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figure 4.9. The Engineering Data, Geometry (DM) and Model were commonly used
for all calculation modules.

The data is transferred between each module for solving. The result of
temperature contour calculated by each module called Solution. The Solution would
be the Setup of next module; i.e. the initial temperature is the output temperature of
previous module.

The model information could be reported from the program, e.g.,
geometry and dimension of the condenser model, mass, volume, etc. For example;

1) Size of condenser boundary box in ANSYS was 0.21 m x 2.284 m x

0.6 m,

2) The condenser solid model has mass and volume about 1.9272 kg and
0.28838 m’, respectively.

3) The condenser model in ANSYS composed of 15 components, totally
59 bodies; “BK'T Lower” x 2, “BK'T Upper” x 2, “RD PAD” x 1,
“Outlet PAD” x 1, “Inlet PAD” x 1, “RD BK’T” x 1, “Inlet Pipe” x 1,
“Outlet Pipe” x 1, “SIDE PLATE” x 2, “Body Distributor” x 2,
“Body Tube” x 44, and Boundary x 1 (see also Appendix A).

Once the input; 3-D modeling information, and properties are
summarized, the simulation process was conducted separately starting from the Dry-
off, Zonel to Zone 6 and ending with the cooling zone, using the same Geometry 3D
model, Engineering data and meshing information.

The first zone, Dry-Off Zone, has initial uniform temperature at 35°C
(Setup). For the Zone 1 through the Cooling Zone, initial temperature was not
uniform, and receiving transferred temperature resulted from the earlier zone
(Solution) to be the initial temperature (Setup).

The diagram of ANSYS simulation for 8-Zone systems was shown as
figure 4.9. The sequence of ANSYS model generation based on the Transient

Thermal module is summarized in table 4.2.



Table 4.2 The sequences of ANSYS Model generation.
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Table 4.2 The sequences of ANSYS Model generation. (Continued)
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Table 4.2 The sequences of ANSYS Model generation. (Continued)
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e: Temperature
t: °C

(a) Dry off Zone. (b) Zone 1.

32.767 Min

(g) Zone 6. (h) Cooling Zone.

Figure 4.10 Temperature Contour
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The contour represents temperature distribution of the condenser. Actually,
three thermocouple probes were installed at 3 points on the condenser, so that the

measured temperatures would be used for model validation.

4.2.3 Condenser temperature measurement

Condenser temperature measurement was done to verify the simulation
model. The photos of experimental equipment are shown in figure 4.11. The
experimental condition is similar to the actual condenser production process.

Temperature on condenser was measured by the thermocouple type-K at the
same points whereas the specified temperature probes were located in the simulation

model. The measured temperature was plotted in figure 4.12.

e i

(b) Thermocouple type-K for temperature measurement

Figure 4.11 Instrumentation for actual experiment
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8-Zone system simulation result compare with experiment

Temperature (0C)
700

600

500

Figure 4.12 Experiment temperature profile compared with simulated result.

The measured temperature values were recorded by the data logger, setting
time step as 1-second intervals. The simulated temperatures were also at each 1-sec
time interval. In comparison between experiment and simulation results, the point-to-

point and pair-to-pair data was analyzed statistically by the MiniTab software.

4.2.4 Model verification

The verification by experiment result must be done to ensure the accuracy of
the ANSYS model. The simulated result of 8-Zone systems would not be acceptable
until the model is verified satisfactory, based on the control parameter. Nevertheless,
the resulted error still excesses the expected R-square regression as shown in figure
4.13. Therefore, some zones are needed to split of their inputs; ambient temperature
and convection coefficient to several subzones called fine-tuning.

Considering averaged 3 points (figure 4.13(g) and (h)), R-square is 55.8%
while the best R-square is 59.9% at channel2. Much attempt through several trial
approaches have been carried out to solve this problem. Finally the only solution was

fine-tuning by separating the brazing furnace model into 21-zone systems.
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(g) Average 3 points comparison.

(h) Average 3 points fitted line plot.

Figure 4.13 Comparison of experimental and simulated temperature profiles
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4.3 Simulation in ANSYS

Simulation in ANSYS was carried out by adjusting the heating zone,
repeating the analysis procedure following the adjusted input parameters. As
mentioned in section 4.2, the model was adjusted to improve the R-Square values. It
should be noted that the single convection coefficient, /, in each zone resulted in only
one temperature slope. However, several zones have actually various slopes due it the
nature of curved profile. Therefore, the simulation model is spitted into be 21-zone

system arbitrarily.

4.3.1 Zoning adjustment

The 21-Zone following the actual temperature profile is shown in figure

Temperature [C) Zone Splitting — G CH1-2-3
700 mmmOrg B Zone
Dry-Off Zone 1 Zone 1 l Zone 4 Zone 6 Cooling Zone =—=iplit21Zone
600 {— Zone3 | Zones — h 1
1 vJ] = ] X1V I!DCI
1 N |
500
N XV
i VIm /V NXT
400 X \
“T1 ]I[ ‘\
/ - -
200 w | XVII i
v X1
‘L y XV
200 ’i-
XTI I
XIX
| VI XTI 1
. ! | | |
0 300 600 900 1200 1500 1800
Time [sec.)

Figure 4.14 The 21-zone brazing furnace.

4.3.1.1 Revised information flow diagram
The information flow diagram of ANSYS simulation model is revised to
the 21-Zone system as shown as figure 4.15, based on similar concept as the 8-Zone

system including Geometry 3-D model, Engineering data and Meshing.
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The first zone, Zone I has initial temperature at 35°C, connected to the

Zone II through the last zone, Zone XXI by transferring temperature each other.
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Figure 4.15 Flow diagram of ANSYS Simulation model (21 Zone).
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4.3.1.2 Inputs of ANSYS model

Inputs of ANSYS model after re-splitting zoning to be 21-Zone system
are summarized in Table 4.5. However, the mesh belt speed is maintained at 1,000
mm/min as well. The ambient temperature was similar to the case of 8-zone system.
In this case, the dominant parameters were; time duration, convective heat transfer
coefficient (4) and additional radiation coefficient by specifying the emissivity of

each zone.

Table 4.5 Details of parametric set up of 21-Zone system model.

Time Acc. h Ambient Ambient
Zone Duration | Time (W/m.K) Emissivity Temper::ture Temperoature
(sec) (sec) Start CC) Stop (CC)
I 45 45 8 0.02 35 200
II 37 82 23 0.03 200 200
1M1 60 142 24 0.03 200 200
v 66 208 25 0.03 200 200
A\ 44 252 8 0.03 200 35
VI 49 301 3 0.02 35 35
VII 108 409 5 0.03 35 560
VIII 158 567 2 0.04 560 580
IX 217 784 3 0.05 580 600
X 70 854 5 0.06 600 610
XI 102 956 4 0.06 610 615
XII 194 1150 4 0.06 615 620
XIIT 58 1208 5 0.05 620 400
XIV 149 1357 12 0.04 400 350
XV 63 1420 15 0.03 350 300
XVI 80 1500 8 0.03 300 250
XVII 87 1587 5 0.03 250 200
XVIII 37 1624 30 0.02 200 35
XIX 74 1698 35 0.02 35 35
XX 48 1746 40 0.02 35 35
XXI 54 1800 45 0.02 35 35

Details report from ANSYS was summarized in Appendix A.
Information was provided for 3-D modeling of each component, including their

properties.
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The brazing furnace physical properties, in comparison between 8-Zone
system and 21-Zone system, are given in Table 4.6. The zone length (mm) of the 21-
zone was converted to time (second) by multiplying with the Mesh Belt speed factor

(mm/min). The critical zones being re-divided are Dry-Off, Zone I and Cooling zone.

