(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
08 March 2018 (08.03.2018)

(10) International Publication Number

WO 2018/044308 A1l

WIPO I PCT

(51) International Patent Classification: CA,CH,CL,CN,CO,CR, CU, CZ,DE, DK, DM, DO, DZ,
F02B 33/44 (2006.01) F02M 35/10 (2006.01) EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR,
(21) International Application Number: HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, KZ, LA,
PCT/US2016/049787 LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PA, PE,
(22) International Filing Date: PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, SD, SE,
31 August 2016 (31.08.2016) SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
(25) Filing Language: English UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
.. . (84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: CUMMINS INC. [US/US]; 500 Jackson GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
Street, Columbus, IN 47201 (US). UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
. TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Inventors: SPERRY, Robert, G.; 5043 S. Oakwood Dri- EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
ve, Columbus, IN 47203 (US). PARTRIDGE, Terry, D.; MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM.
4771 Winterberry Place, Columbus, IN 47201 (US). LEF- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
FLER, Steven, L.; 240 N17th Street, Vincennes, IN 47591 KM, ML, MR, NE, SN, TD, TG).
(US). TYAGI, Kartikeya; 7336 Windsor Lakes Drive, In-
dianapolis, IN 46237 (US). KULKARNI, Amit, A.; 2305 Published:
Broadmoor Lane, Columbus, IN 47203 (US). JHA, Pallav; s ,
; —  with international search report (Art. 21(3))
1030 E. Oak Street, Apt. B, Seymour, Indiana 47274 (US).
(74) Agent: BANAKAR, Kapil, U.; Faegre Baker Daniels LLP,
300 North Meridian Street, Suite 2700, Indianapolis, IN
46204 (US).
(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(54) Title: COBRA HEAD AIR INTAKE PORTS AND INTAKE MANIFOLDS

wo 2018/044308 A1 | 0K 000 T 0 0

(57) Abstract: The present disclosure provides air intake ports and/
or intake manifolds having an altered configuration to improve the
efficiency of the air intake ports, intake manifolds, and by extension,
the engine.

10

12




WO 2018/044308 PCT/US2016/049787

COBRA HEAD AIR INTAKE PORTS AND INTAKE MANIFOLDS

FIELD OF THE DISCLOSURE

[0001] The present disclosure generally relates to air intake ports and intake manifolds
for internal combustion engines and more particularly, to cobra head air intake ports and cobra

head intake manifolds coupled to an air inlet connection with improved efficiency.

BACKGROUND OF THE DISCLOSURE

[0002] An internal combustion engine includes an engine body and engine components,
such as an engine cylinder, intake manifold, and intake port(s). Air intake into the engine
cylinder determines, in part, the efficiency of an engine. One goal for an internal combustion
engine as it pertains to air intake is to bring in as much air as possible into the engine cylinder for
combustion. One challenge with air intake ports and/or intake manifolds is that they may contain
a bend and based on the configuration of the bend, the intake ports and/or intake manifolds may
be inefficient at bringing the maximum amount of air into the engine cylinder resulting in engine

inefficiencies. Improvements in air intake system efficiency are desired.

[0003] Referring to FIGs. 3 and 4, an intake portion 30 of an engine is shown. Intake
portion 30 includes cooler 32, throttle valve 34, and an elbow section 35 configured to turn and
substantially change the direction of air flow entering the inlet. As air enters cooler 32, air
moves through throttle valve 34, which serves to regulate the amount of air entering the engine,
elbow section 35 and elbow exit plane 36. Air then further proceeds to intake manifold 33,

intake runner 38, and engine cylinder 39.

[0004] Elbow section 35 has a transition from throttle valve 34 to elbow exit plane 36
and intake manifold 33 in that both the inner and outer surfaces of bend 37 includes a single
continuous turn. Elbow section 35 has a single bend 37 and has an increasing diameter
throughout elbow section 35 until it reaches elbow exit plane 36 and couples to intake manifold

33.
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SUMMARY OF THE DISCLOSURE

[0005] The present disclosure provides air intake ports and/or intake manifolds having an
altered configuration to improve the efficiency of the air intake ports, intake manifolds, and by

extension, the engine.

