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Abstract

To maintain the vehicle speed in a proper range, the commercial vehicle needs to brake frequently
on a downhill path. The drum brake system of the medium- and heavy-duty commercial vehicles
often faces the danger of brake fade, which reduces brake efficiency or even causes braking failure.
They are critical potential risks on the road.

The kinetic energy is transferred into thermal energy during the braking process. The tempera-
ture rises dramatically during the braking process due to the massive thermal energy caused by the
huge mass of the commercial vehicle. The brake efficiency and the life of the brake drum will decrease
with the rising temperature. A malfunction of the brake system may occur if the drum brake is
overheated. To improve the cooling efficiency of the drum brake, a forced-air cooling system driven
by the air compressor in the diesel is designed for the drum brake system after the analysis of its
thermal model. A computational fluid dynamics (CFD) model is established and modified after
comparison with the test result. Based on this modified model, the parameters of this system are
optimized through adaptive particle swarm optimization (APSO).

This optimized forced-air cooling system decreases the maximum temperature of the brake
system from 291.9°C to 200°C under the most critical work condition. It allows the commercial
vehicle to operate in a safer situation with a lighter weight compared to the current water
cooling system.
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Introduction

_|_he braking performance of a vehicle has a crucial

impact on vehicle safety. To make sure a vehicle can

stop as the driver intended, the brake system is required
to transform large amounts of kinetic energy into heat over
very short periods, especially for medium- and heavy-duty
commercial vehicles. During the braking process, all parts of
the foundation brake need to resist the high temperature, steep
temperature gradients, and substantial thermal stresses.
Overheat of the brake system causes noise, brake fade, or even
malfunction [1]. Despite the mechanical loading, friction
force, and rotational stresses, the most critical design param-
eters of the system relate to thermal loads. Therefore, a lower
temperature rise of the brake system can lightweight the whole
system and improve vehicle safety.

Alot of researches have been done to analyze the thermal
load of the brake system. Yang et al. provided an inverse algo-
rithm based on the conjugate gradient method, and the
discrepancy principle is applied to estimate the unknown
space- and time-dependent heat flux of the disc in a disc brake
system from the knowledge of temperature measurements
taken within the disc [2]. Singh et al. and Mule et al. investi-
gated the thermal failure of the drum and disc brake system
by finite element analysis (FEA), respectively [3, 4]. The
predicted temperature is validated by the experiments in their
researches. The computational fluid dynamics (CFD) model
is also widely used in the analysis of the brake system; earlier
researchers ignore the influence of tires [5, 6]. The error
between the simulation and test result ranges from 5% to 20%.
The tire is taken into consideration in other researches.
Bhambare et al. established a CFD model to analyze the disc
brake system [7]. Travaglia et al. analyzed the unsteady heat
dissipation process of a truck by a CFD model; the results are
validated by an experimental test [8]. Shah and Patidar
compared the performance of the disc and drum brake in a
commercial vehicle [9]. Mahammad et al. developed a CFD
model to predict the temperature of the disc brake and a FEM
model to analyze the thermal coning of it [10]. The error
between the simulated temperature and test result is narrowed
t0 2.7%. According to the current research, FEM and CFD are
effective methods to analyze the thermal problems of the
brake system. Normally, the FEM is used to analyze the gener-
ating process of the thermal energy, it focuses on the structure
of the brake system, and the CFD is used to analyze the dissi-
pation process of thermal energy.

To lower the temperature of the brake system component,
researchers have provided some methods based on simulation.
Some of them focused on increasing the airflow around the
brake system, while others concentrate on improving the
surface contact to the air. Raja et al. designed a duct to supply
more air to the rotor surface of the disc-based brake system
in a passenger vehicle using the CFD model [11]. Ocampo
et al. proposed the aerodynamic impact and cooling perfor-
mance of the brake system, more airflow to the brake system
may end up with a bigger wind drag coeflicient [12]. Kim et al.
optimized the duct of the brake system by the response surface

method (RSM), the extra air drag resistance caused by the
duct is decreased [13]. This solution is based on a passenger
car; for a commercial vehicle, the more critical temperature
rise occurs at the rear axle. It is difficult to set up a duct near
the rear axle. Sunday et al. extended the drum surface along
its circumference to improve the heat dissipation ability of the
drum [14]. This solution needs to redesign the outer surface
of the drum and decrease the gap between the drum and rim.