Table 4.6 Physical properties of 8-Zone and 21-Zone system.

8-Zone System 21-Zone System
Zone Length (mm) | Time (sec.) Zone Length (mm) Time (sec.)
I 750 45
Dry Off 3000 180 II 617 37
11T 1000 60
v 1100 66
Zone 1 2953 177 v 733 44
VI 817 49
Zone 2 2680 161 VII 1800 108
Zone 3 2081 125 VIII 2633 158
Zone 4 2010 121 IX 3617 217
Zone 5 2010 121 X 1167 70
Zone 6 2283 137 XI 1700 102
XII 3233 194
XTI 967 58
X1V 2483 149
XV 1050 63
XVI 1333 80
Cooling 12967 778
XVII 1450 &7
XVIII 617 37
XIX 1233 74
XX 800 48
XXI 900 54
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4.3.1.3 Temperature profile prediction

Temperature profile predicted by the 21-zone model was shown in figure
4.16. The progressive temperature distribution due to heating and cooling in the
brazing furnace could be obviously illustrated.

The ANSYS model was related to the Brazing Furnace temperature
setting at the control panel by the program inputs; i.e., ambient temperature, time
duration encountering mesh belt speed (mm/min). Therefore, the model variable was
reduced to be only the convection heat transfer coefficient (h) which will be used for
anticipating the result, once any parameter or condition changed. Table 4.7 shows the
relation between temperature set up of the Brazing Furnace and ambient temperature

of each zone.

4.3.2 Verification of ANSYS model

The verification of the 21-zone ANSYS model was done by comparison of
the experimental results and the (4 sets) simulated results; Channel 1, Channel 2,
Channel 3 and the Average from 3 Channels. Temperature profiles and curved fitting
lines are depicted in figure 4.17.

The statistical data; Mean, Standard Deviation, SE Mean, Estimation of
Difference, T-value, P-value, Pearson correlation and Regression analysis are
summarized in table 4.8 and 4.9.

Mean, Standard Deviation and SE Mean are describing the nature of each
data set itself. P-value or probability value is using for statistical hypotheses test
referring to specify a for testing judgment. Normally the o value was set at 0.05
while the P-value as large as possible, so that it would guarantee the conformance
between 2 sets of data.

Considering 3-points averaged temperature, the best R-square is 99.70%. For
point-to-point comparison, the best R-square is 99.20% at channell, while the worst
R-square is 98.30% at channel2. Normally, for 2 set of data comparison, R-square
should be at least 80% to represent the conforming of both data sets. It could be
summarized that all the regressions are higher than 80%, and P-value of averaged
temperature was higher than o, therefore, the predictive model achieved an

acceptance level.



64

Uinit: °C

Uit "G
Times 60
26/3/255 15:11 —— 26/3/2557 15214
58,646 Max E 179.73 Max
56019 = 16365
53302 § 14756
50764 1314
8137 == 154
=
45509 = 33323
2882 13242
40255 67,151
w607 = sLo8L
35 Min g F5 Min

Unit; *C Uinit: *C

Time: €8 Time: 49
2632557 15:14 26/3/2557 15:45
162,02 Max
147.01

Unit: *C
Time; 156
26/3/2557 15:16

406.56 Max
3527

32199
1
4142
.14
15885
1757
16384
35Min

Linit: °C.
Time: 102
26/3/2557 15:18

603.48 Max
54032
47715
41290
35062
87,66
2449

Unit: *c
Time: 140
267372557 15:19

476.75 Max
421.67
37858
3285
8042
8133
182.25

Figure 4.16 Temperature distribution of 21-zone model (a) Initial condition —

Meshing, (b) Zone 1, .., (v) Zone XXI
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Figure 4.16 Temperature distribution of 21-zone model (a) Initial condition —

Meshing, (b) Zone I, .., (v) Zone XXI (Continued)

Table 4.7. Temperature of 21-Zone of Brazing Furnace.

Brazing Furnace Zone | Temperature Set up (°C) | Simulation Model Zone
Dry off 200 I-1v
Ambient 35 V-VI
Zone 1 560 VII
Zone 2 580 VIII
Zone 3 600
Zone 4 610 X
Zone 5 615
Zone 6 620 XII
400 XIII
350 X1V
Cooling 300 XV
250 XVI
200 XVII
Ambient 35 XVIII - XXI
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‘Time Series Plot of CH1, Probe-CH1

Time Series Plot of CH2, Probe-CH2

Time Series Plot of CH3, Probe-CH3

re (C)
. B B B &8 & 8

Temperatur

Tenperature (C)

. 8 8 8 &8 & 8

Time (sec)

1 180 360 540 720 900 1080 1260 1440 1620 1800

1 180 360 540 720

Time (sec)

900 1080 1260 1440 1620 1800

re (€)

. B B B 8 8 8

1 180 360 50 720

900 1080 1260 1440 1620
Time (sec)

Time Series Plot of AVG CH1-2-3, Avg-Probe CH1-2-3

0
Time (sec)

1 10 % Sio 720 500 i0e0 1260 1440 1620 1800

. 8 8 8 &8 & 8

Fitted Line Plot
= - 9072 +0.9781 ProbeCt

Fitted Line Plot
2= 9797 + 1.006 Probe-

Probe-CHL

. EBEE B E EE

Fitted Line Plot
CHB = -0.769 + 0.9998 Probe-CH3

. B B 8 8

mmmmm

. B B E 2 8 8

Avg-Probe CH1-2-3

Figure 4.17 Temperature profile and fitted line plot; (a) Channell-Probel

temperature profile, (b) Channel2-Probe2 temperature profile, (¢c) Channel3-

Probe3 temperature profile, (d) Average temperature profile, (¢) Channell-Probel

temperature fitted line, (f) Channel2-Probe2 temperature fitted line, (g) Channel3-

Probe3 temperature fitted line, (h) Average temperature fitted line.

Table 4.8 Summary of two sample t-test statistical data.

Two-Sample T-Test (Experiment - Simulation)

Item Channell Channel2 Channel3 Average
Exp. | Sim. | Exp. | Sim. | Exp. | Sim. | Exp. | Sim.

Mean 346 | 363 | 359 | 347 | 353 | 354 | 353 | 355
Standard deviation 174 | 177 | 187 | 184 | 181 | 180 | 179 | 180
SE Mecan 4.1 4.2 4.4 4.3 43 43 42 42
. -17.03 11.80 -0.85 2.02
difference
T-Value -291 1.91 -0.14 -0.34
P-Value 0.004 0.056 0.888 0.735
Pearson correlation 0.996 0.991 0.994 0.998
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Table 4.9 Summary of regression analysis statistical data.

Regression Analysis (x = Experiment, y = Simulation)

Item Channell Channel2 Channel3 Average
Regression
Equation y=-9.07+0.978x | y=-9.80+1.010x | y=-0.77+1.000x | y=1.14+0.991x
S 15.4629 24.2748 19.9526 10.0635
R-Sq 99.20% 98.30% 98.80% 99.70%
R-Sq (adj) 99.20% 98.30% 98.80% 99.70%
SS 53953420 61562247 58564484 57287156
MS 53953420 61562247 58564484 57287156
F 225650.34 104472.93 147107.45 565670.38
P 0.000 0.000 0.000 0.000

4.4 Development of Defective Check Sheet

Defective check sheet were developed for data gathering of most importance
information from the condenser process as an actual assembly line. The model
simulation and experiments mostly concern with the initial running and parameter
setting up of the brazing furnace. The activity of the actual manufacturing assembly
process was recorded, resulting in the designed inputs of the brazing furnace. The
novel method of data recording is required to match information from simulation to

the experimental result.

