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HIGHLIGHTS

« Active suction cooling system of oven was modeled as a three dimensional using CFD.
« The aerodynamic design of the ASC system developed based on parametric studies.

« The maximum temperature at the oven door decreased 65 K by active cooling system.
« An extra 11.5 K cooling sustained at the pyrolytic oven door by parametric study.
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The aim of this study is to investigate the design parameter effects of an aspirating cooling system on the
outer surface temperature of a household pyrolytic oven glass. Pyrolytic ovens include complicated com-
ponents, such as an oven door, a cross-flow fan and an aspirating cooling system, and their complex inter-
actions should be investigated in detail. In this study, the oven door and cross flow fan and aspirating
cooling systems were modeled as a three dimensional system using a computational fluid dynamics
and heat transfer method to investigate the fluid flow and temperature distribution of outer surface of
the oven door. The simulation model predicted the temperature distribution based on the cross flow
fan speed, cross flow fan position and channel design of the aspirating cooling system. The numerical
results were validated against results obtained from an experimental study. The computational results
show that the rotational speed of the cross flow fan, the cross flow fan position and the channel design
of the aspirating cooling system play important roles in affecting the outer surface temperature distribu-

tion of the oven glass of a pyrolytic oven.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In the design of domestic ovens, one of the most important
parameters is outer glass temperature, especially in pyrolytic-
type domestic ovens. Pyrolytic ovens have a self-cleaning function
during which the temperature inside of the oven is increased over
500 °C. When the temperature inside the oven reaches these val-
ues, any food residue and grime adhered to the walls is simply
burned off. This feature provides great convenience for users. How-
ever, this high-temperature increase should be considered with
regards to safety. The outer surface temperature of the oven should
be reduced to a safe level not harmful to the environment and liv-
ing beings. An aspirating cooling system (ACS) has been designed
to reduce the temperature of the outer surface of the oven door.
This system circulates air between panes through the door, thereby
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reducing the external surface temperature of the door by convec-
tive cooling. Here, the velocity of the suctioned air and the design
of oven door are very important. If excessive cooling takes place,
the temperature within the oven could decrease and affect the
self-cleaning function. This would lead to low energy efficiency
and performance of the door.

Rek et al. [8] examined a newer generation, multifunctional
oven and modeled radiative, conductive, natural and forced con-
vective heat transfer mechanisms. They investigated many param-
eters that influence conditions inside an oven, such as the shape
and power capacity of heaters, fan rotor rotational speeds, the
thickness and quality of insulation and the design of the oven
doors. Shaughnessy and Newborough studied radiative heat trans-
fer mechanism of the oven door [9]. They suggested a low-
emissivity oven (LEO) provides an energy efficient alternative to
a conventional domestic electric ovens. Abraham and Sparrow [1]
developed an algebraic method for predicting the time-based tem-
perature variation of a thermal load situated in an electrically
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heated oven. Mistry et al. [6] studied transient, natural convective
heat transfer in ovens. A computer-aided design using computa-
tional fluid dynamics and heat transfer (CFDHT) modeling of an
electric oven involves a three dimensional, unsteady, natural con-
vective flow-thermal field coupled with radiative heat transfer.
Mistry et al. [7] developed a CFDHT-based methodology to evalu-
ate the performance of a domestic gas oven. Fahey et al. [2] studied
cooling on circuit of the door of a pyrolytic oven. They used CFD
and experimental techniques to understand the flow behavior of
the oven. The CFD results were validated with experimental hot-
wire velocity measurements. The study established an understand-
ing on oven door’s cooling circuit but they did not determine the
effect of it or determine the design parameters. Verboven et al.
[13] investigated forced convection in an oven using CFDHT meth-
ods. They compared their numerical results with experimental
results. Smolka et al. [11] investigated forced convection inside a
drying oven by using experimentally validated three dimensional
CFDHT analyses. To improve the temperature uniformity within
the oven cavity, they changed parameters, such as the rotational
speed of the device fan, the effectiveness of the distribution gaps
and the rate of heat generated by the electric heaters. Smolka
et al. also changed configurations, such as the locations of the hea-
ters, the fan and the fan baffle. Overall, they improved the temper-
ature uniformity and validated the results with an experimental
test of the modified prototype.