[0006] According to one embodiment, the present disclosure provides an intake port
comprising: a tubular member having an inlet and an outlet, the tubular member having a bend
positioned between the inlet and the outlet; the tubular member having a first axis length and a
second axis length at portions of the tubular member upstream of the bend; the tubular member
having a third axis length and a fourth axis length at the bend; and the tubular member having a
fifth axis length and a sixth axis length at portions downstream of the bend; and wherein the third
axis length is greater than the first axis length and the second axis length is greater than the

fourth axis length.

[0007] According to another embodiment, the present disclosure provides an air inlet
apparatus comprising: an elbow section having an inlet and an outlet, the outlet coupled to an
intake manifold; the elbow section including a bend having a first turn near the inlet and a
second turn near the outlet, wherein the first turn and the second turn cooperate to change a
direction of air flow through the elbow section; a substantially straight section connecting the
first turn and the second turn; a first bulge section adjacent to the first turn; and a second bulge
section adjacent to the second turn, wherein the first bulge section and the second bulge section

are configured to maintain flow uniformity and reduce pressure drop of the air flow.

[0008] According to another embodiment, the present disclosure provides an air intake
apparatus comprising: a tubular member having an inlet and an outlet, the tubular member
having a bend positioned between the inlet and the outlet; the tubular member having a first axis
length and a second axis length at portions of the tubular member upstream of the bend; the
tubular member having a third axis length and a fourth axis length at the bend; the tubular
member having a fifth axis length and a sixth axis length at portions downstream of the bend;

wherein the third axis length is greater than the first axis length and the second axis length is
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greater than the fourth axis length; the tubular member has a first cross-sectional area at a
location upstream or downstream of the bend, and a second cross-sectional area at the bend that
is substantially equal to the first cross-sectional area; an elbow section having an inlet and an
outlet, the outlet of the elbow section coupled to an intake manifold; the elbow section including
a bend having a first turn near the inlet of the elbow section and a second turn near the outlet of
the elbow section, wherein the first turn and the second turn cooperate to change a direction of
air flow through the elbow section; a substantially straight section connecting the first turn and
the second turn; a first bulge section adjacent to the first turn, and a second bulge section
adjacent to the second turn, wherein the first bulge section and the second bulge section are

configured to maintain flow uniformity and reduce pressure drop of the air flow.



WO 2018/044308 PCT/US2016/049787

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned and other features of this disclosure and the manner of
obtaining them will become more apparent and the disclosure itself will be better understood by
reference to the following description of embodiments of the present disclosure taken in

conjunction with the accompanying drawings, wherein:

[00010] FIG. 1A is a perspective view of an air intake port according to an embodiment of

the present disclosure;

[00011] FIG. 1B is a cross-sectional view of the air intake port of FIG. 1A taken along line
A-A for both before and after a bend in the air intake port;

[00012] FIG. 1C is a cross-sectional view of the air intake port of FIG. 1A taken along line
B-B at the bend of the air intake port;

[00013] FIG. 2A is a perspective view of an alternate embodiment of an air intake port

according to the present disclosure;

[00014] FIG. 2B is a cross-sectional view of the air intake port of FIG. 2A taken along line
C-C before a bend in the air intake port;

[00015] FIG. 2C is a cross-sectional view of the air intake port of FIG. 2A taken along line
D-D at the bend of the air intake port;

[00016] FIG. 2D is a cross-sectional view of the air intake port of FIG. 2A taken along
line E-E after the bend of the air intake port;

[00017] FIG. 3 is a perspective view of an air intake apparatus of an internal combustion

engine according to an embodiment of the present disclosure;

[00018] FIG. 4 is a side view of a portion of an elbow of the air intake apparatus of FIG.
3.