4.4.1 Statement of problem

In Thailand, the automotive condenser manufacturer has been long-term
operated to support the automobile industries. The largest manufacturer was selected
as the case study in this research. Nevertheless, the assembly lines were recently
recovered and started up after the flooding crisis in Thailand during the end of year
2011.

During the period 2011- 2013, the manufacturer has faced a problem of a lot
of defects found at the condenser assembled from the Brazing furnace. The high
defective rate affected the productivity, profit, and opportunity to deliver high quality
products to customers. Therefore, the defect data was recorded systematically since

June 2012.
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In FY2012 (April 2012 — March 2013), average defective rate was totally
about 12%. Unfortunately, the defect reached 20% in some months. Then, many
measures have been implemented to solve the problem, for example, adjusting
temperature of brazing furnace from zone 1 to zone 6 individually, adjusting brazing
furnace mesh belt speed and the other minor measures.

Consequently, the defective Pareto chart was developed for the Model-A
condenser based on defect data during June 2012 to March 2013. Total defect quantity
during 10 months period was 19,731 pieces (100%), which over 50% of total defects
were contributed by the top 3 defect types consisting of (1) tube scratched, (2)
unsoldered bracket, and (3) unsoldered fins. As a result, the research discussed in this
section would focus on these top 3 defects of a model-A condenser, almost found at
brazing furnace process.

The analysis was started from the 4M concept; Man, Machine, Material and
Method, to identify the root cause of the relevant defects. The 4M analysis could be
summarized as follows:

1) Man: Assembly process of the condenser was semi-automatic. The
operation control was very important to maintain the standard of high
quality production among all operators.

2) Machine: All of the relevant tools and jigs of the machine were adjusted
to support the critical points of condenser. The TPM (Total Productive
Maintenance) was implemented associated with Japan Institute of Plant
Maintenance (JIPM). TPM house consists of 8 pillars activities: (1)
Focused Improvement (FI), (2) Autonomous Maintenance (AM), (3)
Planned Maintenance (PM), (4) Education Training (ET), (5) Early
Management (EM), (6) Quality Maintenance (QM), (7) Office
Improvement (OI) and (8) Safety/Environment (SE) with all employee
participation. Considering for improvement, the Overall Equipment
Efficiency (OEE) should reach zero break-down, zero defect and zero
accident. For AM, the machine operator should be well-trained for self-
maintenance, and for Preventive Maintenance (PM) based on scheduling
maintenance of severe machine. However, in the case study factory, the

brazing furnace has been usually operated based on the dealer’s manual.
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3) Material: Every condenser components were supplied by the outsourcers
or in-house makers. These parts must follow the engineering
specification, including standards on physical (geometry, dimension, and
configuration) and chemical (material composition) properties.

4) Method: Depending on the ISO/TS16949 standard requirements;
including procedures, work instructions, check sheet, document control,
etc., the work and time study should be implemented with continuous

improvement.

The production improvement would reduce the relevant defects during the
assembly process in the brazing furnace. The defect analysis would identify the root
cause of the problems. The author expected that the defective ratio would reduce to

reach the acceptable level at 3%.

4.4.2 Defective check sheet

Initially, a measure to reduce the defect was to implementing the “Defective
check sheet” for recording and analyzing the defect data. The analyzed information
should be able to answer the following questions;

*  How many types of defect?

*  How many defects in each type? and,

»  Where are the locations of those defects?

The defective check sheet was generated and implemented in the process to
record defective type, quantity and position. Figure 4.18 illustrates the defect check
sheet for routine recording of the actual defective check sheet, recorded on 22 January
2014 day shift for the model-A condenser. All defect types, quantities and positions
have been captured for further analysis.

The data from the recorded check sheet is summarized for future analysis of
any problem issue. Figure 4.19 shows the frequencies of defects highlighted by color
shades. The mapping defective point during June 2012 to October 2013 was
summarized for the model-A condenser. To identify the root causes, this information

was mapped with the notable condition found during process control.
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Pareto chart could be performed to prioritize the defect type. The top 3
defects as referred to the Pareto chart are shown in figure 4.20. The Pie chart presents
the ratio of frequent positions of the major defects such as tube scratching, bracket
not soldered and fins not soldered, categorized by their positions as shown in figure
4.21.

Firstly, the “tube scratch” defect was often found at the position 12, 10, 13
and 11, respectively. These points located at the corner of condenser which received
heat easily or being over heat supplying as compared to the other positions. When the
tube absorbed large amount of heat at these positions, aluminum on the tube surface
will be over-melted and flown-off, and then generated scratch on the tube

Secondly, the “Bracket not soldered” defect, was mostly found at position 3,
at a corner of the condenser nearby the Outlet Pad (heaviest component), because the
heaviest component part absorbed larger amount of heat. Then, the surrounding areas
received under-heat supplying. Whenever heat was not sufficient, the bracket cannot
reach the melting point of aluminium, causing not soldering defect.

Thirdly, the “fin not soldered” defect was regularly found at position 10, 13,
11 and 12, respectively, caused by similar root cause as the second defect. Heat was
under-supplying to almost fin because of nearby heavier component parts absorbed

such amount of heat.

4.4.3 Experiment and validation

The defect types and quantities recorded by the defective check sheet were
analyzed, especially at the problem areas of condenser. The contribution of those
major defects by their positions is depicted in figure 4.21. The numerous defects were
due to unbalanced heat supply. Therefore, an experiment was conducted for
measuring temperature profile of the doubtful components of the Model-A condenser.

The temperature was measured at 3 different locations of condenser. The
measurement was done by thermocouple type-K with SUS316 shield. Three
measuring channels categorized by part density; channel 1 (high density), channel 2
(low density), and channel 3 (moderate density). The lightest one contained only the
flat tubes and louvered fins. The moderate one located at the bottom-right corner. It

was noted that the channel 1, 2 and 3 were located at the position 12, 32 and 11,
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respectively. The measured results from these positions were related to defective

check sheet.
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Figure 4.18 Actual defective check sheet record for model-A.
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Figure 4.21 Defective position ratio for each top defect type of model-A.

Analyzed information from the defective check sheet helped to verify the
result from experiment and simulation as aforementioned. Because most of the defects
are concern with inappropriate heat supply, such as over-heating defect groups (tube
scratch, fin melt, etc.) and under-heating defect groups (bracket not solder, fin not
solder, etc.). Then, most often defective points can be interpreted back to the data

from experiment, in comparison with temperature contour from the simulation.
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4.5 Application of ANSYS model

The ANSYS simulation model was created based on actual condenser
assembly process in a brazing furnace. The model was readily verified by the
condenser temperature measurement aforementioned. Moreover, the application of
model could be applicable even (1) changing operating condition of brazing furnace,

or even (2) the employment of novel brazing furnace.

4.5.1 Novel brazing furnace

As discussed in the preceding section, the experiment and simulation was
carried out with the original brazing furnace called Brazing #1. Fortunately, the
requirement of automotive part has been increased according to the expansion of
automotive market demand. Therefore, the production volume and capacity of
condenser assembly manufacturing could be accordingly increased as well.

In FY2013, the case study factory has expanded investment by installing the
new brazing furnace machine called Brazing #2. The machine model of the novel
brazing furnace was similar to an original one. However, the physical properties still
needed to be set up, so that the new control condition would suit to the practical
operation. Then, the simulation of the developed model is a must. The experimental

and modeling approach from the Brazing #1 can be applied successfully.