Since there are multiple objectives and factors in the
designing of the brake system, multi-objective optimizations,
such as NSGA-II (Non-dominated Sorting Genetic
Algorithm-II) [15] and CC-MOPSO (Co-Constraint Multi-
Objective Particle Swarm Optimization) [16], are used in
this area.

Most of the medium- or heavy-duty vehicles are equipped
with an extra water tank, using a water-spraying cooling
system to maintain the temperature of the brake drum in a
proper range. This system needs the driver to keep an eye on
the water tank before and within the article, and the cooling
water also lowers the weight of the cargo. In addition, spraying
water may harm the safety of other vehicles, especially
passenger cars [17]. To keep the braking drum temperature
of a commercial vehicle in a safe range, a forced-air cooling
system is provided based on the mathematic analysis and
optimized by the CFD model and APSO. By increasing the
airflow around the brake drum through some nozzles near
the gap between the rim and drum, the temperature of the
drum is decreased. This system is powered by the compressor
on the engine and can lower the brake drum temperature in
the most critical condition.

Mathematical Model

For a moving vehicle with a gross mass of M, when the speed
decelerates from v, to v,, the decreased kinetic energy AQy,
during the braking process can be calculated by the
following equation:

AQ,, =12M (v} -v}) Eq. (1)

The decreased kinetic energy is transferred into eight
kinds of ways. The “braking energy,” AQ,, that is absorbed by
the braking system, the wind resistance (AQ,,), tire rolling
resistance (AQ,,), transmission losses (AQ,,), engine braking
(AQeyp), a retarder (AQ,,), regenerative braking (AQ,,), and
potential slope energy (AQ,). The braking energy can be esti-
mated by the following equation [18]:

AQI; = Ale - AQwr - AQN‘ - AQtr - AQeng - AQret - AQreg * AQg
Eq. (2)

To predict the thermal performance of each brake, the
proportion of the whole vehicle braking energy bust be divided.
This can be done by using the vehicle’s braking distribution
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coeflicient, which defines the braking force generated by each
brake to achieve the desired vehicle deceleration. Divide the
equivalent “braking energy” to each wheel by the braking
distribution coefficient X,.
AQ,; = X,AQ, Eq. (3)
Taking the structural characteristics into consideration,
the method to estimate the energy distributed to the drum,
Qg and shoe, Q,, is provided.

Ay N kdpdcpd

Ad\/kdpdcpd + As\/kspsdcps

Qd = AQ},,' Eq (4)

As kspscps
l Ad\/kdpdcpd +As\/kspscps

Q =AQ, Eq. (5)

In Equations 4 and 5, A, and A, are the friction surface
area of the drum and shoe, k is the thermal conductivity, p is
the mass density, and ¢, is the specific heat. According to these
equations and parameters of regular commercial vehicles,
over 96% of energy is distributed to the drum.

The temperature rise (AT) of each brake can be estimated
from the energy entering the brake component, the compo-
nent mass (m) that is expected to be heated, and its specific
heat (C,).

AT =Q,/(mC,) Eq. (6)

Heat dissipation is essential in the brake system, it is made
up of three modes of transfer: conduction, convection, and
radiation. Among them, conduction is the prime mode of heat
dissipation. The air around the brakes is vital to heat dissipa-
tion and cooling. Newcomb and Spurr explained how the
brake cooling process could be analyzed using Newton’s law
of cooling in Equation 7 [19].

