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Abstract

The Compact Linear Collider, CLIC, is designed to accelerate electrons and positrons using an electromagnetic
field. One of the most important tasks in doing so is keeping the beam to be well-defined, with no trajectory
deviation. Unfortunately, in accelerating the charged particle the major loss is dissipated in the heat form, which
significantly causes the thermal deformation of the structure. This could potentially lead to the unstable trajectory
of the beam. Therefore, the water-based cooling technique is introduced to resolve this issue. The present study
explores the influence of water flow rate, flow direction, and inlet temperature gradient in a Klystron-based
module on directional deviation. As every directional deviation is involved in the well-defined beam. The results
showed that the combination of flow rate and flow direction itself does not significantly affect the deviation of
deformations, maximum 0.126% difference. While inlet temperature gradient and flow direction play a stronger
role in deformation, the maximum difference in X-direction increase twelvefold compares to the combination of
flow rate and flow direction with the identical scenario. Ultimately, there is no optimal condition for minimizing
thermal deformations as one factor will affect another directional deformation somehow. Thus, the most
appropriate condition should opt for the desired application.

1. Introduction the CLIC accelerator. The losses are mostly dissipated
in heat form into the cavity disks, causing thermal
deformation of the SAS. This is the concerning part as

the SAS are subjected to the small tolerances

The main purpose of a particle accelerator is to
accelerate charged particles to very high speed and

energy and to keep them in a well-defined beam using
an electromagnetic field. The Compact Linear Collider,
CLIC, is one of the particle accelerators used to
accelerate the electron and positron to collide [1]. The
Super-Accelerating Structures, SAS, are a vital part
of

assembly, the center of SAS must be within 14 um with
respect to the beam axis [1]. To solve this issue, water-
based liquid cooling is utilized to release the major
heat loss. The previous design of SAS placed the
cooling path outside the cavity disk since there is
not



Actual Klystron Model

Simplification Model

Half-full Structure

Figure 1. Simplification processes of the Klystron-based CLIC module.

enough space in the cavity disk. However, the current
design of the Klystron-based model allowed to place
the cooling path into the disk, close to the iris, and thus
close to the heat source.

The current study aims to analyze the thermal
behavior of the current Klystron-based, exploring the
influence of flow rate, flow direction, and the inlet
temperature gradient. At this stage, the coolant path
separately flows, with no path connected, to evaluate
the simple flow direction. The chosen model consists
of 26 cells with one inlet and outlet cell, 28 cells in
total. A previous study by Alice used simple heat flux
as the heat loss input [2], while in this present study
the High-Frequency Structure Simulator, HFSS, opted
to imitate the real heat loss with the nonuniform
distribution. Other parameters are set based on the
feasibility and limitation of mechanical assembly.

2. Methodologies
2.1. High-Frequency Structure Simulator

Previous studies performed the thermal
analysis of the accelerator based on the assumption of
constant radio frequency, RF, loss along the whole
structure by simply applying the constant heat flux
condition to the noses/irises of the structure [1][2].
However, it is proved that the dissipated heat along
the structure is not constant [3]. In doing so may lead
to misinterpretation of the actual behavior of the real
structure. Thus, in this present study the High-

Frequency Structure Simulator, HFSS, in ANSYS 2020
R2 is implemented to compute the distributed heat
loss along the structure. By inverting the mechanical
model in section 2.2.1 to be the vacuum domain and
applying the radio frequency across the mentioned
domain, in detail methodologies are fully addressed in
[3]. As this present study will explore only a half-full
structure, to reduce the computational cost, thus only
the half of average power loss will be used —119.405
W [3].

2.2. Steady-state-thermal and static structural
analysis

2.2.1. Half-full structure

Originally, the CAD model of the Klystron-
based CLIC module contains tremendous individual
parts, which will be required a lot of memory to solve
the whole module. Thus, to compensate for the
computational time of the current computer setup, 6
cores, and 8 GB of RAM, the Klystron-based module is
simplified. The least influence parts in thermo-
mechanical behavior are removed, e.g., nuts, bolts,
washers, flanges, connectors, wave guides, and
bellows, where only 26 iris cells and 1 of each
inlet/outlet cells remained, 28 cells in total.
Furthermore, all the iris cells are also simplified to
minimize the tendency of meshing failure, namely,
fillets,



Table 1. Material properties of water and Cu OFE C10100 [2].