As mentioned in the literature, the CFDHT method has been
successfully applied for revealing and understanding complex flow
characteristics [3,4,12]. The three dimensional modeling of an oven
is essential for determining the air-side flow and heat transfer
characteristics. For the first time in the literature, an oven door
and an ASC are modeled together as a whole three dimensional
system. Therefore, in this study, an oven door, a cross flow fan
(CFF) and an ACS were simultaneously introduced in a heat trans-
fer and fluid flow analysis to determine the outer surface temper-
ature distribution of the oven door. Before investigating the oven
door and ASC together, the ASC was first independently modeled.
The mechanical structures of the ASC were developed based on
parametric studies. Then, the oven door and ASC were modeled
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together, and the flow field and the temperature distribution were
investigated. The numerical results were validated by comparison
with results obtained from experimental studies. To reduce the
temperature on the oven door outer surface, the influence of the
fan rotational speed was numerically investigated. The results of
the parametric studies showed that the rotational speed of the
CFF played an important role in regulating the outer surface tem-
perature of the oven door.

2. Numerical study

A computer-aided design (CAD) model of an oven was taken
from a white goods company for the numerical study. The CAD
model of a pyrolytic oven assembly is shown in Fig. 1b. The oven
has an ASC for decreasing the outer surface temperature of the
oven door. Details of the ASC and oven door are shown in
Fig. 1b and c, respectively. The top view of the system is given at
Fig. 1d which also shows that the CFF is positioned symmetry plane
of the oven.

As mentioned, the main purpose of the ASC is to actively cool
the oven door by drawing air between glass panes. The air suction
power was provided by the CFF, which was part of the ACS. The
oven door consisted of a quadruple glass layer as shown in
Fig. 1c. Air from the chimney of the oven could be circulated
between these glass layers, and a plastic profile was used to hold
the glass pane together.

The air volume model of the oven door and the ASC is shown in
Fig. 2a. The “A” side shown in Fig. 2c is the inner cavity of the oven
and the “B” side is the outside of the oven.

In the regular ovens without the ACS, the heat transfer from the
outdoor surface occurs via natural convection and radiation. How-
ever in the ovens with ACS with suction, air suctioned reverse
direction of the natural convection and this effects the heat trans-
fer. The outdoor air volume is added to the analysis for investigat-
ing this phenomena. The height and the width of the air volume is
selected equal to the ovens size. The depth of the out air volume is
related with the diameter of CFF as Shih et al. [10] suggested in
their study. After some analysis were done to see appropriate size,

Fig. 1. Pyrolytic oven views (a) aspirating cooling system, (b) pyrolytic oven assembly, (c) oven door, (d) top view of oven.
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Fig. 2. Three dimensional air volume model (a) model of oven door and aspirating cooling system, (b) model of cross flow fan air, (c) model of oven door and air circulation of

the oven, (d) boundary conditions of model.

the depth of outside air volume was determined to be three times
the diameter of the CFF.

Glass number 1 (i.e., the eight inner glass panes) is the surface
that contacts the oven inner cavity and glass number 4 (i.e., the
outer glass pane) contacts the ambient atmosphere surrounding
the oven. The structure of the ACS was prepared using a modeling
program according to the CAD model of the oven with necessary
simplifications and is shown in Fig. 2a. To prepare the ASC, the inlet
and outlet channels, the chimney area and the fan were modeled.

a

The system has two main bodies, which are the fan and the air cav-
ity. A model of the CFF is shown in Fig. 2b. As seen from Fig. 2a,
only half of the full oven door and ASC CAD were modeled because
the air flow in the door was symmetrical.

To provide a realistic simulation, the CFDHT analysis generated
a proper numerical grid model. The mesh structure of the system is
shown in Fig. 3a. Because the thickness of the glass panes and the
air gaps between the glass panes were small, the mesh element
sizes were small for these regions. The body of the ambient air

b d

Fig. 3. Mesh details of the air volume model (a) mesh detail of oven door and aspirating cooling system, (b) mesh detail of oven door, (c) mesh detail of fan, (d) front view of

fans’ mesh detail.
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Table 1
The study of determining optimum mesh model.

Case Number of elements Temperature at outer surface (K)
Case 1 3,436,288 324.31
Case 2 5,273,651 322.25
Case 3 10,285,361 322.31
Case 4 30,224,854 322.66

volume of the rest of door was meshed normally as shown in
Fig. 3b. Fins of the CFF were very small compared with the air cav-
ity. Overall, different domains meshed with different element
sizes. The mesh details of fan are shown in Fig. 3c and d.