(T,-T,)=(T, - T;)e™ Eq. (7)

where T, is the ambient temperature, T, is the temperature of
the drum at time ¢, T}, is the temperature of the drum at the
start of cooling, t means time, and b is the cooling rate.

The heat dissociated from the exposed surface of the
drum Q can be estimated by Equation 8.

Q=-hA,(T,-T,) Eq. (8)

where £ is a heat transfer coeflicient.
Combining Equations 6, 7, and 8, the function of temper-
ature can be generated.

hA,

e (g, - Eq. O

For the repeated braking of a regular time interval, the
average temperature T, at the “nth” brake application is

Eq. (10)

After the “nth” application, the temperature T,,,, is

7{@]&
_T +AT|ZC

{ hA, ] M
mc
l—e "

T

tn+1

Eq. (11)

Numerical Example

Compared to the drum brake, a disc brake has little perfor-
mance losses when high thermal loads occur [20], but also at
a higher cost. Therefore, drum brake is still widely used in
commercial vehicles.

A long downhill drive and repeated braking are two
critical situations for the brake system. Chiaroni and Silveira
took the repeated drive cycle as the boundary condition to
analyze the drum brake of a passenger vehicle [21]. Palmer
and Jansen evaluated the disc brake fidelity by a CFD model
[22]. Zeng et al. analyzed the inverse heat conduction of a
commercial vehicle drum temperature by the FEM model [23].
Vdovin et al. provided a simulation procedure to numerically
predict disc brake system component temperatures of a
passenger car during a downhill brake test [24]. According to
the national standard GB 12767-2014 in China, during a
repeated test, the vehicle needs to decelerate from 60 km/h to
30 km/h in the deceleration of 3 m/s?, and repeat this process
20 times with 60 s for each time. As the traffic bureau regu-
lated, the maximum speed on the long downhills with different
slope angles is shown in Table 1. According to the research of
Antanaitis and Lowe [25], the maximum speed on the long
downhill in America is about 40 km/h (25 mph).

Take the parameter of a commercial vehicle with a gross
mass of 12,000 kg as an example; the relevant parameters are
shown in Tables 2 and 3.

To investigate the most critical slope for the long downhill
braking, the maximum temperature for different gross vehicle
mass (GVM) is calculated and compared in Figure 1. As shown
in Table 1 and Figure 1, the energy of the vehicle that runs on
a downbhill slope is made up of potential energy and kinetic

TABLE 1 Maximum speed on downhills with different
slope angles.
Slope (°) 3 4 SENIG 7 8 9
Max. speed (km/h) 120 100 80 60 40 30 20
© Gangfeng Tan
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TABLE 2 Parameters of a commercial vehicle.

Gross vehicle 12,000 Drum mass (kg) 39.25
weight (kg)

Coefficient of air 0.65 Drum expose surface (m?) 0.127
drag

Projected area (m?) 6.25 Drum hub volume (m3®)  0.005
Rolling resistance  0.02

coefficient

TABLE 3 Thermal parameters of the brake drum.
Temperature (°C) 25 100 200 300
Thermal conductivity (J-m=2-°C) 40 40 40.3 383
Specific heat (J-kg/°C) 480 494 536 557

© Gangfeng Tan

energy. The potential energy is relevant to the slope angle
while the kinetic energy is relevant to the speed. The dissipa-
tion of the thermal energy is also relevant to the speed. The
maximum temperature of the drum increases with the rise of
the GVM and increases with the increase of the downbhill slope
when the slope angle is lower than 6 degrees. When the slope
angle is higher than 6 degrees, the maximum temperature
decreases due to the lower corresponding kinetic energy.
Therefore, for these vehicles, the maximum temperature
occurs at the downhill with a slope angle of 6 degrees.

For the repeated braking condition, the maximum
temperature of this vehicle can be calculated by Equation
11. The temperature of vehicles with different GVM is shown
in Figure 2.

