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Abstract: Throttle body (TB) is a component that regulates air intake for internal combustion
engines (ICE). The butterfly valve TB (BTB) is commonly used in most ICE vehicles. Previous
researchers have discussed the issues of air turbulence and pressure loss caused by the butterfly
valve. To address these issues, a new TB design, the Dual Plate Slider TB (DPSTB), was proposed
to eliminate obstructions at wide open throttle (WOT) and maximize the TB bore opening. This
study aims to compare the bore opening areas of the BTB and DPSTB. Mathematical analysis was
validated using a TB model created with SolidWorks software. The BTB was analyzed at six
different opening angles, while the DPSTB was examined at six different opening distances. Results
show that the DPSTB provides a larger opening area in every condition observed, with no airflow
obstruction at WOT. The opening area increased by 8.3, 3.5, 2.3, 1.7, 1.3, and 1.3 times respectively
for valve opening conditions 1-6. These findings could inspire TB designers to explore new TB
design packages for future ICE applications.
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1. Introduction

In the realm of automotive technology, the air intake
system for Internal Combustion Engines (ICE) employs
valves to ensure the optimal amount of air is delivered to
the ICE, thereby enhancing engine performance [1] and
reducing vehicle emissions [2], [3]. Numerous research
investigations have been conducted in this area, as
highlighted in the review articles by Tahiruddin et al.
[4]and Ashok et al. [5]. The majority of researchers have

focused their studies on the Butterfly Throttle Body
(BTB) concept, given its widespread use in passenger
vehicles. The BTB is favored in passenger vehicles due
to its simple structure and cost-effectiveness in
manufacturing.

However, the concept of the gate valve TB, also
known as Slider TB (STB), has been introduced
specifically for high-speed vehicles [6], [7] and aircraft
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[8]. STB is particularly advantageous for racing vehicles,
as it operates predominantly at full engine load, offering
unobstructed airflow at wide open throttle (WOT),
thereby ensuring better airflow for combustion in the ICE
[9], [10]. This concept was devised with the aim of
maximizing air intake to achieve optimal combustion
power [11].

The regulation of airflow across TB is commonly
based on the valve opening area, allowing air to pass
through to the ICE. Computational Fluid Dynamics
(CFD) analysis aids researchers in comprehending
airflow characteristics across TB, leading to proposed
enhancements in various aspects [12], [13], [14].
Alternatively, mathematical analysis of the valve
opening area can provide insights into valve opening
characteristics that impact flow, potentially inspiring new
TB design concepts.

Therefore, this study will encompass the following:
First, both TB concepts, BTB, and Dual Plate Slider TB
(DPSTB), were modelled using SolidWorks software.
Second, the opening area for BTB and DPSTB was
observed under six opening conditions and analysed
using mathematical analysis, with the comparison
presented in this study.

2. Modeling the BTB

Fig. 1 illustrates the BTB, which features a throttle
bore cavity with a valve plate and shaft positioned in the
centre of the bore. The plate's rotation controls the
amount of air passing through the TB to the ICE. The
valve opening area was measured at six different angles:
15°, 30°, 45°, 60°, 75°, and 90°. The 15° opening is
considered the idle position, representing the minimum
opening and a fail-safe closed condition in case of
operation failure due to issues with the DC motor or
gears [15]. The angles from 30° to 75° represent partial
throttle openings, while maximum airflow is achieved at
the 90° opening, known as WOT.

Throttle bore
_~~ cavitation
y
Butterfly vaive

plate -

7
Butterfly vaive
shaft

Fig. 1: Butterfly based electronic TB
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In this study, a BTB with a 60 mm bore diameter and
a valve plate thickness of 2 mm [16] was modelled using
SolidWorks software to calculate the valve opening area
through mathematical analysis. The model will be
examined from the front view, focusing solely on the
valve and the TB bore cavity. A mathematical approach
will be used to determine the valve opening area. The
parameters involved in the BTB model are area of valve
plate, 4. and area of valve opening 4., as shown in Fig.
2.

Area of valve
plate, 4.

\

Area of valve
opening, A

Fig. 2: Parameter observe from butterfly TB

2.1 Area of opening for BTB

From Fig.2, area of valve opening (A.) is given as

Ac = Apore — Ae oY)
where,

Apore = Area of TB bore cavitation
A = Area of valve plate

Area of valve plate is equal to the area of ellipse as the
butterfly plate formed an ellipse shape at the angle of
front view. Ellipse consists of major axis () and minor
axis (x) as shown in Fig. 3.

Major axis, y

Area of plate = Area
of ellipse, A

Fig. 3: Parameter of ellipse in BTB
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Referring to Fig. 3, Area of ellipse (A.) is given as

A, = mab (@)
where,

a = length at major axis

b = length at minor axis

To calculate the area of opening for BTB, SolidWorks
measure tool was utilised to obtain the parameter needed
from the model. Fig. 4 shows the measuring process done
to BTB model with 15° angle of opening. Ellipse minor
axis length of 58.47mm recorded from the model and
formula of area for ellipse were adapted to calculate area
of valve plate, A4..