Different sizes of mesh elements was applied to the model and
tried to find optimal number of elements for the final model. As it
seen from Table 1 different number of mesh was applied to the
CAD model. For comparing the cases average temperature of the
outer surface of fourth glass were noted. Four models were pre-
pared to see the effect of the number of elements. Even the model,
which has the minimum number of elements and nodes (Case 1)
having 1° accuracy. If the number of elements increases solver
needs more time to get results but if number of elements is not
enough model cannot validate the experimental results. If the
other parameters that affect the CFD results are done properly, to
get best converging results meshing process needs more time to
spend on. Case 2 was chosen for this study as a final model. The
final mesh structures of the oven door and ASC and is shown in
Fig. 3.

After preparing the mesh, the boundary conditions of the model
were defined. The air in the oven door and the ACS, the glass panes
and the plastic profile were set as stationary domains whereas the
fan was set as a rotating domain. The rotating speed of the CFF was
set at 2400 rpm (which was further investigated in the parametric
part of this study). The entrance and exit of the inlet and outlet
channels, respectively, of the ACS and the chimney surface were
defined as openings.

The outer surfaces of the air model exposed to the ambient
atmosphere were defined as open boundary conditions. The neces-
sary symmetry planes of all bodies were also set at the required
boundaries. The remaining faces which were not openings or sym-
metry planes were assigned as no slip boundaries. The ambient,
opening temperature was defined at 25 °C. The main heat transfer
mechanism on the outside of the oven door was set as natural
convection. As mentioned earlier, previous studies have compared
different radiation models Mistry et al. [6]. However, no major
differences in calculated temperatures have been reported based
on these different models. Therefore, a surface-to-surface radiation
model was selected for this study due to more rapid model conver-
gence. Furthermore, k-epsilon turbulence model was selected for
this study. Temperature values obtained from these previous
experiments were used to define the first glass inner surface that
intersected with the inner cavity of the oven. The previous experi-
mental studies were performed when the systems were in thermal
balance. Therefore, the numerical modeling of the current study
were performed at steady state. The boundary conditions of model
were shown in Fig. 2d.

3. Validation of CFD results
3.1. Fluid flow verification

To validate the velocity field of the ASC, velocity measurement
tests were performed and compared with the CFD analysis. In the
experiments, eleven of sixteen hot wire anemometers were placed
on the air flow inlet of the ACS. The remaining anemometers were
placed on the air flow outlet. The positions of the anemometers for

Outlet
> Inlet

Fig. 4. Arrangement of anemometers in experimental study.

the velocity measurements of the ASC are shown in Fig. 4. When
the system reached a steady state, air flow data were recorded
every 0.3 s over the duration of approximately five minutes. After
completing the experiments, the average flow data over the entire
inlet and over the entire outlet were obtained to validate the
numerical results.

The CFD results are shown in Fig. 5. The fluid flow velocities of
the ACS and the oven door are shown in Fig. 5a and b.

The average velocity of the air at the suction opening in the ACS
was 2.98 ms~!. The average velocity at the outlet of ACS was
6.92 m s~ . The differences between the experimental and numer-
ical studies are shown in Table 2. The numerical results are similar
to the experimental results, i.e., the CFD model was validated by
the experimental study for these simulated conditions.

3.2. Temperature distribution verification

The CFDHT results were validated and compared with experi-
mental results. A temperature experiment was performed during
the pyrolytic cycle of 1.5 h. For all experiments, the ambient tem-
perature was set at 25 °C. The surface temperature of the outer
glass door was measured by a digital infrared thermometer which
has 0.5% accuracy three minutes prior to the completion of the
cycle. In addition, the surface temperature distribution was
obtained via the thermal camera which has Thermal sensitiv-
ity < 30 mK. The temperature data obtained by the thermal camera
and digital thermometer were used to validate the numerical
study.

Fig. 6a shows the temperature distribution of the outer surface
of the oven door in the experimental study. The measured temper-
ature values (i.e., T1, T2,...,T12) were reported as the maximum
temperatures values of the area (Fig. 6a). In the numerical study,
the temperature distribution of the outer surface of the oven door
is shown in Fig. 6b.