As shown in Figure 2, the temperature rises with the
increase of brake time for all the vehicles. The peak value of
the temperature rises with the increase of GVM.

m The maximum temperature of the brake varies
with slope and GVM.
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m The brake temperature of vehicles.
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According to the temperature in Figures 1 and 2, when
the GVM is less than 12000kg, the long downhill test has a
more critical requirement on the brake system. Therefore, it
is taken as the boundary condition of the forced-air
cooling system.

CFD Model Validation and
Calibration

Establishment of the CFD
Model

As shown in Figure 3, a typical brake drum is complicated
and surrounded by a rim and tire. The structure and heat
environment of the brake drum is too complicated to analyze
using a mathematical model. Therefore, it is simplified, the
shoe is ignored, and the bearing and shell are taken as one
component; some geometry characteristics such as the
filleted corner and small convex plate are ignored. Then a
CFD model with 7,456,763 elements is established, as shown
in Figure 4.

In this model, the drum is taken as the thermal source,
and the tire, rim, and brake drum are established into sepa-
rated chambers, as shown in Figure 5. The air inlet and outlet
surfaces are set in the vehicle driving direction. The air around
and inside the drum is built with the fluid element, and the
others are built with solid elements. Different materials and
properties are assigned to the corresponding parts, as shown
in Table 4.

The boundary conditions are described below:

1. The exterior boundary of the air is defined, and the
tire, rim, and drum are set into the rotational
moving wall.

© Gangfeng Tan
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m Typical brake drum and simplified wheel system.

© Gangfeng Tan

2. 'The air enters from the inlet surface with the speed of
the vehicle velocity, and all flow outlets are
maintained at atmospheric pressure.

3. The air in the model is treated as an incompressible
ideal gas.

Choose the k-omega model from the viscous models
provided by Fluent, and select the SST (Shear Stress Transport)
model to initiate the thermal analysis.

Field Test

To improve the accuracy of the CFD model, a field test is initi-
ated on a long downhill. The temperature of the drum and
the distance of the vehicle during the journey are recorded by
the infrared temperature sensor (as shown in Figure 6) and
speed sensor. The detail of the sensors is shown in Table 5.
The distance of the vehicle can be gained based on the vehicle
velocity from the speed sensor.

It is difficult to find the most crucial downhill road, which
has a slope angle of 6 degrees. Therefore, a downhill road with
aslope of 5.1 degrees is chosen to finish the field test. The test
result, simulation result before and after CFD modification,

m CFD model of the brake system.

Inlet surface

Outlet surface

© Gangfeng Tan

is shown in Figure 6. It takes about 1400 m to accelerate to the
speed of 60 km/h, so for the test result, before 1400 m, the
drum temperature is fluctuating around the ambient tempera-
ture of 28°C. The field test is terminated as the drum tempera-
ture rises to 180°C for safety concerns.

Model Validation and
Calibration

Based on the test result, some parameters of the CFD model
are modified. Taking the errors into consideration, such as
the transmission ratio error and resistance force error, the
energy transferred to the drum is adjusted in a proper range,
+10% of the calculated energy. According to this method, a
modified model that can acquire a simulation result closer to
the result is gained.

According to the comparison in Figure 7, the simulation
result of the CFD model has better coherence with the test
result than the theoretical model. To compare them more
intuitively, the mean absolute percentage error (MAPE) and

m CFD model of the brake system.

Rim Air

Tire Air Drum

Bearing  End cap

© Gangfeng Tan
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TABLE 4 Property of the CFD model.

Thermal Specific

Density conductivity heat
Component Material (kg/m3) (W/(m-°C)) (J/(m-°C))
Air Air 1.225 0.0242 1006.43
Tire Rubber 950 0.2 1700
Rim Aluminum 2719 871 202.4
Bearing/End  Steel 7860 Temperature dependent
cap/Drum as described in Table 3

root mean square error (RMSE) are calculated and compared
in Table 6. The result of the modified model has the lowest
MAPE and RMSE, which means it has the best coherence
relation with the test result.