2
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[00019] FIG. 5A is a side view of an alternate embodiment of an elbow of the air intake

apparatus of FIG. 3 according to the present disclosure;

[00020] FIG. 5B is a rear view of the elbow of FIG. 5A;
[00021] FIG. 5C is a perspective view of the elbow of FIG. 5A;
[00022] FIG. 6A is a perspective view of an alternate embodiment of an air intake port

according to the present disclosure;

[00023] FIG. 6B is a cross-section view of the air intake port of FIG. 6A take along line F-
F before a bend in the air intake port;

[00024] FIG. 6C is a cross-sectional view of the air intake port of FIG. 6A taken along line
G-G at the bend of the air intake port; and

[00025] FIG. 6D is a cross-sectional view of the air intake port of FIG. 6A taken along
line H-H after the bend of the air intake port.

DETAILED DESCRIPTION OF EMBODIMENTS

[00026] The embodiments disclosed herein are not intended to be exhaustive or to limit
the disclosure to the precise forms disclosed in the following detailed description. Rather, the
embodiments were chosen and described so that others skilled in the art may utilize their

teachings.

[00027] Referring initially to FIGs. 1A-1C, an intake portion 10 of an engine is shown.
Intake portion 10 includes intake ports 15 which are coupled to intake manifold 12 and engine
cylinder 14. In the illustrated embodiment, intake port 15 includes a bend 17 between intake
manifold 12 and engine cylinder 14. During operation of the engine, air moves from intake
manifold 12, through intake ports 15, through bend 17, and into engine cylinder 14. The air is

then routed out of engine cylinder 14 as exhaust after combustion.
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[00028] In the illustrated embodiment, intake port 15 between intake manifold 12 and
bend 17 has a circular cross-section as shown in FIG. 1B. The fixed diameter of the circular
cross-section can be viewed as including a first axis of symmetry having an axis length 16 and a
second axis of symmetry having an axis length 11. At bend 17, intake port 15 has a cross-
sectional area of an ellipse or ovoid with a first axis of symmetry (i.e., the major axis) having an
axis length 18 (FIG. 1C), which is larger than first axis length 16, and a second axis of symmetry
(i.e., the minor axis) having an axis length 13 (FIG. 1C), which is smaller than second axis length
11. Between bend 17 and cylinder 14, intake port 15 returns to its circular cross-section with a
first axis length and a second axis length that are substantially equal to axis lengths 16, 11 of
FIG. 1IB. In an alternate embodiment, the axis lengths of intake port 15 upstream and

downstream of bend 17 are not substantially equal to each other.

[00029] While the axis lengths of intake port 15 change at certain points of intake port 15,
the cross-sectional area throughout intake port 15 either remains substantially constant or slightly
decreases as intake port 15 extends to engine cylinder 14. To maintain the cross-sectional area
throughout intake port 15, the first axis length of intake port 15 varies in an inverse relationship
with the second axis length of intake port 15 - as the first axis length of intake port 15 increases,
there is a reduction of the second axis length. At bend 17, intake port 15 has a second axis
length 13 which is smaller than second axis length 11 (FIG. 1B) positioned at other portions of
intake port 15 that are either upstream or downstream of bend 17. The variations in axis lengths

of intake port 15 result in an intake port 15 that forms a “cobra-head” shape at bend 17.

[00030] As air is brought into the system during operation, air moves along the path of
least resistance. In the case of an intake port with a bend, air wants to move through the intake
port immediately adjacent to the inner or lower surface of the bend because it is the shortest path

to the engine cylinder, i.e., the path of least resistance.

