holds that the minimum
velocity tolerable is about 15 feet per second,

Along with 2 host of other items, even the firing order
of the engine affets the fuel distribution. Siamesed cy-
linders should fire at equal intervals so as to tend toward
eguel fuel distribution bvetvieen the two of them, Any
cylinder following a longer time intervzl between inductions,
naturally receives the richer miixture btecause of a greater
build up. Firing order and bends often combine their effects
to make one particular cylinder excessively rich. Thig is

especially true in an in-line six cylinder engine. 1In en
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eight cylinder engine it is not difficult to arrange the
firing order so as to counter the bend effects on distribution,
It goes without saying that a talanced cerburetor is
necessary before any accurete conclusions can be drawvn cone
cerning the problem of fuel manifolding and distribution,
Fven some slight eccentricity of the air cleaner can manifest
itself into an unbalanced condition in manifold branch
distribution. All of the factors mentioned here affect this
difficult problem of distribution, and many factors have not
yvet been segregated es such, YNo way has yet been devised
to insure & good manifold design. Much thought and work with
empericazl testing has gone toward achieving good operation,
but the concrete evidence of fact has yet to come forth

with & sure-fire method for intake manifold design.

Manifold Testing and Design
Automotive intake manifolds are tested mainly on a

basis of power and torgue as compared to another manifold,
They are always tested this way and meny proponents of the
method say that it is the most important. This euthor doubts
that stand and holds that economy is just 2s important as
any power or torque output, if not more so. In these days

of rapidly rising costs it seems that the engineers should
cease pushing power and take up the challenge of striving
for greater economy of operation in the automobile engine.

But regardless of the goal sought, the big shortcoming of
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any test is not kmowing what is going on inside the meni-
fold and this is necessary to any intelligent conclusions,.

Equality of distribution between all cylinders of the
engine is the prime considerate, At the present time there
are two main methods used to measure this equality, or
inequality, of distribution - exhaust gas analysis and spark
plug temperature measurements. Both methods are dependable,
but the first mentioned is the more rapid,

An exhaust geas anzlysis depends on a definite relation-
ship between the products of combustion and the mixture
conditions prior to combustion. A chart mzade up by A. D'Aleva
and We G, Lovell and published in the March, 1936 issue of
the SAE Journal, illustrates one such relationship. Most
commercial fuels im use today correspond closely to the
CgHj7 hydrocarbon used in this example, and the chart can
be taken to be indicative in general to 2ll, However, as
the hydrogen-carbon relation veries, so do the products of
combustion, ¥Nsturally any method of testing would not be
accurate without a hydrogen-carbon test of the fuel used
being made first, It is a tedious process to take an Orsat
analysis of the combustion process from each cylinder over
a speed range, There has been developed an automatic Orsat

sampler which will give COp and CO5 plus O, quantities in

2
15 to 30 seconds, This new equipment will also handle
leaner mixtures than some other instruments on the market

will,
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Several automatic analyzers indicate the air-fuel
ratio as the gases pass through them. They generally mcke
use of chart relationships such as mentioned before, and
measure one or more constituents of the gas. One of the
more dependable instruments of this type makes use of the
Wheatstone bridges One leg of the bridge is exposed to the
exhaust gases and the other to water-saturated air, Both
of the elements are heated to 2009 F initially and through
this the percentage of CO and Ho in the gases are measured
by their property of heat conductivity. CO has 1.6 and Hy
has 4 times the heat conductivity of air., As a concentratiomn
of these gases increases around the exhaust leg it is cooled,
This cooling lowers the resistance in the bridge leg, causing
more current to flow, which is measured on a connected gal-
vanometer which reads directly in air-fuel ratios. Unfortun-
ately this convenient apparatus operates only below 14,7 to 1
ratios -~ the theoretical point of complete combustion. Most
engines operate at part throttle on a ratio from 14 to 18
to 1, and the analyzers have proven to be of no good use for
a road-load enalysis,

The spark plug temperature measurement method of dige
tribution determinations makes a fuel-temperature fish~hook
for each cylinder, The maximum temperature point of each
fish-hook will occur et approximately the same air-fuel
ratio, and the plugs have a thermocouple at one terminal

point to meazsure this temperature. The relative order in
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which the maximum temperature is reached in each cylinder

as the total fuel delivery to the engine is changed shows
the relative distribution to each cylinder at any given fuel
rate. One disadvantage is that the method is slow, Four
or five points must be taken with different fuel deliveries
for each speed and throttle position. Manifolds have to be
checked on the road for acceleration and top speed, as well
as on the dynamometer, Distribution checks and cold start
tests are essential in both phases,

The final internal shape of a manifold can be determined
emperically by the long and tedious process of testing models
of different sizes and shapes, One company has devised a
less expensive method for this practice, They split the
manifold section and then build up or change the interior
by cutting away the metal, or adding to it with wax or solder,

The addition of heat is essential to bring the intake
manifold up to operating temperature after starting a cold
engine., The most common method of heating is to use a hot
spot between the intake and exhaust manifold, Hot exhaust
gases are directed around the intake riser by a control
velve. The velve is operated by the temperature of the
manifold or the velocity of the exhaust gases, It has been
found that the optimum full throttle operating temperature
of the fuel mixture is between 100 and 120° F, For this
reason the present hot spot arrangement has not proven too

satisfactorily., There is always too much heat when not



=568

wanted, and not enough when it is needed. The ideal
situation would be to have just enough heat supplied to the
manifold to heat up the liquid ends of the fuel -« yet
leave the vapor reasonably cool, In this manner the volue
metric efficiency could be kept up to a high level, and the
overall cool intake mixture can add to both power and economy
by the utilization of a higher compression ratio,

One motor company considered the problem of the fuel
vapor condensing out of the stream instead of remaining as
a gas. It has been stated tefore that condensate formation
is a direct function of the manifold internal surface area,
and that the velocity influences its movement, especially
at bends., It has been suggested that the manifold be de-
signed with a single division zone as ¢lose to the carburetor
as possible, In this way there is a minimum of condensate
to distribute, and any which is formed has to go to the
cylinder for which it is intended, there is no choice once
the flow 1s started., The proposal is to have the shortest
possible length of manifold branch to each cylinder, this
minimizes the area and tends to a reduction in the quantity
of condensate, With the shortest lengths, higher flow
velocities are desirable, The Hudson six-cylinder engine
has an inteke manifold of this type, In all cases the port
areas are modified to compensate for the different lengths,
Gradually increasing the velocities from the distribution
zone to valve has proven slightly beneficial, but the treat-
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ment of the port adjacent to the seat has the major effect
upon the gas flow, By designing the port in an approach

to a true venturi, the best effect is accomplished, but
this is difficult to attain, One final factor to remember
is that valve timing and the manifold areas must be matched
to tske full advantage of the ramming effect which results
from the pulsations in the intake system,

In any event one thing seems certain, namely, that a
good deal more research is necessary on induction systems,
Not 2long the well-trodden path, which is already amply
charted, but in the direction of uniflowing the current in
a practicable menner and cutting out the wasteful effects
of, as yet, comparatively uncontrolled charge column
vibraﬁiona and rebounds, and generally bad mixture distribu-

tion.
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