4.5.2 Experiment on novel brazing furnace

Experiment of condenser was the assembly process inside the Brazing #2.
The thermocouple type-K was installed at 5 positions of the condenser to gather
information from additional two critical points. Figure 4.22 show the loading
condenser to Brazing #2 in experiment and figure 4.23 show the 5-channels

thermocouple type-K for the temperature measurement.



Figure 4.23 Thermocouple type-K of 5 channels for experiment of Brazing #2.
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4.5.2.1 Brazing furnace set up

Basically, the brazing furnace set up for the Brazing #2, was exactly
same as the Brazing #1, except the lift time, was rather different. The tunnel wall
thickness, insulation properties and other heat transfer component properties were
also changed. Table 4.10 show the brazing furnace parameter set up in comparison

between two Brazing machines.

4.5.2.2 Revised ANSYS input

Although some input parameters of Brazing #2 have been changed, it
was probable to revise the ANSYS simulation model, the Transient Thermal module,
21-zone system, i.e. the temperature setting of each zone as well as the ambient
temperature. The mesh belt speed was reduced from 1,000 mm/min to 875 mm/min
affecting variation of the time duration in each simulation module. Table 4.11 shows

the comparison of input data between the original and the modified model.

4.5.3 Modeling and simulation of novel brazing furnace

The flow diagram in an ANSY'S model of the Brazing #2 was similar to that
of the Brazing #1. The adjusted parameters were ambient temperature and time
duration. Figure 4.24 shows the temperature contour from simulation of the novel

brazing furnace.

4.5.4 Verification of novel brazing furnace model

The model of the novel brazing furnace was verified with the experiment
result. The comparison of temperature profile and the curve-fitting are illustrated in
figure 4.25(a) and 4.25(b), respectively. The statistical data for comparison; Mean,
Standard Deviation, SE Mean, Estimation of Difference, T-value, P-value, Pearson
correlation and Regression analysis are summarized in table 4.12 and 4.13.

The application of adjusted simulation model can anticipate the brazing
furnace condition at R-square 96.4% and P-value greater than o, therefore, the
predictability of ANSYS simulation model is considerably within the acceptance

level.



Table 4.10 Control input parameter for Brazing #2.
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Brazing Furnace Original Furnace | Deployed 2™ Furnace
Dry-Off (°C) 200 200
Zone 1 (°C) 560 530
Zone2 (°C) 580 570
Zone 3 (°C) 600 600
Zone 4 (°C) 610 615
Zone 5 (°C) 615 625
Zone 6 (°C) 620 625
Mesh belt Speed (mm/min) 1,000 875

Table 4.11 Simulation model parameter input data apply to Brazing #2.

Original Brazin .
Fixed Parameter Fu%nace Modelg Furlﬂeclélgfilsge]ls;zzrl:ie ter
Parameter
. . Tem Tem, . Tem Tem
Zone (}l’lw 53:;; ;l;l;“; Starlt) Stolf ;l;l;“; Star[t) Stopp
m ) ‘C) ‘C) ) ‘C) ‘C)
I 8 0.02 45 35 200 51 35 200
1I 23 | 0.03 37 200 200 42 200 200
1II 24 | 0.03 60 200 200 69 200 200
v 25 | 0.03 66 200 200 75 200 200
A% 8 0.03 44 200 35 50 200 35
VI 3 0.02 49 35 35 56 35 35
VII 5 0.03 108 35 560 123 35 530
VIII 2 0.04 158 560 580 181 530 570
IX 3 0.05 | 217 580 600 248 570 600
X 5 0.06 70 600 610 80 600 615
XI 4 0.06 102 610 615 117 615 625
XII 4 0.06 194 615 620 222 625 625
XIII 5 0.05 58 620 400 66 625 400
XIV 12 | 0.04 149 400 350 170 400 350
XV 15 | 0.03 63 350 300 72 350 300
XVI 8 0.03 80 300 250 91 300 250
XVII 5 0.03 87 250 200 99 250 200
XVII | 30 | 0.02 37 200 35 42 200 35
XIX 35 | 0.02 74 35 35 85 35 35
XX 40 | 0.02 48 35 35 55 35 35
XXI 45 | 0.02 54 35 35 62 35 35
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Figure 4.24 Meshing and Temperature distribution of Zone I to XXI
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Figure 4.25 (a) Average temperature profile comparison and (b) fitted curve.



Table 4.12 Application of simulation model - two sample t-test statistical data.
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Two-Sample T-Test (Experiment - Simulation)
Item Channell Channel2 Channel3 Average
Exp. | Sim. | Exp. | Sim. | Exp. | Sim. | Exp. | Sim.
Mean 353 | 365 | 359 | 349 | 350 | 356 | 351 | 356
Standard deviation 187 | 182 | 201 | 188 | 191 | 185 | 184 | 185
SE Mean 4.4 4.0 44 4.1 4.2 4.1 4.1 4.1
Est. for diff -11.17 10.55 -5.49 -5.82
T-Value -1.87 1.74 -0.94 -1.01
P-Value 0.062 0.082 0.350 0312
Pearson correlation 0.994 0.895 0.990 0.982

Table 4.13 Application of simulation model — regression analysis statistical data.

Regression Analysis (x = Experiment, y = Simulation)

Item Channell Channel2 Channel3 Average
Regression
L on y=-19.6+0.983x | y=26.6+0.954x | y=-13.4+1.02x | y=1.15+0.980x
S 20.6500 89.4470 26.2918 35.1336
R-Sq 98.80% 80.10% 98.10% 96.40%
R-Sq (adj) 98.80% 80.10% 98.10% 96.40%
SS 61001332 66238190 73609481 67431172
MS 61001332 66238190 73609481 67431172
F 143054.09 8278.99 106485.76 54628.11
P 0.000 0.000 0.000 0.000

In this Chapter, the soul of this research work; modeling, simulation, and

verification by experiments were analyzed, interpreted, in-depth discussed and

presented carefully to confirm that the research output could achieve the objective and

assuredly overcome the statement of problem appropriately. The research conclusion

and recommendations for future work will be presented in the following Chapter.



Chapter 5

Conclusion and Recommendation

The research focused on modeling and simulation of the condenser model-A
by predicting the temperature distribution of the condenser during passing through the
brazing furnace, using the engineering software named ANSYS™. Therefore, the root
cause of the significant top-3 defects problem could be clearly identified. The
condenser and brazing furnace have been in-depth studied to understand the relevant
condition of the condenser in the brazing furnace.

Accordingly, the objectives of this research are (1) to model and simulate the
condenser for the automotive air conditioner and (2) to develop the appropriated
conditions for the brazing furnace. Both objectives are fulfilled as shown the results in
the previous chapters.

The research activities are; (1) development of condenser model-A 3-D
modeling by the AutoDesk Inventor, (2) preliminary simulation of heat supply
phenomena from the brazing furnace to the condenser by the ANSYS™, (3)
simulation of the ANSYS model after adjusting the relevant parameters, (4)
experimentation to verify condenser temperatures using type-K thermocouple
measurement, (5) development of the defective check sheet implementing in the
actual manufacturing process, and (6) application of the developed ANSYS
simulation model to the novel Brazing #2 furnace.

Finally, the expected outcomes achieved are; (1) reduction of the defective
ratio in the brazing process, (2) clarifying the behavior and characteristics and the
optimum operating conditions of the brazing furnace, (3) understanding of the heat
transfer process and obtaining the temperature distribution of the condenser and the
brazing furnace by ANSYS™ simulation model, and finally (4) improving the

condenser assembly process yield accordingly.
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5.1 Conclusion
(1) Condenser modeling.