Material Properties Unit Value
Density kgm™3 8.94 x 10*
Coefficient of Thermal Expansion oct 1.70 x 107
Young’s Modulus Pa 1.15 x 10*

Cu OFE C10100 Poisson’s Ratio - 3.10x 10"
Tensile Yield Strength Pa 2.47 x 108
Tensile Ultimate Strength Pa 3.20 x 10®
Isotropic Thermal Conductivity wmec™? 3.94 x 10?
Density kgm™3 9.97 x 10?
Dynamic Viscosity Nsm™ 8.51x10™

Water Liquid Specific Heat at Constant Pressure Jkg K™ 4.18 x 10°
Thermal Conductivity wWm™K™? 6.15x 107
Kinematic Viscosity m?st 8.54x 1077

A-D Water Inlet at 25 °C
with convection to coolant

E Distributed Heat Flux from HFSS
Ploss, average = 119.405 W

F Radiation to ambient
€= 0.05 Tambient = 25 OC

G Convection to air
h =5 Wm-2°C-1 Tambient =25°C

H Fix support

| Standard earth gravity
g =9.8066 ms2

J Displacement
dx =dz =0, dy = free

K Symmetry Condition

o

Figure 2. Boundary conditions for steady-state-thermal and static structural analysis.



Table 2. Summary of half-full structure study.

Section Flow Direction Flowrate (I/min) Inlet Temperature Gradient (2C)
Parallel 1-3 -1

3.1
Counter 1-3 -1

3.2 2 3 0-10
Parallel 3 0-10

3.3 ,
Counter - 0-10

Note: -!kept constantatO °C.

-2 no difference between parallel and counter flow.

-3 kept constant at 1l/min [2].

chamfers, small holes, and grooves. In addition, to
significantly reduce the computational cost, the
structure is cut into two parts by XY-plane and the only
upper part is chosen for further half-full structure
analysis, Figure 1. Finally, all 28 cells are assigned with
the Oxygen-free copper (Cu OFE C10100) properties,
Table 1.

20

- Diameter

OO 8 mm.
o

IE —— 7 mm.

= 15+ 6 mm.

~3 —5mm.
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T

0 1 1 L
1 1.5 2 2.5 3
Flowrate (I/min)
Table 1.

Due to the mechanical assembly limitation,
only two cooling layouts are explored. In section 3.1
Effect of flowrate and flow direction in the half-full
structure, parallel and counter flow. Four separated
paths are paired into two pairs, AB and CD in Figure 2,
and assigned with two different flow strategies,
parallel and counter flow. Both pairs are flowing in the
same direction in parallel strategies while flowing in
the opposite direction in the counter flow strategy.

Figure 3. Convective heat transfer coefficient
with respect to volume flow rate and the cooling
channel diameter [1][5].

According to the coolant path, there are four
separated cooling channels designed beforehand in
the half-full structure via CATIA, where the path of the
coolant is drawn using a simple line in ANSYS
SpaceClaim 2020 R2. The lines are then converted to
the thermal fluid domain using the beam profile
feature with a circular cross-sectional area of diameter
at the same size as the inner diameter of the cooling
channels, 6 mm. Lastly, the orientation and properties
of the water are assigned to the coolant in SpaceClaim,

According to Figure 2, AB flows to positive Y-direction
and CD flows to negative Y-direction in the counter
flow strategy. The inlet temperature is kept constant
at 25 oC in this section, ambient temperature while
varying the flowrate from 1-3 I/min. In contrast,
section 3.3 Effect of inlet temperature gradient in a
single cell keeps the flowrate constant at 1 |/min,
according to the limitation of the current setup of CLIC
module design [4], while varying the inlet temperature
gradient referring to the result of section 3.2 Effect of
inlet temperature gradient in a single cell. Regarding



to the heat loss distribution [3], the cooler coolant is
flowing in channel CD (flows to negative Y-direction),
while the hotter coolant is flowing in AB channels
(flows to positive Y-direction) in the counterflow

a) b) c)
X X < H L
X X H.--" ~.L
X X L. -H
X X PN
Benchmark

layout. The summary of the half-full structure is shown
in Table 2.