Table 3 shows a comparison of the experimental and numerical
results. The maximum error in the analysis is noted as 15 K which
is a point vise error. The maximum relative error between the tem-
perature and analysis data was 4.42%. The relative error values ran-
ged from O to 4.42%.

A scatter plot comparing the numerical and experimental tem-
perature data is shown in Fig. 7. Both data sets were similar. This
shows that the oven door and ASC can be modeled using the
numerical study to estimate parametric values.

4. Parametric study
4.1. Effects of position of the CFF

The structure of the CFF with an impeller, a back wall, a vortex
wall and a motor is shown in Fig. 8.
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Temperature comparison between experimental and computational results.
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Fig. 5. Fluid flow of CFD study (a) ACS and oven door, (b) details of the inlet and outlet ACS.

L

Average velocity Experimental Numerical Absolute Temperature of test Experimental results ~ Numerical results  Error
(m/s) study difference data (K) (K) (%)

Inlet 3.07 0.09 T1 343 358 437
Outlet 7.78 0.86 T2 330 334 1.21

T3 325 338 4.00

T4 317 321 1.26

o . ) . T5 312 312 0.00

As a priority in the numerical study of ACS, the optimum posi- T6 320 331 3.44
tion of the CFF was determined based on operational principles. T7 321 321 0.00
Depending on this position, the design parameters and positions g 3}; ;;f Z-:"é

of the inlet and outlet channels of the ACS were determined 10 352 358 170

a.ccording to the .literat_ure an_d the limits of mechanical construc- T11 332 334 0.60
tion. The three dimensional air volume model of the ACS was pre- T12 324 338 4.32

pared for CFD analyses. A air volume model of a first ACS design is
shown in Fig. 9a and b. The first model examined whether a lower
suction inlet channel design was effective, depending on the loca-

tion of the CFF.

a

Fig. 6. The temperature distribution of the outer surface of oven door (a) experimental results, (b) computational results.
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Fig. 8. Mechanical construction of CFF.

Three different CFF locations were investigated. The simulation
results of the different locations of the CFF are shown in Fig. 10a-c.

As shown in Fig. 10a-c, the optimal velocity distribution was
observed for the CFF location represented in Fig. 10c. Based on
these numerical studies, the position of the inlet channel was
located 5 mm from a tangent to the CFF blades.

In addition to this improvement, to maintain an airflow balance,
which is suctioned from behind the CFF and from the oven door,
the back wall design was studied. To determine the optimum angle
(@) and sizes of the back wall (P1, P2) parametric studies were per-
formed. Fig. 11a shows pressure contours of the ACS around the
CFF. Fig. 11b shows a schematic view of the working principle of
the CFF.

As a result of the numerical studies, the optimum angle and size
of the back wall were determined. The design input parameters
(P1, P2 and @) and corresponding suction channel inlet velocity
are shown in Table 4.

As shown in Table 4, the maximum velocity of the suction chan-
nel was observed for DP 6. If the inlet velocity of the channel

Fig. 9. (a) Air volume model of ACS, (b) cross-sectional view of ACS air volume
model.

increased, the average temperature of the outer surface of the oven
door decreased. Thus, for the back wall design, the parameters that
defined model DP 6 was selected.

4.2. Effects of design of the upper blowing channel

After determining optimum CFF position and the angle and size
of the back wall adjacent to the CFF, the upper blowing outlet
channel was investigated. The entry area (i.e., the CFF fan outlet)
was fixed, and the output area (i.e., just outside the mouth opening
of the outlet channel) was varied, as shown in Fig. 12a and b.
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Fig. 10. Velocity vectors of ACS (a) inlet channel and CFF tangent, (b) back wall 2.5 mm from CFF, (c) back wall move away 5 mm from CFF.

Back Wall

a b

Fig. 11. The optimum positioning of the inlet channel depending on the boundary wall of interior body (a) pressure contours of ACS, (b) schematic view of CFF.