[00031] As explained above, with the “cobra head” configuration as described in FIGs.
1A-1C, the increased first axis length 18 and reduced second axis length 13 at bend 17 result in
an elliptical cross-section as compared to a circular cross-section which exists upstream and

downstream of bend 17. By having an elliptical cross-section instead of a circular cross-section,
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the lower surface of bend 17 is laterally extended; thereby, increasing the surface area
immediately adjacent to the lower surface of bend 17. With the increased surface area at this
location, a greater amount of air can move through intake port 15 immediately adjacent to the
lower surface of bend 17. Additionally, because the second axis length 13 of intake port 15 is
smaller at bend 17 (to maintain a constant cross-sectional area through intake port 15), a greater
portion of the cross-sectional area of intake port 15 is closer to the lower surface of bend 17.
This permits a greater amount of air per unit area to move through intake port 15 adjacent to the
lower surface of bend 17 with a lower pressure loss when compared with upper portions of an
intake port with a circular cross-section at bend 17. By having more air move through intake

port 15 and into cylinder 14, a more efficient air intake port 15 is provided.

[00032] Referring now to FIGs. 2A-2D, an alternate embodiment of an intake portion 20
is shown. Intake portion 20 includes intake ports 25 which are coupled to intake manifold 12 and
engine cylinder 14. Like intake port 15, intake port 25 includes a bend 17 between intake

manifold 12 and engine cylinder 14.

[00033] In the illustrated embodiment, between intake manifold 12 and bend 17, intake
port 25 has a square cross-section with a first axis length 26 and an equal, second axis length 21
as shown in FIG. 2B. At bend 17, intake port 25 has a substantially rectangular cross-section
with a first axis length 28 (FIG. 2C), which is larger than first axis length 26 of the square cross-
section portion of intake port 25, and a second axis length 23, which is smaller than second axis
length 21. In the illustrated embodiment, the rectangular cross section of intake port 25 has
rounded corners. Between bend 17 and cylinder 14, intake port 25 returns to a circular cross-
section as shown in FIG. 2D with a first axis length 16A, which is smaller than first axis length
28, and a second axis length 11A, which is larger than second axis length 23. In one exemplary
embodiment, axis lengths 16A, 11A are substantially equal to axis lengths 16, 11 of FIG. 1B. In
an alternate embodiment, the axis lengths of intake port 25 upstream and downstream of bend 17
are substantially equal to each other. In a further alternate embodiment, the axis lengths of

intake port 25 upstream and downstream of bend 17 are not substantially equal to each other.
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[00034] While the axis lengths of intake port 25 changes at certain points of intake port
25, the cross-sectional area throughout intake port 25 either remains substantially constant or
slightly decreases as intake port 25 extends to engine cylinder 14. To maintain the cross-
sectional area throughout intake port 25, the first axis length of intake port 25 varies in an inverse
relationship with the second axis length of intake port 25 — as the first axis length of intake port
25 increases, there is a reduction of the second axis length. At bend 17, intake port 25 has a
second axis length 23 which is smaller than second axis length 21 (FIG. 2A) and second axis
length 11A (FIG. 2D), which are located at portions of intake port 25 that are either upstream or
downstream of bend 17. The variations in axis lengths of intake port 25 result in a rectangular

“cobra-head” shaped intake port 25 at bend 17.

[00035] As mentioned earlier, as air is brought into the system during operation, air wants
to move along the path of least resistance. In the case of an intake port with a bend, air wants to
move through the intake port adjacent to the inner or lower surface of the bend because it is the
shortest path to the engine cylinder, i.e., the path of least resistance. With the “rectangular cobra
head” configuration as described in FIGs. 2, 2A, and 2B, the increased first axis length 28 and
reduced second axis length 23 at bend 17 result in a substantially rectangular cross-section as
compared to a square and circular cross-section which exists upstream and downstream of bend
17, respectively. By having a rectangular cross-section instead of a square cross-section, the
lower surface of bend 17 is extended; thereby, increasing the surface area adjacent to the lower
surface of bend 17. With the increased surface area at this location, a greater amount of air can
move through intake port 25 adjacent to the lower surface of bend 17. Additionally, because the
second axis length 23 of intake port 25 is lower at bend 17 (to maintain a constant cross-sectional
area through intake port 25), a greater portion of the cross-sectional area of intake port 25 is
closer to the lower surface of bend 17. This permits a greater amount of air per unit area to be
closer to bend 17 and move through intake port 25 adjacent to the lower surface of bend 17
without experiencing a larger pressure loss as occurs with upper portions of an intake port with a
square cross-section at bend 17. By having more air move through intake port 25 and into

cylinder 14, a more efficient air intake port 15 is provided.