Figure 2 depicts all the boundary conditions
used in both steady-state thermal and

d)
D T -
- 0l 'L
| 1 P! ;!
| ol ! 1!
o ___'H L - L
\/\L L) ~ 7 ~7 /\/

Configuration 1 Configuration 2 Configuration 3

Figure 4. Inlet temperature gradient configuration for single-cell study.

structural modules, the initial temperature of the
structure and the ambient temperature are
respectively set to be 30 2C and 25 2C. The distributed
heat flux is imported from HFSS module, E, mentioned
in section 2.1 High-Frequency Structure Simulator.
Channel A-D are assigned with mass flow rate inlet
with convection from structure to coolant, convective
heat transfer coefficient can be extracted from Figure
3 [2], where the flow directions are fully addressed in
Table 2. Lateral surfaces, F-G, of the structure is
subjected to surface to ambient radiation, the
emissivity of 0.05, and convection to air, heat transfer
coefficient of 5 Wm2eC?,

Looking specifically at the mechanical
constrain, Figure 2, one face of the inlet cell is
subjected to a fixed constrain, H, while at the other
end, J, is allowed to freely move in the y-direction. In
addition, the whole structure is subjected to the
standard earth gravity in the negative z-direction at
9.8006 ms™. Lastly, the bottom part of the structure,
K, is assigned with the symmetry condition. These
conditions allow the whole structure to freely move in
Y-direction and to radially deform around Y-axis.

Regarding the post-processing, directional-
deformation, and total-deformation of all irises along
the whole structure, 26 irises, are extracted as it is

concerned as the travel path of the particle. X and Z
directions could lead to the deviation in the trajectory
of the beam, while the Z direction could lead to the off-
phase radio frequency acceleration.

2.2.2. Single-cell

As results in section 3.1 Effect of flowrate and
flow direction in the half-full structure, reveals no
significant difference in the effect of flow rate and flow
direction, thus, a single cell is selected to thoroughly
investigate the effect of the inlet temperature
gradient. Of note, the cell may look slightly different
from section 3.1 since in this section the cell is not cut
into two parts, no symmetry condition is needed.
However, the least influential parts in thermo-
mechanical behavior are still removed e.g., fillets,
chamfers, small holes, and grooves to eliminate the
mesh failure issue. Of note, in this section only one
flow direction opts, parallel flow, as it is a single cell
study with a short fluid travel distance (8.312 mm.).
Thus, there is no significant effect from flow direction
and no introduction of accumulated heat along the
coolant path.

Figure 4 illustrates four temperature gradient
configurations, one benchmark, and three different



configurations, of the single cell study. The letter H
indicates the higher temperature path and L indicates
the lower temperature path. The benchmark model is

the one without any temperature gradient, every inlet
has the same temperature. Coolant channels in

Yminimum

Paralle Flow Counter Flow Paralle Flow
3 I/min 1 I/min 1 I/min

Counter Flow
3 I/min

> Ymaximum

28.458 Max
28.308
28.158
28.007
27.857
27.707
27.557
27.407
27.257
27.107 Min

Figure 5. Cut-plane temperature contour of half-full structure with different flowrate and flow directions.

configuration 1 are identically paired with section
2.2.1, regarding the mechanical assembly constrain.
Configuration 2 and 3, the coolant channels are paired
based on the same displacement in the X and Z axis
from the iris to the channels, see Figure 4c and d.
Interestingly, even channels in configuration 3 and 4
are identically paired, however, the swapping
between L and H paths need to be performed. As the
displacement from the iris to the coolant channel in
the X and the Z direction is different, respectively
measured at 33 mm and 28 mm. While there is no
difference in the displacement from iris to coolant

channel in a diagonal direction, thus there is no need
in swapping the L and H paths in configuration 1. Of
note, even configuration 2-3 is difficult in mechanical
assembly but it is worth studying for the future
development of the assembly.