Table 4
Variations of velocity due to sizes and angle of back wall.
P1 (mm) P2 (mm) 2 (°) Inlet velocity of the suction channel (m/s)
DP 0 10 20 53.67 2.88
DP 1 15 25 52.27 1.95
DP 2 10 15 68.85 2.49
DP 3 10 25 40.73 2.44
DP 4 5 10 68.85 2.77
DP 5 75 15 59.88 2.79
DP 6 75 20 45.96 2.98
DP 7 75 25 36.46 2.74
Depending on parametric studies, the optimum value of the There was no noticeable pressure difference between the differ-

outlet channel blowing area was determined. The parameters of ent designs as shown in Fig. 13. When horizontal dimension A was
the upper blowing channel are shown in Table 5. 10 mm and horizontal dimension B was increased from 60 mm, the
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Fig. 12. The structure of upper blowing channel.

Table 5
Design data of upper blowing channel.

Design points A (mm) B (mm) Pressure of outlet channel (Pa) Design points A (mm) B (mm) Pressure of outlet channel (Pa)
P1 100 20 0.00361700 P14 35 25 0.00292787
P2 90 100 0.00361645 P15 40 50 0.00289826
P3 100 100 0.00355916 P16 30 60 0.00288071
P4 80 90 0.00334849 P17 20 25 0.00285925
P5 60 100 0.00325768 P18 30 70 0.00283898
P6 70 80 0.00323822 P19 15 20 0.00278477
P7 60 70 0.00322628 P20 20 10 0.00275407
P8 60 60 0.00322119 P21 10 20 0.00274435
P9 100 60 0.00318347 P22 20 20 0.00274428
P10 50 60 0.00312891 P23 20 60 0.00273204
P11 60 20 0.00309237 P24 20 50 0.00270971
P12 25 15 0.00303135 P25 20 70 0.00261756
P13 25 35 0.00295115 P26 10 60 0.00234585

0,004
0,0035 AAAA
AAAAAAA A

0,003 AAAAAAAAAAAAA

0,0025

0,002 4
0,0015 4
0,001 4

Pressure (Pa)

0,0005 -

Design Points

Fig. 13. Pressure comparison between design points of upper blowing channel.

resulting differences in pressure values were negligibly small. Due
to the physical constraints of the channel, dimension A was set at
10 mm and dimension B was set at 150 mm.

After the parametric studies, validation experiments were per-
formed and compared with the CFD analysis. An initial model
was verified by an experimental study before continuing with
the parametric numerical studies. A final ACS prototype was devel-
oped, and the experimental studies were repeated. The results of
the numerical studies of the initial and final models are shown in
Table 6.

Following these parametric studies, the ACS and the fluid flow
of the system were improved. The average velocities of the airflow

Table 6
Velocity comparison between first and final model of ASC system.
Outlet Inlet
First model 591 m/s 2.18 m/s
Final model 6.92 m/s 3.07 m/s
The rate of increase 17.02% 40.8%

at the inlet (suction) and the outlet (discharge) of the ACS were
increased by 40.8% and 17.02%, respectively. As the velocity
increased, the outer surface temperature of the oven door
decreased.

4.3. Effect of rotational speed of CFF

At the oven door, heat is transferred by conduction, convection
and radiation. In the oven cavity, the air is heated by heaters and
circulates in the oven. In pyrolytic ovens, radiation is the dominant
heat transfer mechanism because of the high temperatures. Radia-
tion emitted by the heaters causes the door air cavity to heat up.
The active suction system cools down the door cavity by convec-
tion. To determine the effect of the CFF rotational speed, the
Reynolds number of the airflow was calculated according to Egs.
(4.1) and (4.2) [5]. The Reynolds number was based on the rota-
tional speed of fan (n; rpm), the impeller external diameter
(D; mm), the length of the blade chord (cp; mm) and the kinematic
viscosity (v; m?s™1).

Re:M 4.1)
v
2-m-n D

Fig. 14 shows the effect of the Reynolds number (Re) on the sur-
face temperature of the oven door. The first vertical axis shows the
average outer surface temperature (K) of the oven door, and the
second vertical axis shows the average velocities (m/s) of the inlet
and outlet channels. The horizontal axis shows the Reynolds
number.

The increase of the Reynolds number depends on the fan rota-
tional speed. As shown in Fig. 14, a minimum temperature was
acquired when Re was 8540. Above a Re of 4880, there were no
noticeable effects on the outer surface temperature of the oven
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Fig. 14. The effect of speed of the cross flow fan on the outer surface of oven door.

door. However it must be noted that the Reynolds Number also
related other parameters such as fan cord length. These parameters
may have an additional effects on the flow characteristics.