The gap between the theoretical model and test result may
lie in the simplified conditions in the model, such as the heat
transfer coefficient h is acquired in the theoretical model as
referred from some other similar vehicle.

The simulated temperature is higher than the theoretical
value due to the more realistic boundary conditions, including
the effect of the rim and tire on the heat dissipation. By modi-
fying the thermal energy transferred to the drum within a
proper range, the temperature predicted by the modified model
has better coherence with the test result. For the test result, the
temperature fluctuates with the slope distance, even with all
the necessary measures; there are still some minor errors that
cannot be eliminated thoroughly, such as the roughness of the
road, the random wind, and unstable speed during the test.

Concept of the Cooling
System

Based on the modified CFD model, the maximum tempera-
ture of the vehicle in the long downhill with a slope angle of
6 degrees is calculated. As shown in Figure 8, the maximum

m Test vehicle and temperature sensor.

© Gangfeng Tan

TABLE 5 Detail of the sensors in the field test.

Sensor Range Error Frequency
Infrared temperature  —40 to 600°C  0.1°C 0.2 Hz
sensor

Vbox speed sensor 0.5-1600 km/h 01km/h 10 Hz

© Gangfeng Tan

temperature without the forced-air cooling system can be as
high as 291.9°C (the temperature in Figure 8 is shown in kelvin
(K), the temperature in Celsius (C) can be gained by adding
a constant). For the brake drum in this research, the tempera-
ture higher than 200°C will cause a brake regression or failure
[26]. It will cause brake regression and damage the safety of
the vehicle. According to Figure 9, the velocity streamlines of
the airflow around the wheel and brake system stay with the
longitudinal direction of the vehicle. In the longitudinal direc-
tion, the airflow is sheltered by the wheel hub and tire. It is
hard to take away the energy generated by the brake system.

A forced-air cooling system is designed to lower the
temperature rise of the brake, shown in Figure 10. The system
is equipped with nozzles near the brake drum that inject
airflow in the lateral direction of the vehicle, as the arrows are
shown in Figure 10. The airflow comes from the air compressor
on the diesel engine to cool the brake down. The nozzles are
mounted on the axle and their positions are equally around
the drum.

By adding four nozzles in the CFD model and setting the
corresponding pressure of the airflow, the temperature of the
drum can be gained, as shown in Figure 11. The maximum
temperature is decreased to 217.8°C. Compared to the
maximum temperature in Figure 8, the temperature is
decreased by 74.1°C; the effect of the cooling system
is validated.

Based on the experience and basic thermal theory, more
airflow or the airflow with a higher speed will lower the
temperature in a larger amount. However, they also need more
energy to boost. Therefore, it is necessary to optimize the
system parameters.

© Gangfeng Tan
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m Comparison of theoretical model and test and
simulation results.
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Parameter Optimization

To optimize the parameters of this system, the pressure of the
air and the number of nozzles are taken as factors, and the
temperature of the drum is taken as the constraint, while the
power needed for this system is taken as the objective.

The maximum temperature can be generated by CFD
simulation, the nozzle numbers are set to 2, 4, 6, 8 with the
air pressure varying from 0.25e5 Pa to 2.5e5 Pa. With these
values, 24 CFD models are set and calculated, each model
simulation takes about 9 hours.

The power needed can be calculated by the following
equations. For the steady flow system, according to the
Bernoulli theorem, the energy in this system is conservative
like the flow.
c(¥)

Vi
7—VV+I Eq. (12)

p(P)
where v;is the velocity of the flow, V V is the potential energy
of the flow, and C(W) is an integration constant.

If the flow is incompressible and even, Equation 12 can
be transformed into Equation 13.

2
v dP
f
<L+ gAh+[——=C(¥) Eq. (13)
2 p(P)
TABLE 6 Validation of the models.
Theoretical CFD before Modified CFD
model modified model
MAPE (%) 10.61 310 0.98
RMSE (°C) 30.55 10.57 2.99

© Gangfeng Tan
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m Temperature of the brake drum.