Firstly, the benchmark model, no inlet
temperature gradient (Ty-Tc = 20), is explored by
changing the inlet temperature to evaluate at which
temperature could lead the iris temperature to 30 C,
the initial temperature of the structure. After that, the
mentioned temperature will be set as a based-line
temperature (Ty) for the other temperature gradient



(AT) study. In another word, the higher temperature
inlet is assigned with T, + AT/2, while the lower

a) x-deformation b) y-deformation
0.2
€ €
= <
kel kel
T ©
E 0.125 g
L L
[} [}
il ]
x >
0.05
5 10 15 20 25 5 10 15 20 25
Iris Position (-) Iris Position (-)

temperature inlet is assigned with T, - AT/2. In this
section, the temperature

Figure 6. Iris directional deformation of different flowrate and flow directions.
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Figure 7. Directional maximum deformation along the structure of the effect of flow rate and flow direction

in a half-full structure.

gradient is ranged from 0-10 °C, regarding the
feasibility of the available chiller. Of note, the
boundary conditions of steady-state-thermal and
static structures are identical to section 2.2.1 Half-full
structure.

Similarly, to section 2.2.1 Half-full structure,
the directional and total deformation is computed
from the iris of the single cell for further discussion and
implementation in section 3.3 Effect of inlet
temperature gradient and flow direction in the half-
full structure.

3. Results and discussion

3.1. Effect of flowrate and flow direction in the
half-full structure

Firstly, the effect of flow rate and flow direction is
determined in this section, Figure 5 reveals the
temperature contour of the cut-plane of the solid
domain. The temperature range is set to be the same
in every plane and study, thus it is comparable. It is
seen that there is no significant difference between
flow strategies in both flow rates, 15--2" row, and 37-
4™ row, while the contour will be different when the
flow rate is changed. It is expected to see such a
difference as the higher flowrate introduces a higher
convective heat transfer coefficient, Figure 3, so more
heat loss can be evacuated through the coolant.
Nonetheless, the overall temperature contour could
not directly reflect the directional deformation, thus
directional deformation is further explored.

Figure 6 shows the X, Y, and Z deformation of
every iris across the whole structure, the solid line, and
dash line represent parallel and counter flow



respectively. Of note, the first iris is counted from a
positive Y-direction. Ideally, the semi-parabolic shape
of the X-deformation is expected in a

80
«—
£
=
<

% 65
2
©
(3]
I

50

1 13.5 26

Cell (-)

Figure 8. Heat loss distribution along the half-full
structure.

uniform distributed heat flux [2]. Nevertheless, the
smooth semi-parabolic could not be seen in this
present study as the heat loss is not uniformly
distributed regarding the HFSS result [3].

In addition, the turning point of flow direction can
be noticed in Figure 6a at around the 15™ iris. From the
1% to the 14" iris the X-deformation of counter flow is
slightly larger than the parallel flow, while from the
15" to 26™ iris the result is the other way around.
These results are expected when comparing parallel
and counter flow alongside. Normally, the turning
point should be somewhere around the middle of the
structure, in contrast in this study it is slightly shifted
to the negative Y-direction due to the more intense
heat loss in the positive Y-direction (first iris), Figure 8.
Additionally, the pattern of the turning point should
also be mentioned about which flow directions
deformation will exceed the other one before the
turning point. In other words, the pattern of how the
dashed line will be above/below the solid line before
the turning point should be mentioned. In the
counterflow study, AB flows to positive Y-direction and
CD flows to negative Y-direction, Figure 2, thus the
hotter flow at 1%t iris could be observed at AB channels.
Correspondingly, the larger X-deformation at the 1°
iris could be seen from the counter flow as channel AB
is situated in the positive X-direction. Hence, the
opposite results, solid line over dash line at 1% iris,

10

could be found by simply switching the flow direction
of AB and CD. This interpretation could be used for
both Y- and Z-deformation and every flow rate, as the
only difference is the magnitude of the deformation.

Concerning Y-deformation, the linear pattern is
seen along the whole structure in every flow rate as it
is allowed to linearly move in Y-direction. In addition,
counter flow shows higher deformation than parallel
flow without any turning point. As counter flow
introduces higher temperature along the whole
structure in Y-direction, compares to parallel flow only
the end of the structure will face high temperature
from the coolant. Another way to describe, both the
first and last iris faced high temperature in
counterflow, while only the last iris faced high
temperature in parallel flow. As a result of directional
deformation, the total deformation is increasing along
the structure.