All components of the condenser have been precisely 3-D modeled
by AutoDesk Inventor. However, to simplify the model, some unconcern
components were possibly excluded from the 3D model before importing to
ANSYS; e.g. receiver dryer with holding and supporting tools, pressure

switch and mount rubber.

(2) Preliminary simulation model by ANSYS.

Initially the simulation was performed based on the 8-zone system
following the controlled parameter of the brazing furnace, and then the
boundary condition and the meshing have been generated. The simulation
result was verified with experimental result, however, the statistical index

showed an unacceptable level; i.e. the maximum R-square only 59.9%.

(3) Modified simulation model

To achieve higher accuracy model, the model must be modified by
redefining the temperature zone of the brazing furnace to be the 21-zone
system. Fortunately, most of the input parameters were similar to those of the
preliminary simulation; however, time duration and convection heat transfer
coefficient (/) setting for each zone were changed. The simulation result was
improved resulting in R-square about 99.70% and P-value about 0.735,

showing conformance between experimental and simulation results.

(4) Verification of the ANSYS simulation model

The model must be verified by experimental results, based on
comparison of the measured temperature on condenser, during loading inside
the brazing furnace, with the simulated values from ANSYS. In the 1*
preliminary and the 2" refined simulations, there were three and five
channels of the temperature measurement, respectively. Moreover, the
simulated results were also crosschecked by comparing with the analyzed

data from the defective check sheet based on the actual brazing operation.
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(5) Development of defective check sheet

The defective check sheet was developed and implemented for
gathering the defect information from the actual condenser assembly line.
The defect type, quantity and position have been recorded in the defective
check sheet by the factory operators. Data from the defective check sheet has
been summarized and analyzed case-by-case. The top-3 defects, tube
scratching, bracket not soldered and fins not soldered, were investigated for
their root cause. It has been clearly shown that the defect positions were
coincident with the unbalanced heat application points, which also

conformed to the experimental and simulated results.

(6) Application of ANSYS model

The ANSYS model of the condenser based on the Brazing #1 was
effectively applied to predict the temperature profile of the Brazing #2. The
simulation result was found in an acceptable level, showing R-square about
96.4% and P-value about 0.312, which less than those of the Brazing #1
model. This could prove that the hypothesis was come true, and both data
sets were conformance. In brief, the ANSYS model was effective in
predicting the temperature distribution and time variation of ununiformed
temperature of the condenser during passing through the brazing furnace
tunnel. Finally, the crucial information from the clarified brazing furnace

behavior enhanced defect reduction and improvement of productivity.

5.2 Recommendation
The simulation model developed by the ANSYS™ software has been
proofed by the predictable accuracy within the acceptance level. Anyway, for the
future improvement, there are some recommendation points listing up as below.
(1) 3-D modeling in this research was excluding the louvered-fin details
because of limitation of the computation resource and such a long
computational time required by simulation. The complete 3-D model

of the condenser including the louvered-fin having fine-details of the
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other components part would be expected to increase the model
accuracy.

Actually, the thermal stress could also be identified at some significant
areas of temperature contour. However, it was not yet focused by this
research. Therefore, the future research work could highlight particular
small area by reducing of the control volume domain. The specific
point might be further investigated depending on the confront problem
or the other significant defects.

The simulation ANSYS model was based on the constant mesh belt
speed at 1,000 mm per min. The simulation could also be conducted by
varying the mesh belt speed due to two reasons; (1) the new operating
condition after overhaul maintenance, and (2) changing to another
brazing furnace machine.

The Design of Experiment (DOE) might be applied to set up
appropriated simulation cases. The parameter optimization techniques
such as Taguchi method could also be employed.

The actual measurement was conducted in two operating conditions
due to cost restriction. However, if possible the further experiment
should be performed to verify the altered simulation condition and
validate the simulated result for optimization to recommend the best-fit
parameter set.

The defective check sheet (DFS) was implemented focusing only on a
model-A. Anyway, the other condenser model might be investigated
using this developed approach to analyze their root causes. The benefit
of the defective check sheet is to crosschecking the simulated results.
The position where the type-K thermocouple to be installed would be
guided by the DFS. The variation of the defect conditions found in the
DFS should be clarified.
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A
A.1 Brazing furnace diagra
Drawing of brazin t diagram such as position of heat
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A.2 Condenser Model-A diagr

Assembly drawing odel-A for reference of overall
dimensioning and sizing wer elow.
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A.3 ANSYS Simulation Report

Simulation process and results running from ANSYS software since 3D
model preparation, initial condition and parameters setting, intermediate information
during calculation until the final temperature contour results were shown as below

report.

Project
First Saved| Sunday, February 17, 2013
Last Saved | Wednesday, December 18, 2013

Product Version 14.0 Release
Save Project Before Solution No
Save Project After Solution No

L
0,000 0,300 () {‘[\ v
T —

0150
Units
Unit System | Metric (m, kg, N, s, V, A) Degrees rad/s Celsius
Angle Degrees
Rotational Velocity rad/s

Temperature Celsius




Geometry

Object Name Geometry

State Fully Defined

G:\GrA'\Master Degree\Condenser Mode\ANSY S\Fine Tune

Sourc Simulation Condenser15_files\dp0\SYS\DM\SYS.agdb

T DesignModeler

Length Millimeters

Element Co Program Controlled

Displa; Body Color
021 m

~ Length>
h 2.284 m

"~ Length: 0.6 m

0.28838 m?

1.9272 kg

1.

59

59

200642

44899

None

eters Yes

ameter Key DS

Attributes No

amed Selections No

No

Yes

No

No

Yes

No

tach File Via Temp File Yes

porary Directory C:\Users\chiradool th\AppData\Roaming\Ansys\v140

3-D

Yes

No




Geometry > Parts

Object Name| BK'TLower:1 | BK'TLower:2 | BK'T UpperR:1 | BK'TUpperL:1 |  RD PAD:1
State Meshed
Visible Yes
Transparency 1
Suppressed No
Stiffi :
B elhal‘lg(s; Flexible
© in .
ey Default Coordinate System
By Environment
Aluminum
Yes
Yes
4.9¢-002 m 3.e-002 m 4.5879¢-002 m | 4.7448e-002 m
2.2e-002 m 3.4574e-002 m
2.8e-002 m 2.6e-002 m 1.e-002 m

7.3628¢-006 m? 4.2526e-006 m® | 7.0457e-006 m® | 7.7142e-006 m?
1.9798¢-002 kg 1.1435¢-002 kg | 1.8946¢-002 kg | 2.0744¢-002 kg
1.0941e-002 m 1.0943e-002 m | -4.9398e-004 m | 9.3962e-003 m 1.7365e-002 m
-9.4745¢-003 m 0.48753 m 9.4743e-003 m 0.50533 m
0.42909 m 2.72e-003m | -1.2442¢-003 m 0.28909 m
1.2722e-006 1.2724e-006 7.8047¢-007 | 1.2281¢-006
kg-m? kg'm? kg P 1.172e-006 kg ny’ -
3.4635¢-006 3.4641e-006 9.2008¢-007 | 3.4414e-006
kg 0P kgen? kgn? 2.772¢-006 kg-m kg
3.5594¢-006 3.5601e-006 L 3.0133e-006 4.3379¢-006
kg kg 9.484¢-007 kg m kg kg
709 726 2470 2523 2063
327 339 1259 1286 1015
None
Geometry > Parts (II)
Outlet PAD: 1 Inlet PAD: 1 | RD BK'TI:1 \ INLET PIPE:1 | OUTLET PIPE:I