Temperature
Contour 7

H 5.654e+002

5.389e+002
5.124e+002
4.858e+002
4.593e+002
4.327e+002
4.062e+002
3.796e+002
3.531e+002
3.265e+002

3.000e+002
K]

where g is the acceleration of gravity and Ah is the height
difference of the inlet and outlet flow. For the inlet flow with
the velocity of v, and outlet flow with the velocity of v the
pressure difference, AP, can be generated by Equation 14.

V2 VZ
AP=p| L - 12 _oARL
P(z 5 &

The power needed to drive the airflow P, can be expressed
as Equation 15.

Eq. (14)

2
(1)

P, =APx Eq. (15)

In this case, the power needed to drive the nozzles filled
with airflow is shown in Figure 12. The power increases as the
nozzle number and air pressure increase.

As shown in Figure 13, based on the 24 simulation results,
the relationship of the maximum temperature and nozzle
number and pressure is established by the RSM, which is
widely used in the function setup of factors and objects.

m Velocity streamlines of the airflow around
the wheel.

Velocit
Streamline 1

l 4.390e+001

- 3.292e+001
2.195e+001
1.097e+001

0.000e+000
[ms™]
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m Schematic diagram of the forced-air

cooling system.

© Gangfeng Tan

According to the RSM, the maximum temperature of the
brake drum, T,,,,, can be generated by Equation 16.

T

max

=250.11+7.36n—37.52P—0.13nP—1.38%" +5.98 "
Eq. (16)

For the response method, the coefficient of determination,
R?,is used for its validation check. For R?, the closer the value
to 1 the smaller the difference between the predicted value
and sample value [27], and this can be generated by Equation 17.

Eq. (17)

m Temperature of the brake drum with the air
cooling system.

lemperature
Contour 2

4.913e+002
4.712e+002
4.512e+002
- 4.311e+002
4.110e+002
3.909e+002
3.709e+002
3.508e+002
3.307e+002
3.106e+002

2.906e+002
(K]
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m The power needed to drive the nozzles filled
with airflow.

x 104

Power (W)

0.25
0.7

x10°
Aur pressure (Pa)

1.15
4 1.6

2.05

Nozzle number 2 95

where T, is the temperature of sample i and Tl is the predicted
temperature based on sample i. The number of the sample is
nand T is the mean temperature value of n samples. In this
case, the R? is 0.96, which means Equation 16 can be used to
predict the maximum temperature of the drum in this system.
According to Equation 16, the response declines when one
factor stays the same while the other one increases.

The adaptive particle swarm optimization (APSO) is
based on particle swarm optimization (PSO). PSO is a
population-based stochastic approach, which uses the
velocity, and a position search model, including a certain
number of particles that are used to represent candidates;
the position of each particle, x;, is used to represent a
solution of space, and the velocity, v, is used to update the

m Maximum temperature of the brake drum with
different nozzles and pressure.

Maximum temperature (°C)
[~
[=}
(=]

0.25

16 x10°

5
Nozzle number 4 .
205 Ajr pressure (Pa)

2 25

© Gangfeng Tan
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particle position. Each particle searches for better positions
in the search space according to its local best position and
global best position [28, 29].

v (i+1)=o(i)xv, (i)+c, xr (pbest, (i) —x, (i)
+c, sz(gbest(i)—xk (1)) Eq. (18)
x (i+1)=v, (i+1)+x,(i) Eq. (19)
where k is the particle’s index ranging from 1 to N,, N, is the
population of the particle, i is the iteration number ranging
from 1 to iy,,, 1 and r, are the two numbers that are generated
randomly between 0 and 1, ¢, and ¢, are learning factors, pbest
is the best experience of each particle, and gbest is the best
experience of all particles in the population. The position and
value of the objective function for pbest and gbest must
be stored after each iteration. The iteration begins after the
initial evaluation; if the termination criterion is satisfied, the
optimal solution reaches gbest, and the calculation is ended;
otherwise, the iteration repeats. PSO has a quicker conver-
gence, but its limitation is it easily gets stuck in local extremes.
To overcome this shortcoming, the nonlinear dynamic weight
factor is used to balance the global searching ability and local
optimization ability [30]. For the weight factor,

_((Dmax — Oin X(f(i)_fmin)
fm/g _fmin

o S(0)= fuy

Eq. (20)

o(i)={""

O f(1)> fong

where w,,,, and @,,;, are the maximum and minimum value
of w, respectively, and f(i) is the current fitness value of the
particle, while f,,, and f,,;, are the average value and minimum
value of all the particles.