Furthermore, the maximum deformation
magnitude from Figure 6 is chosen to represent
directional maximum deformation in Figure 7.
Interestingly, the maximum X-, Y-, Z- directional
deformation and total deformation difference within
two flow directions are negligible, respectively
computed at 0.074-0.098%, 0.126-0.128%, 0.015-
0.034% and 0.000-0.035%. There is no significant
difference in the flow direction to maximum
deformation of the structure.

3.2. Effect of inlet temperature gradient in a

single cell
37.45
o
S
e
=)
§ 30.49
8 ’ ambient ~ 30°C
£
(0}
'_
R
23.53 :
20 27 34

Inlet Temperature (°C)

Figure 9. Effect of inlet temperature on iris
temperature in the benchmark model.
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Figure 10. Temperature contour of the single cell with different temperature gradient configurations.
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Figure 11. Directional deformation of the iris in the single-cell study.

According to section 3.1 Effect of flowrate and
flow direction in the half-full structure, there is no
significant difference between flow direction in every
flowrate. Thus, only a single flowrate is selected to
perform the study of the inlet temperature gradient
with a single cell, 1 I/min, as it is the limitation of the
current setup of the CLIC module design [4]. Initially,
the benchmark model, the temperature of the
gradient is zero, is studied by changing the inlet

temperature, and then the iris temperature is
extracted. Interestingly, as the inlet temperature
increases the iris temperature also linearly increases,
Figure 9. To avoid the iris temperature to exceed the
initial temperature of the structure in the mechanical
study, 30 2C, the based temperature (Ty,) of 26.5 2C is
utilized for this section. The inlet temperature of every
channel is listed in Table 3, the derivation is fully
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Figure 12. Percentage deviation of distance between the opposite noses, horizontal deviation represents

X-axis, vertical deviation represents Z-axis.

Table 3. The inlet temperature is utilized in studying the effect of the inlet temperature gradient

Temperature gradient, Higher temperature path, Lower temperature path,
AT (2C) H (2C) L (eC)

0 26.5 26.5

2 27.5 25.5

4 28.5 24.5

6 29.5 23.5

8 30.5 22.5

10 31.5 21.5

Table 4. Extracted values of percentage deviation of distance between the opposite noses.

Temperature gradient, Noses deviation (%)
AT (2C€) Config. 1 Config. 2 Config. 3
X Z X Z X Z

0 0.0091 0.0089 0.0091 0.0089 0.0091 0.0089
2 0.0091 0.0089 0.0092 0.0088 0.0090 0.0090
4 0.0091 0.0089 0.0092 0.0087 0.0090 0.0092
6 0.0091 0.0089 0.0093 0.0085 0.0089 0.0093
8 0.0091 0.0089 0.0094 0.0084 0.0088 0.0094
10 0.0091 0.0089 0.0094 0.0083 0.0087 0.0095

addressed in section 2.2.2 Single-cell.

The temperature contour of a single cell is
expressed in Figure 10 with the same range of color
bar, so it can be compared across the configurations.

It is clear the higher temperature path, H, exhibits
higher temperature, while the lower temperature
path, L, shows lower temperature. It is worth
mentioning, the isothermal
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Figure 13. Cut-plane temperature contour of half-full structure with flow directions and inlet temperature

gradient.

lines of the single cell are completely different among
all configurations. It is aligned diagonally, horizontally,
and vertically in configurations 1-3 respectively.
Additionally, the directional deformations around
the iris are plotted in Figure 11, the horizontal dash
line represents the benchmark model. The marker
represents the average value, while the top and
bottom cap refer to maximum and minimum values
respectively. There is no obvious deviation across all
configurations in X- and Z- deformation. However, a
slightly deviation could be seen from the Y-
deformation. It is implied that the inlet temperature
gradient is more influenced in the Y-direction, the
longitudinal direction of the half-full structure. This

could be the major influence of the solid mechanic
boundary conditions, as one entire face is subjected to
the fixed support, while the other end-face is assigned
with displacement that allows Y-direction movement.
The important note is that these two faces are
separated by the distance of 8.312 mm, which could
lead to too many constrain for the given situation.
Thus, it is recommended to perform the inlet
temperature gradient with the half-full structure,
section 3.3 Effect of inlet temperature gradient and
flow direction in the half-full structure, to evaluate the
actual deformation.