4.4. The cumulative effects of parametric studies on ACS to the surface
temperatures

As a final evaluation of this study, 3 prototype oven compared
experimentally. The first model was the oven without ACS, the sec-
ond one was the early prototype with ACS before CFD study and
the last one was the oven design with ACS enhanced with the para-
metric study on this paper. The half of the oven door separated into
12 areas and the maximum temperatures in these areas are noted
both with infrared camera infrared thermometer. “L” represents
the total width of the oven door and X = 0 represents the mid area.
The half oven doors surface temperature distributions at the pyro-
lytic stage are given in Table 7.

The results show that even the ACS without design optimization
reduces the average surface temperature of the oven 13.25 K. Also
the maximum temperature of the oven door decreased 48 K. As the
temperature distributions of the prototype 1 and prototype 2
inspected, it can be noted that the major reduction takes place at
the center areas. The reason of this situation is the CFF length is
shorter than the oven door (can be seen in Fig. 1d) and air suc-
tioned from the CFF is not enough to effect the sides.

After the parametric study, the suctioned air average velocity
increased 40.8% as mentioned. This caused an extra 12 K reduction
on the average temperature of the oven door in respect to Proto-
type 2 and 25.25 K reduction in respect to Prototype 1. The maxi-
mum temperature of the prototype 3 is 65 K less then Prototype 1.
The temperature distribution of the prototype 3 is also more
homogeneous due better use of the air channel between the oven
door glasses.

Table 7
Surface temperature distributions obtained from the comparison experiments (°C).

5. Conclusions

The aim of this study was to investigate the heat transfer and
fluid (air) flow characteristics of domestic ovens with aspirating
cooling system (ACS) systems by implementing numerical meth-
ods. A prototype pyrolytic domestic oven was used. In the litera-
ture, numerical and experimental studies have been conducted
for measuring the heat transfer and air flow inside oven cavities
and within oven doors. The oven door and its upper fan provide
active air suction from the door and were modeled using a compu-
tational fluid dynamic and heat transfer (CFDHT) method. The
numerical results were validated by comparing with results
obtained from experimental tests. In the literature, only a few
studies have observed the heat transfer mechanisms of the oven
door. A combined oven door and ACS was modeled in three dimen-
sions, and parametric studies were performed. First, the ACS was
modeled, and fluid flow was investigated. Based on these paramet-
ric studies, a new ACS model was developed with optimized CFF
position and ACS channel geometry. After improving the ACS, the
oven door and ACS were modeled together, and the outer surface
temperature distribution of the oven door was investigated. Fur-
thermore, the airflow Reynolds number was parametrically
investigated.

The computational results show that the designs of ACS chan-
nels, the CFF position and the rotational speed of CFF play impor-
tant roles on the outer surface temperature distributions of the
oven door and the flow fields of the ACS. These predictions are pro-
ven by experimental comparison of these models. The maximum
temperature of the oven door decreased 65 K and the average tem-
perature decreased 25.25 K in respect to the oven without ACS.

These results shown that ACS can strongly reduce the surface
temperature at the oven door which enables to design cool touch
ovens even in the pyrolytic function where the inner temperature
of the oven reach about 723 K.

It must be noted that these results can be improved by increas-
ing the number of the design parameters such as the diameter of
the CFF and the positions of the oven door glasses. Also it must
be taken to the consideration that the investigated flow structures
include laminar, turbulent and transition regions therefore slight
changes of design parameters may significantly affect the results.

The ongoing researches also showed enhancement of the mate-
rials also has strong effect on the surface temperature. However
the aerodynamic design must be revised according to these prop-
erties. For decreasing the solution time, artificial intelligence algo-
rithms such as artificial neural networks may be also integrated to
the solution method for the future studies.
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Prototype 1 (without ACS)

Prototype 2 (with ACS, before optimization)

Prototype 3 (with ACS, after optimization)

X=0 X=L/4 X=L/2 X=0 X=L/4 X=L1/2 X=0 X=L/4 X=L/2
92 130 82 81 77 71 61 60 47
70 75 86 49 52 82 40 43 65
52 57 72 44 45 80 38 37 52
53 50 48 37 37 53 45 40 42
Average 72,25 Average 59 Average 47
Maximum 130 Maximum 82 Maximum 65
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