When the fitness value of the particles is converging or

closing to a local optimum, the weight factor will increase.

m Fitness value during the optimization.

4
g5210 . , . .
2 B
2 15}
)
S
ic 11
0.5}
% O 1 1 1 1
1) 0 100 200 300 400 500
g Iteration time

m Temperature of the drum with the

forced-air system.

Temperature
Contour 7

4.735e+002

.[ 4.553e+002
4.372e+002

" 4.191e+002
4.009e+002
3.828e+002
3.647e+002
3.466e+002
3.284e+002
3.103e+002

2.922¢+002
K]
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When the fitness value of the particles is dispersing, the weight
factor will decrease. If the fitness value is better than the
average fitness value, the particle remains due to the low
weight factor. Since the weight factor is changing with the
fitness value, it is called the adaptive weight factor method.

Based on the APSO and the function of temperature,
nozzle number, and air pressure, the optimized parameters
can be generated. The fitness value during the optimization
is shown in Figure 14.

According to APSO, the best nozzle number and air
pressure are gained. Adjust the nozzle number and cross-
sectional area based on the optimized nozzle number and the
original cross-sectional area. Thus, the nozzle number is
rounded oft. Take the nozzle number as 6 and pressure as 5.7 x
10° Pa in the simulation model. The drum temperature with
the optimized forced-air system is gained, as shown in Figure 15.

With the forced-air cooling system, the maximum
temperature of the drum decreases from 291.9°C to 200°C
during the most critical work condition (Figure 16). The power
needed to generate this system is 3.75 kW, which is within the
capability of the air compressor mounted on the engine. When

m Velocity streamlines in the air around

the wheel.

Velocit)
Streamline 1

l 3.122e+002

2.342e+002
1.561e+002
7.805e+001

0.000e+000
[ms™]
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the vehicle is braking, the energy needed to drive the vehicle
decreases dramatically, the engine energy is redundant to
propel this system.

Conclusion

The safety of the heavy commercial vehicle relies on the brake
system. The current water cooling method lowers the vehicle
loading capacity by the extra water tank. Based on the analysis
of the thermal model of the brake drum, a CFD model of the
drum is established and modified by the field test.

Based on the modified CFD model, a new forced-air
cooling system is designed and optimized by APSO. For the
commercial vehicle with a GVM of 12000 kg, this system can
decrease the maximum temperature of the drum from 291.9°C
t0 200°C, during the most critical long downhill work condi-
tion (with a slope angle of 6 degrees and a speed of 60 km/h).
The system uses the current air compressor to generate, there-
fore, no more energy is needed to boost it. Compared to the
water cooling method in the current commercial vehicle, the
weight of this system is far less than a water tank full of water.
Compared to the “duct” solution in the passenger car, it does
not damage the air drag or any extra component to turn on
or off the “duct.”

The parameters of the forced-air cooling system, such
as nozzle number, air pressure, and cross-section of the
nozzle for vehicles with different GVM, can be adjusted
according to the method provided in this article. The most
critical work condition relies on the vehicle GVM and work
condition; it should be analyzed and determined at the first
step. With the proper parameters of this system, the drum
temperature can be maintained in a safe range. In the future,
a prototype of this system should be made, a field test with
the system be initiated to validate the optimization param-
eters, and some other parameters of this system, such as the
transmission loss pressure from the air compressor to the
drum, be calibrated.
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