Worth considering, the changes in distance
between opposite noses are considered in this
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section, Figure 12. As this is the only section
that both noses-paired are presented and the
deviation between the noses directly affect
the radio frequency behavior. Obviously, the
distance between noses is constant along
the temperature gradient in configuration 1,
while the rest are severely affected by the
temperature  gradient. As  predicted,
configuration 2 shows the highest horizontal
deviation since the higher temperature path,
H, is aligned in the horizontal line of the cell.
Likewise, a similar phenomenon can be
observed with configuration 3 and vertical
deviation. Therefore, benchmark model and
configuration 1 are selected to thoroughly
study in section 3.3 Effect of inlet
temperature gradient and flow direction in the
half-full structure, as it is the least affected by
the temperature gradient. In other words, the

benchmark model and configuration 1 are
more homogenized.

3.3. Effect of inlet temperature gradient and
flow direction in the half-full structure

As mentioned in section 3.2 Effect of inlet
temperature gradient in a single cell, the inlet
temperature gradient should be done on the
half-full structure. Nevertheless, only
benchmark and configuration 1 are evaluated.

The directional deformation is shown in
Figure 14, all directions of deformation are
similar to the results in section 3.1 Effect of
flowrate and flow direction in the half-full
structure. The x-deformation pattern could be
obeyed with the interpretation in section 3.1
Effect of flowrate and flow direction in the half-
full structure about the overlapping of parallel



and counter flow. However, there are two tiny
differences between the cases. Firstly, in
changing inlet temperature gradient causes the
changes in turning point position, from 15" iris in
zero gradients to 14" in a gradient of 10 °C.
Lastly, the deviation gap of X-deformation
between parallel and counter flow is more
noticeable.

The same deformation patterns with section
3.1 could be seen in Y-, Z-, and total deformation
in this section. It is tricky to directly interpret the
information from Figure 14, as the graph limits
may be influenced. Thanks to Figure 15, allows
the more precise interpretation of the effect of
the temperature gradient. Interestingly, the
maximum X-, Y-, Z- directional deformation and
total deformation difference within temperature
gradient are more significant than the section
3.1, respectively evaluated at 0.290-1.177%,
0.081-0.177%, 0.029-0.109% and 0.036-0.127%.
It is maximum increased by 12 times in the X-
direction, while the minimum increase is by 1.4
times in Y-direction. It is reconfirmed that the
half-full structure needs to be explored beyond
the single cell, to see the effect of the inlet
temperature gradient. As the results are
significantly different between single cell and
half-full structures. In other words, a single cell is
not efficiently representing the whole structure
even it reveals what would happen in the worst-
case scenario.

4. Discussion and conclusion

Thus far, we have explored many thermal
aspects for the thermal analysis of of the
Compact Linear Collider, CLIC, Klystron-based
module including flowrate, flow direction, inlet
temperature gradient, and the influence of
single cell and half-full structure simulations.
Even though we can evaluate the average values
of these aspects, local and global directional
deformation of each iris should be considered for
both average values and local distributions. For
example, the average values of directional
deformation were not significantly varied among
flow directions. Nevertheless, the single cell
study showed some deviation in the

15

distributions of directional deformation. Thus,
the distributions and localization behavior
should be additionally considered along with
other factors. Since the application of the
current CLIC module, super-accelerating
structure, concerns the deformation in micron-
scale [2]. As fully shown in the present study,
several factors affect the thermal deformation
characteristics, e.g., flow rate, flow direction,
and inlet temperature gradient. Furthermore,
every direction deformation is a concern, X- and
Z- deformation would benefit the particles’
trajectory, while Y-deformation would severely
affect the radio frequency design. Among of
these factors, all interpretations of the results
must take into account that the real constrains
of the structure are difficult to be replicated into
the simulation and they may influence somehow
the results of the deformations. These factors
and concerns need to be considered from
several aspects, namely, mechanical engineers,
physicists, and technicians. However, this report
aspect is mainly focused on the mechanical
engineer’s point of view.