Fig. 4: Measuring the distance of plate opening using
tools in SolidWorks

Area of TB bore cavitation Ay is shown in Fig. 5,
whereby the area is equal to the area of a full circle with
radius, ris 30mm.

Area of TB
bore cavitation,
A‘!'l-.hu'e

Fig. 5: Parameter of area for TB bore cavitation

Referring to Fig. 4, Area of TB bore cavitation (A pore)
is given as

Apore = r? 3)
where,

r = radius of TB bore
Thus, area of valve opening (4.) was calculated by
utilizing formula (1), (2), and (3) and this mathematical

3
Published by MBOT Publishing
https://jetia.mbot.org.my/index.php/jetia/index

analysis was repeated to calculate area of plate opening
at angle of 30°, 45°, 60°, and 75°.

As for the valve opening angle of 90°, the valve is in
WOT and from the front view it is observe that the arca
of the butterfly shaft can be calculated using the formula
of trapezium area where it consists of base (at), base (bt)
and height (hz) as shows in Fig. 6. A very small area of
curve at the shaft was assume to be zero as it is too small.

BTE shaft

Fig. 6: Parameter of trapezium in BTB

Referring to Fig. 6, Area of trapezium (Asapezium) 18
given as

1
ATrapezium = E (at + bt)ht (4)
where,
at = upper base length
bt = lower base length
ht = height of trapezium

From the SolidWorks model, butterfly shaft diameter
was known to be 10 mm in thickness and butterfly shaft
area was identified to be approximately similar to the
area of two trapezium with the trapezium height of 5 mm
as shown in Fig. 7.

2 Trapezium

B shape

Smm

Fig. 7: Two trapezium is the area of the butterfly
shaft
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Table 1 shows the findings on area calculated for each
degree of throttle rotation observed in this study. At the
angle of 15°, BTB was in the idle condition with area of
opening 72.10mm?. It is obvious that area of throttle plate
decreases with respect to the angle rotation resulting in
bigger area of opening on throttle bore, allowing more air
to pass through the TB. Maximum airflow through TB
was recorded at 90° angle with 2231.63mm? area of
opening.

Table 1. Area opening on each degree rotation.

Areaof  Angleof  Areaof Area of
Throttle  rotation throttle opening, A,
Bore, (degree)  plate, A, (mm?)
Apore [[12 (mm?)
(mm?)
15 2755.33 72.10
30 2495.68 331.75
45 2065.91 761.52
282743 4 1495.24 1329.64
75 822.78 1982.71
90 595.80 2231.63

3. Modeling the DPSTB

As for the DPSTB, Fig. 8 shows the DPSTB concept
proposed in this study. This concept employed two
valves plate. The valve plates will slide in a opposite
direction to each other creating a centre opening at the
throttle bore cavitation allowing air to flow into ICE.
Parameter involved is shown as the area of valve plate,
Apiaenrsts , Area of valve opening, Acppsrs, and Area of
TB Bore cavitation, Aporenpsrs

Area of valve

Slide direction  Plate. Asi=prste Slide direction
4 Y

Valve Valve

plate 1 plate 2
Area of TB bore Area of valve
cavitation, opening, Acprss
AserepPsTE

Fig. 8: Cross section of DPSTB opening

Using SolidWorks software, plate travel was assigned
to six different opening distance of 5Smm, 10mm, 15mm,
20mm, 25mm, and 30mm. Maximum plate travel of

4
Published by MBOT Publishing
https://jetia.mbot.org.my/index.php/jetia/index

30mm was the WOT condition on the DPSTB which is
also equal to the radius of throttle bore cavitation and 0;
is the angle projected by the plate movement. Fig. 9
shows the parameter involve to obtain DPSTB area of
valve opening which are area of sector A, area of triangle
Ariangle, and area of valve plate A prsra.

Area of sector, AS\

Area of tnangle, Az

Il

Area of valve plate, Apmeprers

Fig. 9: Parameter observe in DPSTB

3.1 Area of opening for DPSTB

Referring to Fig. 9, mathematical analysis was
performed to calculate both side of right and left throttle
plates. Due to the symmetrical shape, calculating one
side of throttle plate and multiply by two will manage to
get both the plates area. Area of one valve plate
(Apiarenpsts) s given as

AplateDPSTB = Asector - Atriangle (5)

where,

Asecior = Area of sector at angle 0
Ariangle = Area of valve opening in triangle
shape

To identify the Area of sector (Asecwor), manipulated
angle 6 and manipulated distance (a,,) was obtain from
SolidWorks model and radius of throttle bore, (R, was
known to be 30mm. Fig. 10 shows the parameter
involves in findings the area of opening for DPSTB.
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Area of triangle, Az

Rez

Area of sector at Bp. Asean

Fig. 10: Parameter involves in calculation of area for
DPSTB

Referring to Fig. 10, area of sector (Asector) 1S given as

(6)
Asector = ﬁnrz
where,
6, = Sector angle
r = Radius of TB bore, Resr

To define the sector angle (0;), the formula is given as

95 = COS_1 am (7)
Reyr

where,
am =
Rey

Manipulated distance
Radius of TB bore

Area of triangle (Agiangle) Was determined by obtaining
the height of triangle that also known as manipulated
distance (ax) and length of triangle side (,), and angle of
the triangle, 6,, as shown in Fig. 11.