Meshed




~ Definition
N

Suppressed 0
Stiffness .
Behavior Flexible

Coordinate .
System Default Coordinate System
Reference .
Temperature By Environment
Assignment Aluminum
Nonlinear v
Effects €s
Thermal Strain
Effects Yes

Length X| 3.5399¢-002 m 2.2¢-002 m 1.2¢-002 m 3.0213e-002 m | 4.5443¢-002 m
Length Y| 4.221c-002m | 3.2818¢-002m | 2.2959%¢-002m | 3.3671e-002m | 2.6736e-002 m
Length V4 3.1e-002 m 3.5e-002 m 2.e-002 m 6.475e-002 m 9.835e-002 m
Properties -~ &
Volume| 2.3478¢-005 m* | 1.2981¢-005 m* | 4.6787¢-006 m* | 2.6548¢-006 m* | 2.9658¢-006 m*
Mass| 6.3133e-002 kg | 3.4907¢-002 kg | 1.2581e-002kg | 7.1387¢-003 kg | 7.975¢-003 kg
Centroid X| -1.5907e-002 m | -1.132¢-002m | -8.6166e-003m | 1.2172e-002 m | 2.2491e-002 m
Centroid Y| -3.4906e-002 m | -2.7758¢-002m |  0.50646 m 0.51038 m 0.5023 m
Centroid Z|  0.3838m 4.8455¢-002 m 0.1609 m 0.30642 m 0.32681 m
Moment of Inertia| ~ 1.2319¢-005 6.3119¢-006 9.1648¢-007 3.2255e-006 8.8238¢-006
Ipl kg m? kg-m? kg m? kg-m? kg-m?
Moment of Inertia| ~ 8.6816-006 5.1058¢-006 6.1191e-007 3.0058¢-006 9.1089¢-006
1p2 kg m? kg-m? kg m? kg-m? kg-m?
Moment ofIneligg 1.016((:;005 3.6?;;:1-2006 6.3 113:;—2007 3.103¢.007 kgne| 2 11{(;::,1-2007
_ Statistics
Nodes 2676 1970 1314 5079 5745
Elements 1465 1005 666 2592 2974
Mesh Metric None
Geometry > Parts / Body Groups
Object Name |~ SIDE PLATE:I | SIDE PLATE:2 Body - without tube:1 Body - only tupe:1
State Meshed
I ~ Graphics Properties L U
Visible Yes
Transparency 1
, Definition “
Suppressed No
Stiffness Behavior Flexible
Coordinate System Default Coordinate System
T By Environment
Temperature
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Assignment Aluminum
Nonlinear Effects Yes
Thermal Strain Yes
Effects
~ BoundingBx
Length X 1.6e-002 m 1.9¢-002m | 1.5e-002 m
Length Y 0.47 m 0.516 m 0.48534 m

6.e-003 m 0.4279 m 0.3626 m

4.3472¢-004 m*

6.1864e-005 m?

7.6663e-006 m*

2.0615e-002 kg 0.16635 kg 1.169 kg
-7.0064e-003 m -7.005¢-003 m -7.0063e-003 m
0.23903 m 0.23903 m
2.7363¢-002 m 0.21395m 0.21395m 0.2161 m

3.9384¢-004 kg-m? | 1.2805¢-002 kg-m?| 1.2805e-002 kg-m? [3.5755e-002 kg-m?

4.4614e-007 kg-m? | 2.5321e-003 kg-m?| 2.5321e-003 kg-m? |1.3321e-002 kg-m?

3.9427¢-004 kg-m? 1.0286e-002 kg-m? |1.0286e-002 kg-m?

Geometry > Body - without tube:1 > Parts

Object Name | Body - without tube: 1 |Body - without tube: 1

No

Flexible

Coordinate System| Default Coordinate System

Reference Temperature

By Environment

Aluminum
Yes
Yes




1.9e-002 m
1.9e-002 m
0.4279 m

3.0932¢-005 m?
8.3176e-002 kg
-7.005¢-003 m
0.48753 m -9.4745e-003 m
0.21395 m
1.2661e-003 kg n?
1.2661e-003 kg-n?
6.4849¢-006 kg m?

Geometry > Body - only tupe:1 > Parts (I)

Body - only Body - only Body - only Body - only Body - only
tupe: 1 tupe:1 tupe: 1 tupe: 1 tupe: 1

Meshed

Yes

1

No

Flexible

Default Coordinate System

By Environment

Aluminum

Yes

Yes

1.5e-002 m

0.48534 m

1.4e-003 m
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18

Volume 9.8799¢-006 m®
Mass 2.6567¢-002 kg
Centroid X -7.0064e-003 m \ -7.0063¢-003 m
Centroid Y 0.23903 m
Centroid Z 0.1027 m 3.55e-002 m 4.39¢-002 m ‘ 6.07¢-002 m 5.23e-002 m
Moment of e 5.1033¢-004 kg
Momentoffnerts 4.8455¢-007 kg e
Moment offnertia 5.1081¢-004 kg e

55

450

396

450

None

Geometry > Body - only tupe:1 > Parts (II)

Body - only

tupe: 1

Body - only
tupe: 1

Body - only
tupe:1

Body - only
tupe: 1

Body - only
tupe: 1

Meshed

Yes

1

No

Flexible

Default Coordinate System

Aluminum

By Environment

Yes

Yes

1.5e-002 m

0.48534 m

1.4e-003 m

9.8799¢-006 m*

2.6567¢-002 kg

-7.0063e-003 m

0.23903 m
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Centroid Z|  9.43e-002 m 0.3379 m 0.3883 m 0.3631 m 0.1279 m
Moment of Inertia 5.1033e-004 5.1034¢-004
Ipl kg kg e 5.1033e-004 kg m?
Moment of Inertia|  4.8455e-007 4.8456e-007 )
1p2 kg m? i 4.8455¢-007 kg-m?
Moment of Inertia 5.1081e-004 5.1082¢-004
Ip3 kg-m? Kot 5.1081e-004 kg-m?
Nodes 1855 2417 2360 1855
Elements 396 504 450 396
Mesh Metric None

Geometry > Body - only tupe:1 > Parts (III)
Body - only Body - only Body - only Body - only
tupe: 1 tupe: 1 tupe: 1 tupe: 1

Meshed

Objec [ Body - only tupe: 1

Yes
1

No
Flexible

Default Coordinate System

By Environment

Aluminum
Yes

Yes

1.5e-002 m
0.48534 m
1.4e-003 m

9.8799e-006 m*
2.6567e-002 kg
-7.0063¢-003 m

0.23903 m
0.3715m 0.1195 m 0.3463 m 0.3547 m 0.2875 m
5.1234e-2004 5.1033¢-004 kg-m?
g m
4.81566-2007 4.8455e-007 kg-m?
g m
5.12826-2004 5.1081e-004 kg m?
g m
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Nodes 1984 2417 1855 2360
Elements 306 504 396 450
Mesh Metric None
Geometry > Parts
Obj Solid Solid
Hidden Meshed
No Yes
1
No
Flexible
tem Default Coordinate System
ature By Environment
1gnment Air Aluminum
r Effects Yes
in Yes
0.21 m 2.5e-004 m
2.284 m 2.5e-004 m
gth Z 0.6 m 4.e-003 m
Volume 0.28778 m? 1.9635e-010 m?
Mass 0.33423 kg 5.2798e-007 kg
Centroid X 5.e-003 m -7.5088e-003 m
id Y/ 0.2m 0.25485 m
ntroid Z 0.215m 0.2146 m
Moment ertia [pl| 0.15532 kg:m?> |7.0247¢-013 kg-m?
Moment ertia Ip2|1.1255e-002 kg-m?|7.0247¢-013 kg m?
Moment ertia [p3| 0.14653 kg-:m?> |4.0832¢-015 kg-m?
Nodes 1533 2420
ements 240 451
lk Mesh Metric None
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Coordinate Systems