To conclude, the present study explored
structure thermal analysis of of the Compact
Linear Collider, CLIC, Klystron-based module.
Based on the feasibility of mechanical assembly,
so there are only main three factors are studied,
flow rate, flow direction, and inlet temperature
gradient. It is found the combination of flowrate
and flow direction itself does not significantly
affect the deviation of deformations, maximum
0.126% difference. While inlet temperature
gradient and flow direction play a stronger role
in deformation, the maximum difference in X-
direction increase twelvefold compares to the
combination of flow rate and flow direction with
the identical scenario. Ultimately, there is no
optimal condition for minimizing thermal
deformations as one factor will affect another
directional deformation somehow. Thus, the
most appropriate condition should opt for the
desired application.
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TEERAPONG POLTUE

tpoltue@gmail.com
https://www.linkedin.com/in/tpoltue/

EDUCATION
King Mongkut’s University of Technology Thonburi Bangkok, Thailand
Bachelor of Mechanical Engineering, GPAX 3.77 Aug 2018 - May 2022
Khonkaenwittayayon School Khonkean, Thailand
Science-Mathematics Gifted Program, GPAX 3.95 Apr 2015 - Mar 2018
EXPERIENCE
European Organization for Nuclear Research, CERN Geneva, Switzerland
Research Assistant
CERN Summer Students 2022 Jun 2022 - Aug 2022

Thermal management design to minimize the thermal deformation of the Compact
Linear Collider, CLIC, Klystron-based module using finite element simulation.

King Mongkut’s University of Technology Thonburi Bangkok, Thailand

Research Assistant

Center for Lightweight Materials, Design, and Manufacturing  Jun 2021 - May 2022
Development of metal implant using additive manufacturing of metal
Development of porous media for heat transfer applications
Surgical cutting guides design for dental surgery
Pullout force simulations for a novel dental implant

Advanced Computational Mechanics Laboratory Jun 2020 - Aug 2020
Design for crash safety of electric heavy quadricycle structure

Master of Ceremonies Nov 2019 - May 2022
University’s English master of ceremonies
Project Captain Apr 2019 - Jun 2019
Department’s annual camp for high school students
Department’s Student Body President Jan 2019 - May 2022
Students’ representative of department of mechanical engineering

Thai Public Broadcasting Service Bangkok, Thailand
Television Presenter Jul 2020 - Aug 2020

Host a scientific show for kids
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PUBLICATION

Design exploration of 3D-printed triply periodic minimal surface scaffolds

for bone implants Aug 2021
International Journal of Mechanical Sciences
https://doi.org/10.1016/j.ijjmecsci.2021. 106762

« Six different TPMS structures were evaluated for their suitability as bone implants.

« FE modeling and CFD analysis were utilized to evaluate mechanical and flow

behavior.
* Proposed design maps matched TPMS implants with characteristics of cortical bones.
+ Gyroid, Diamond, and Primitive were promising candidates for 3d-printed implants.

Mechanical and Fluid Characteristics of Triply Periodic Minimal Surface Bone

Scaffolds under Various Functionally Graded Strategies June 2022
Journal of Computational Design and Engineering
https.//doi.org/10.1093/jcde/qwac052

+ Graded IWP solids were created by simultaneously varying local parameters.

+ The influence of grading patterns on the mechanical and flow behaviors was examined.

+ The effective modulus and permeability were highly affected by grading patterns.

+ The effect of physical responses in graded TPMS should be carefully considered.

PATENT

Bone Implants from Triply Periodic Minimal Surface Structure Under Review
* Porous structure with interconnected pores which promote cells attachment.

« Structures were generated using Triply Periodic Minimal Surface equation.

+ Both uniform and graded structures were claimed in this patent.




g2 aong NI (@)
;:::S—\f{" NARIT %
=) NSTDRA "7 » M“P @nw ﬂ. x.“ ‘} POWER OF INNOVATION m




	ธีระพงษ์ พลตื้อ
	คำนำ
	กิตติกรรมประกาศ
	สารบัญ
	บทที่ 1 โครงการนักศึกษาภาคฤดูร้อนเซิร์น 2565
	บทที่ 2 งานวิจัยที่ได้ทำร่วมกับเซิร์น
	บทที่ 3 รายงานชีวิตประจำวัน
	ประวัติส่วนบุคคล