Fig. 11: Parameter of triangle in area of DPSTB

Referring to Fig. 11, area of triangle (Atianglc) 1S given
as

®)

Atriangle = Eambt
where,
5
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an = Height of triangle / manipulated distance
b;= Length of side triangle

For the length of side triangle b, is calculated by using
the Theorem Pythagoras formula as given

[ 9
b, = (Reff)2 — (ap)? ©

where,
Rey = Radius of TB bore
an = Height of triangle / manipulated distance

SolidWorks measure was utilised to ensure the plate
opening according to desired distance. Fig. 12 shows
Smm distance opening of the DPSTB plate set using
SolidWorks. Each plate is set to opened at similar
distance.

Fig. 12: Measuring process of Smm opening distance
for DPSTB

The calculation was done to obtain area of bore
opening at plate travel distance of 5 mm, 10 mm, 15 mm,
20 mm, 25 mm and 30 mm. Table 2 shows the findings
on each distance opening observed in this study. It is
shown that maximum opening at WOT was calculated to
be similar with the area of DPSTB bore which is 2827.43

mm?.

Table 2. Area of opening for DPSTB.

Area of Throttle Bore Area of
Throttle plate travel opening opening, C
Bore, A distance distance (mm?)
[ (mm?)  (mm) (mm)
5 10 597.23
10 20 1177.27
2827.43 15 30 1721.87
20 40 2207.89
25 50 2602.27
30 60 2827.43

4. Comparison on area of opening for BTB and
DPSTB

Table 3 shows the comparison of bore opening area for
BTB and DPSTB concept examine in this study. Cross
section for the valves opening was shown in detail for
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each condition. BTB opening at WOT was only
2231.63mm? which was 595.8mm? less, compared to
total area of bore opening which is 2827.43mm?. This
was due to the butterfly shaft existence at the centre of
the TB bore.

Table 3. Comparison on valves area of opening.

Dual plate Slider

Butterfly TB TB
(0]
I~ 5 2 5 S
.9 2 o
=z « B < g 5 5
9 on (0] on o ] =)
h= g - g —_ o - S~
hoj o A ~ o = @ E Q
=] 1) Z o & < £ & S E
o, o =
S & & SE =E& S gE
1 15 . 72.10 10 I] 597.23

20 [l 17727
0 [l 28

2 30 O 331.75

3045 @ 761.52
4 60 @ 132964 40 [ 2207

5 75 (D 198271 50 [ 2602.27
6 90 @ 223163 60 “ 2827.43

For the DPSTB concept, solid amount of 2827.43 mm?
area opening was obtained at WOT. No obstruction at
WOT as the throttle plate slide to side of the throttle bore.
Each throttle plates will travel at the half distance of bore
diameter to achieve this condition creating a centre
throttle opening that will result in maximum air flow
travel at the highest speed into the ICE as shown in Fig.
13. Velocity of the flow was at maximum speed on the
centre of the cross section [17][18]. Thus, DPSTB
concept will benefit the ICE intake system as the airflow
entering combustion chamber without any obstruction
and at the maximum velocity.

Va=

Fig. 13: Theory of flow in round pipe [17]

Fig. 14 shows the result of the comparison on area of

6

opening for BTB and DPSTB. DPSTB offers better
opening area compared to BTB which is 8.3,3.5,2.3, 1.7,
1.3, and 1.3 times more opening area respectively for
condition 1-6 observes in this study.

COMPARISON ON AREA OF OPENING
FOR BTB AND DPSTB

- Butterfly TB (BTB) ~{@—Dual plate Slider T8 (DPSTB)
13
2602.27

3000

2500

2000

1500

1000

AREA OF OPENING (MM?)
v
=3
S

VALVE OPENING CONDITION

Fig. 14: Graph area of opening vs valve opening
condition

5. Conclusion

Results shown that DPSTB offers bigger area of
opening compared to BTB at each valve opening
condition. Butterfly shaft existence at the centre of BTB
bore was recognised as the reason of this findings. The
originality of DPSTB was adapting centre flow opening
concept to TB operation which was significant as various
researchers explores the idea of centre opening TB
concept [[19], [20], [21], [22]. For future study, further
effort on development of DPSTB prototype is suggested
to allow observation on the operation and characteristics
of the DPSTB concept.
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