WO 2018/044308 PCT/US2016/049787

[00036] Another feature of the cobra-head configuration of FIGs. 1A-1C and 2A-2D is
that the intake ports 15, 25 are flexible in design. Intake ports 15 and 25 are able to wrap around
other parts of the engine if needed due to spatial limitations without sacrificing performance and
maintaining cross-sectional area. For example, an intake port 55 with a cross sectional area as
shown in FIGs. 6A-6D may be necessary when spatial limitations exist within the engine. Intake
port 55, which is coupled to intake manifold 12 and engine cylinder 14, has a non-symmetrical
cross-sectional area (with axis length 56 and axis length 51) upstream of bend 57 as shown in
FIG. 6B while having an elliptical cross-section (with axis length 58 and axis length 53) at bend
57 and a circular cross-section (with axis length 16B and axis length 11B) similar to intake ports
15 and 25) downstream of bend 57. Like intake ports 15 and 25, intake port 55 substantially
maintains its cross-sectional area throughout the entirety of intake port 55; thereby, still reaping

the benefits of the configurations of intake ports 15 and 25.

[00037] Referring now to FIGs. SA-5C, an elbow section 45 for an intake portion 40 of an
engine is shown. Intake portion 40 includes cooler 32, throttle valve 34, elbow exit plane 36,
and intake manifold 33. In one exemplary embodiment, elbow section 45 is coupled to intake

manifold 33. In an alternate embodiment, elbow section 45 is integrally formed with intake

manifold 33.

[00038] Elbow section 45 is configured to turn and substantially change the direction of
air flow entering from cooler 32 while maintaining flow uniformity and reducing fluid pressure
drop through elbow exit plane 36. Elbow section 45 includes a bend 47, and elbow section 45
includes a “cobra head” configuration along an outer surface of bend 47, similar to what is
shown in FIGS. 1A-1C and 2A-2D. Additionally, the outer surface of bend 47 includes two
distinct turns 47A, 47B with a substantially straight section therebetween due to the cobra-head

like configuration and bulges, as described in further detail below.

[00039] As air moves from throttle valve 34 towards intake manifold 33, air moves
through elbow section 45. In the illustrated embodiment, at first turn 47A, elbow section 45 has
a substantially circular cross-section with a first axis length 46. As air moves to a substantially

straight portion of bend 47 of elbow section 45, elbow section 45 has a substantially elliptical
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cross-sectional area with a first axis length 48, which is larger than first axis length 46. As air
moves into second turn 47B, the cross-sectional area of elbow section 45 returns to a circle with
a first axis length 49, which is larger than first axis length 46. In an alternate embodiment, the
axis lengths of elbow section 45 upstream and downstream of bend 47 are substantially equal to

each other. After second turn 47B, air moves through exit plane 36 and into intake manifold 33.

[00040] While the first axis lengths of elbow section 45 change at certain points along the
susbstantially straight portion of elbow section 45, the second axis lengths (not shown), which
span the distance between the inner and outer surfaces of bend 47, along bend 47 either remain
substantially constant or become slightly smaller along the substantially straight portion of elbow
section 45. The variations in axis lengths of elbow section 45 result in a “cobra head” shaped

elbow section 45 at the substantially straight portion of bend 47.

[00041] As mentioned earlier, with respect to FIGS. 1A-1C and 2A-2D, the “cobra head”
configuration increases the surface area adjacent to the lower surface of bend 47 so that a greater
amount of air can move through elbow section 45 adjacent to bend 47. Also, since the height of
elbow section 45 is constant or reduced at bend 47, a greater portion of the cross-sectional area
of elbow section 45 is closer to the lower surface of bend 47. This allows a greater amount of air
per unit area to move through elbow 45 adjacent to bend 47 without experiencing a pressure loss
that would occur if the height is increased at bend 47. By having more air move through elbow

section 45 and into intake manifold 33, a more efficient elbow is provided.