Obj Global Coordinate System
Fully Defined

Cartesian
Coordi 0.

nZ 0. m

Connections

Connections > Contacts

Object Name Contacts
State,  Fully Defined

Slider
0.
5.927e-003 m
No

Face/Face Yes
Face/Edge No
Edge/Edge No
Priori Include All
Bodies
Bodies
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Connections > Contacts > Contact Regions
Object Name | Contact Region 1 | Contact Region 2| Contact Region 3 | Contact Region 4| Contact Region 5

State Fully Defined
S Geometry Selection
Method Y
Contact 5 Faces 6 Faces
Target 3 Faces 6 Faces
ContfaCt BK'T Lower:1 BK'T Lower:2 | BK'T Upper R:1 BK'T Upper L:1 RD PAD:1
Bodies
s Body - without tube:1 INLET PIPE:1

Bonded
Automatic
Program Controlled
No

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Connections > Contacts > Contact Regions

Contact Region 6| Contact Region 7| Contact Region 8| Contact Region 9| Contact Region 10

Fully Defined

Geometry Selection
5 Faces 3 Faces
6 Faces 1 Face
RD PAD:1 Outlet PAD:1 Inlet PAD:1 RD BK'T1:1
OUTLET PIPE:1 Body - without tube:1

Bonded
Automatic
Program Controlled

No
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Bonded

 Advanced
Formulation Program Controlled
Detecti
iﬁﬁgg Program Controlled
Conﬂiﬁi Program Controlled
Pinball
. Program Controlled
Region
Connections > Contacts > Contact Regions
Obj ect| Contact Region | Contact Region | Contact Region | Contact Region Contact Region 15
Name 11 12 13 14
State Fully Defined
Scopin; .
Mefho?l Geometry Selection
Contact| 3 Faces 1 Face 2 Faces 1 Face
Target 2 Faces 1 Face 3 Faces 1 Face
Cont?.ct OUTLET PIPE: | SIDE PLATE:1 SIDE PLATE:2
Bodies
Target . ) Body - only Body - without
M dics Body - without tube:1 sl o

Type
Scope .
Mode Automatic
Behavior Program Controlled
Suppressed No
Advanced S
Formulation Program Controlled
D;Ziggg Program Controlled
R Program Controlled
Pinball
. Program Controlled
Connections > Contacts > Contact Regions
ObjCCt . Contact Region | Contact Region | Contact Region | Contact Region
. Contact Region 16 17 18 19 20
State Fully Defined
S A
iﬁgfﬁﬁﬁ Geometry Selection
Contact 1 Face 2 Faces 1 Face
Target 1 Face 3 Faces 1 Face
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Coizs SIDE PLATE:2 Body - without tube: 1
Bodies
Target| Body - without )
Bodies tube:1 Body - only tupe:1

Type Bonded
Scope .

Automatic
Mode
Behavior Program Controlled

Suppressed No

Program Controlled

Program Controlled

Program Controlled

Program Controlled

Connections > Contacts > Contact Regions

€Ct| Contact Region | Contact Region | Contact Region | Contact Region | Contact Region
2 21 22 23 - 105

Fully Defined

Geometry Selection

1 Face
1 Face

Body - without tube:1

Body - only tupe:1

Bonded

Automatic

Program Controlled
No

Program Controlled

Program Controlled

Program Controlled

Program Controlled
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Mesh

Mesh
Solved

Mechanical
0

Off

ele e Center Coarse
) ~ Element Size Default
Y’ a Seed| Active Assembly

b | Smoothing Medium
y Transition Fast
Fi Span Angle Center Coarse
¥ inimum Edge Length|  4.0385¢-005 m

None

Smooth Transition
0.272
5
: Growth Rate 1.2
Inflation Algorithm Pre
View Advanced Options Yes
Collision Avoidance Stair Stepping
Gap Factor 0.5
over Base 1
Geometric
140.0 °
1

Smoothing Iteratio 5

riangle Surface Mesher, Program Controlled

Shape Checking| Standard Mechanical
Element Midside Nodes| Program Controlled
r N 2 No
~ Numberof Retr Default (4)
© Exua Retres For Asemb Yes




Dimensionally Reduced
Disabled

. Please Define
No

On
Default

200642
44899
L one
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Model (8 Systems : Original Simulation)

Analysis
Object Dry off Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Cooling
Name (B5) (C3) (D5) (E5) (F5) (G5) (H5) (15)
State Solved
Physics Thermal
Type
Ana,},yl Transient
Mechanical APDL

No

Initial Condition
Zone 1l | Zone?2 | Zone3 | Zone4 | Zone5 | Zone6 | Cooling
Poel By | sy | oy | ey | @) | G5 | @y | a3

Fully Defined

Uniform
Temperature

35. °C Dry off | Zone 1 | Zone 2 | Zone 3 | Zone 4 | Zone 5 | Zone 6
End Time

Non-Uniform Temperature

Analysis Settings

D(’g 5‘;ff Zone 1 (C3) ZZ;’;Z Zone 3 (E5) Zone 4 (F5) Z;’g;f Zggf C"(‘I’g”g
Fully Defined
1.
1.

180.s | 177.s | 161.s | 125.s | 121.s | 121.s | 137.s | 778.s

Time
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S%wy;; Program Controlled
Flux
Convergence 1.e-004
Maxim
Iatue(ratioumn 1000.
Solver
Tolerance 0.1
Over
Relaxati:n 0.1
: 10.
Program Controlled
Program Controlled
Program Controlled

Program Controlled

Yes
No
All Time Points
Program Controlled

3\MECH\ | #AMECH\ | 5\MECH\ | 6 MECH\ | 7WMECH\ | 8 MECH\

No
Yes
No

Active System

mks
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Loads
. Dry off Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Cooling
Convection| ;) (€5) (D3) (E3) (F3) (G3) (H3) as)
State Fully Defined
iﬁgﬁiﬂﬁ Geometry Selection
Geometry 58 Bodies
Type Convection
Film
Coefficient Tabular Data
Temﬁen;:i:?: Tabular Data
Suppressed No
Edit Data Film Coefficient
For r
Tabuiar b e
ndependent .
\ e\I/):riaﬁlé Time
Convection
Zone |Time [s]| Convection Coefficient [W/m?-K]| Temperature [°C]
0. 35.
60. - 40.
Dry Off| 100. 250. 80.
140. 400. 145.
180. 200. 192.
0. 192.
42. 202.
Zone 1 5. 200. 163,
177. 179.
0. 179.
Zone 2 57. 200. 215.
161. 296.
0. 296.
Zone 3 125, 200. 305
0. 395.
Zone 4 1. 200. 437
0. 487.
Zone 5 21 200. 557
0. 557.
Zone 6 137 200. 590,
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0. 590.

157. 200. 607.

Coolin 411. 250. 385.

8l sgs. 200. 325.

758. 300. 22.

778. 200. 35.