[00042] Elbow section 45 also includes an upper bulge 42 positioned substantially
adjacent throttle valve 34 and a lower bulge 44 positioned adjacent elbow exit plane 36 and
intake manifold 33. In an alternate embodiment, only an upper bulge 42 may be used. In a

further alternate embodiment, only a lower bulge 44 may be used.

[00043] Upper bulge 42 and lower bulge 44 are strategically placed where a majority of
air flow is turned within elbow section 45 — at turns 47A, 47B. The bulges 42, 44 provide an

increase in area within elbow section 45 and serve to reduce the speed of air flow through turns

10
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47A, 47B. The reduction in air flow speed allows the air to move through turns 47A, 47B

without experiencing a large pressure loss, which improves flow uniformity.

[00044] As mentioned earlier, elbow section 45 is configured to turn and substantially
change the direction of air flow entering from cooler 32 while improving flow uniformity and
reducing fluid pressure drop through turns 47A and 47B. Due to the presence of throttle valve
34 upstream of elbow section 45, there are two distinct regions of high velocity flow streams -
one following first turn 47A and the other following the substantially straight section leading into
second turn 47B. The high velocity regions contribute to a non-uniform flow distribution at exit
plane 36. Elbow section 45 mitigates the high velocity flow of air after turn 47A and after the
substantially straight section of elbow section 45 by expanding the second axis lengths at first
turn 47A and second turn 47B. By diffusing high velocity flow through elbow section 45, flow

uniformity is improved.

[00045] Elbow section 45 substantially changes the direction of the inlet flow of air with a
lower pressure loss and better flow distribution. The combination of second axis length
expansion at turns 47A, 47B and the strategic placement of bulges 42, 44 at turns 47A, 47B,
respectively, result in a higher flow uniformity for inlet air flow. An improvement in flow
uniformity reduces the recirculation of charge in the log, which in turn, helps with lowering both
pressure drop and cylinder-to-cylinder variation of the non-dimensional swirl number. It also
helps reduce the cylinder-to-cylinder combustion variance overall and promotes even breathing

of the downstream engine cylinders.

[000406] Flow uniformity varies between O and 1. A flow uniformity value of 0 at exit
plane 36 means that all the flow is moving away from exit plane 36 while a flow uniformity
value of 1 at exit plane 36 means that all the flow is moving through exit plane 36 and normal to
exit plane 36 in the direction of intake manifold 33. Additionally, with a flow uniformity value
of 1, the flow at any point on plane 36 has the same velocity. In one exemplary embodiment, the
average flow uniformity of intake portion 40 with upper bulge 42 and lower bulge 44 is 0.864
and the pressure drop is 17.28kPa.

11
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[00047] Various modifications and additions can be made to the exemplary embodiments
discussed without departing from the scope of the present invention. For example, while the
embodiments described above refer to particular features, the scope of this invention also
includes embodiments having different combinations of features and embodiments that do not
include all of the described features. Accordingly, the scope of the present invention is intended
to embrace all such alternatives, modifications, and variations as fall within the scope of the

claims, together with all equivalents thereof.

12
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CLAIMS

1. An intake port comprising:
a tubular member having an inlet and an outlet, the tubular member having a bend
positioned between the inlet and the outlet;
the tubular member having a first axis length and a second axis length at portions of the
tubular member upstream of the bend;
the tubular member having a third axis length and a fourth axis length at the bend;
and
the tubular member having a fifth axis length and a sixth axis length at portions
downstream of the bend; and
wherein the third axis length is greater than the first axis length and the second

axis length is greater than the fourth axis length.
2. The intake port of claim 1, wherein the tubular member has a first cross-sectional area at
a location upstream or downstream of the bend, and a second cross-sectional area at the bend that

is substantially equal to the first cross-sectional area.

3. The intake port of claim 2, wherein the first cross-sectional area is a circle and the second

cross-sectional area is substantially elliptical.

4. The apparatus of claim 3, further comprising a third cross-sectional area downstream of
the bend, wherein the third cross-sectional area is substantially equal to the first cross-sectional
area and the second cross-sectional area.

5. The apparatus of claim 4, wherein the third cross-sectional area is a circle.

6. The apparatus of claim 2, wherein the first cross-sectional area is a square and the second

cross-sectional area is substantially rectangular.

13
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7. The apparatus of claim 6, further comprising a third cross-sectional area downstream of
the bend, wherein the third cross-sectional area is substantially equal to the first cross-sectional

area and the second cross-sectional area.

8. The apparatus of claim 7, wherein the third cross-sectional area is a circle.

9. An air inlet apparatus comprising:
an elbow section having an inlet and an outlet, the outlet coupled to an intake manifold,;
the elbow section including a bend having a first turn near the inlet and a second turn
near the outlet, wherein the first turn and the second turn cooperate to change a direction of air
flow through the elbow section;
a substantially straight section connecting the first turn and the second turn;
a first bulge section adjacent to the first turn; and
a second bulge section adjacent to the second turn, wherein the first bulge section
and the second bulge section are configured to maintain flow uniformity and reduce pressure

drop of the air flow.

10.  The apparatus of claim 9, wherein the first turn and the second turn cooperate to change

the direction of the air flow by approximately 180 degrees.

11.  The apparatus of claim 9, wherein the elbow section further includes:
a first axis length and a second axis length at the first turn;
a third axis length and a fourth axis length at the bend; and
a fifth axis length and a sixth axis length at the second turn;
wherein the first axis length and the fifth axis length are less than the third axis
length and the second axis length and the sixth axis length are greater than the fourth axis length.

14
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12. The apparatus of claim 9, further comprising an air inlet and a throttle coupled to the inlet

of the elbow section.

13.  The apparatus of claim 12, wherein the intake manifold is coupled to an intake port and

an engine cylinder.

14. An air intake apparatus comprising:
a tubular member having an inlet and an outlet, the tubular member having a bend
positioned between the inlet and the outlet;
the tubular member having a first axis length and a second axis length at portions of the
tubular member upstream of the bend;
the tubular member having a third axis length and a fourth axis length at the bend;
the tubular member having a fifth axis length and a sixth axis length at portions
downstream of the bend;
wherein the third axis length is greater than the first axis length and the second
axis length is greater than the fourth axis length;
the tubular member has a first cross-sectional area at a location upstream or downstream
of the bend, and a second cross-sectional area at the bend that is substantially equal to the first
cross-sectional area;
an elbow section having an inlet and an outlet, the outlet of the elbow section coupled to
an intake manifold;
the elbow section including a bend having a first turn near the inlet of the elbow section
and a second turn near the outlet of the elbow section, wherein the first turn and the second turn
cooperate to change a direction of air flow through the elbow section;
a substantially straight section connecting the first turn and the second turn;
a first bulge section adjacent to the first turn; and
a second bulge section adjacent to the second turn, wherein the first bulge section
and the second bulge section are configured to maintain flow uniformity and reduce pressure

drop of the air flow.

15
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15.  The apparatus of claim 14, further comprising a third cross-sectional area downstream of
the bend, wherein the third cross-sectional area is substantially equal to the first cross-sectional

area and the second cross-sectional area.

16. The method of claim 15, wherein the first cross-sectional area is a circle and the second

cross-sectional area is substantially elliptical.

17.  The apparatus of claim 16, wherein the third cross-sectional area is a circle.

18. The method of claim 14, the first cross-sectional area is a square and the second cross-

sectional area is substantially rectangular.

19.  The apparatus of claim 19, wherein the third cross-sectional area is a circle.

16
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