Solution
Obiect Dry off Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Cooling
d Solution Solution Solution Solution Solution Solution Solution Solution
Name (B6) (C6) (D6) (E6) (F6) (G6) (H6) (16)

Solved

Done

Solution Information
Dry off Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 | Cooling
Solution | Solution | Solution | Solution | Solution | Solution | Solution | Solution
(B6) (C6) (D6) (E6) (F6) (G6) (H6) (16)

Solved

Solver Output

25s
All

Yes
All FE Connectors
All Nodes
Connection Type
No

Single

Lines
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35.004 °C

169.77°C | 35.°C

Result Charts
. Dry off Solution (B6) | Zone I Solution (C6) | Zone 2 Solution (D6) | Zone 3 Solution (E6)
Object
Temp. - Temp. - Temp. - Temp. - Temp. - Temp. - Temp. - Temp. -
Name | Gyopai Max | Global Min|Global Max\Global MinGlobal MaxGlobal Min|Global Max(Global Min
State Solved
Type Temperature
Suppressed No
Scoping  Global Global Global Global Global Global Global Global
Maximum | Minimum | Maximum | Minimum | Maximum | Minimum | Maximum | Minimum

177.55 °C

2922 °C

185.82 °C 35.°C  |200.77°C| 35.°C |291.41°C| 35.°C |390.34°C| 35.°C
Result Charts
Zone 4 Solution (F6) | Zone 5 Solution (G6) | Zone 6 Solution (H6) | Cooling Solution (16)
Temp. - Temp. - Temp. - Temp. - Temp. - Temp. - Temp. - Temp. -
Global Max | Global Min |Global Max|Global MinGlobal Max|Global MinGlobal Max\Global Min
Solved

Temperature

Global
Maximum

Global
Minimum

391.12°C

Global
Maximum

Global
Minimum

483.26 °C

No

Global
Maximum

Global
Minimum

554.12 °C

Global
Maximum

Global
Minimum

35.°C 23.233°C

482.52 °C 35.°C

553.59°C| 35.°C

588.58°C | 35.°C

606.36 °C | 35.°C
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Temperature - Global Minimum

177,

ra

35. T T T kR B e
0. 25. 50. 75. 100. 125. 150. 180. 0. 25. 50. 75. 100. 125. 150 177.
[s] [=]
TS [ Fl
160.8 124.86
35. 35.
g g
35 T T 35 T T T T
25. 50. 75. 100 125. 161. 0. 25, 50. 75. 100. 125,
Is] [s]
| 1 1 ik T
1206 1206
35. V i r 35. 1
g g
35. 35 ;T
0. 25, 50. 75. 100. 121. 0. 25. 50. 75. 100. 121,
[s] [s]
i L 1 |
1 900
35 35,
325
30.
= ol
275
25,
3/ 23233 N —
0. 25, 30, 7. 100, 137 0. 125, 230. 375, 500, 625, 750, 900
[s] [s]
1 1 |

Zone 6 Cooling
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Results
Dry off Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 | Cooling
Temperature Solution Solution | Solution | Solution | Solution | Solution | Solution | Solution
(B6) (C6) (D6) (E6) (F6) (G6) (H6) (16)
State Solved
Scoping .
Method Geometry Selection
Geometry All Bodies
Type Temperature
Time
Last
Yes
No
35.°C 35.°C 35.°C 35.°C 35.°C 35.°C 35.°C [32.767 °C
185.82 °C | 177.19°C | 291.41 °C | 390.34 °C | 482.52 °C | 553.59 °C | 588.58 °C | 35.°C
. . . . . . 2 Outlet
Solid Solid Solid Solid Solid Solid Solid PAD:1
SIDE SIDE SIDE SIDE SIDE SIDE SIDE Solid
PLATE:2 | PLATE:2 | PLATE:2 | PLATE:1 | PLATE:2 | PLATE:2 | PLATE:1 9
35.°C 23.233 °C
35.°C 35.°C
35.004 °C | 169.77°C | 177.55°C | 292.2°C |391.12°C | 483.26 °C | 554.12°C | 35.°C
185.82 °C | 200.77 °C | 291.41 °C | 390.34 °C | 482.52 °C | 553.59 °C | 588.58 °C (606.36 °C
180. s 177.s 161.s 1258 121.s 121.s 137. s 778. s
1 1 1 1 1 1 1 1
180 177 161 125 121 121 137 778
180 177 161 125 121 121 137 778




Temperature

185.82
175,

150,

135

[§Y]

100,

T T T
0 25 50 5. 100 125, 150 180,

161

29141

240. =

200. —

ra

160. —

120

121

48252

400,

300,

[§Y]

200, —

100,

137.
588,58 — = — o=

500.

400. —

ra

300. —

116

177,
20077

150, -

100, —

125,

39034

350. —

300, —

250,

“q

200, —

150,

100

553.59

500, ,Mﬂ

400. —
Y 00—
200

100,

606,36

500.

400,

200~

100

25233

T
[} 125, 250, 375 500, 625, 750, 900,

[s]
1 ]

Cooling
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Probes

Object Name Temperature Temperature Probe | Temperature Probe
Probe 2 3
State Solved
.~ Defiion
Type Temperature
Location Method Geometry Selection
Geometry 1 Vertex ‘ 1 Edge | 1 Vertex
Suppressed No
End Time
Use Maximum
172.63 °C 183.69 °C 182.72 °C
176.2 °C
288.73 °C
387.6 °C
479.9 °C
551.6 °C
587.75 °C
34.172 °C
172.63 °C 183.69 °C 182.72 °C
199.94 °C
288.73 °C
387.6 °C
479.9 °C
551.6 °C
587.75 °C
605.99 °C
35.°C
165.94 °C
176.2 °C
288.73 °C
387.6 °C
479.9 °C
551.6 °C
24.088 °C




17263

150,

100

182.72

150.

100

28873

275,

250,

225,

200,

176.2

4799

4625

450,

4375

»
2

=

Temperature Probe

180,

8

.

100, 125, 150,

1

Dry Off Probel

100, 125 150. 180,

1

Dry Off Probe3

,—19

161

\

i 50, 5. 161,

[ 1

Zone2 Probe3

100, 125

100, 121,

25
e 1

Zoned4 Probe3

18369

150,

100,

199.94

195,

190,

180,

175,

170,

165.94

5516

540.

530,

520,

510,

500.

490,

4799

118

5
el

0

100 125 150 130,

[ 1

Dry Off Probe2

17

B

100 125 150 177,

Zonel Probe3

100, 125,

i

Zone3 Probe3

25 50, 75 100, 121,

1

Zone5 Probe3
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T T
5. 50,

T T T T
250, 375, 500, 625,

T
750,

Zone6 P

‘ ~ Cooling Probe3
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Model (21 Systems : Adjusted Simulation)

Zone I — Zone XXI
Solved

Thermal
Iy Transient
ﬂ; Mechanical APDL

Initial Condition
|\ Initial Temperature Initial Temperature
Fully Defined Fully Defined

Uniform Temperature

Non-Uniform Temperature

35.°C Zone I — Zone XX
End Time
r Analysis Settings
' Analysis Settings
Fully Defined

1.

1.

Vary for Zone I - XXI

On

Time

1.s

Program Controlled
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Flux
Convergence 1.e-004
Maximum
Iteration 1000.
Solver
Tolerance 0.1
Over
Relaxation 0.1
Hemicub
Reesohftioz 10.
Con Program Controlled
chm Program Controlled
Line Program Controlled
i Program Controlled
Yes
1
eor:lls No
Anhy All Time Points
: “ﬁ’;‘fﬁﬁe Program Controlled
Solver G:\GrA\Master Degree\Condenser Mode\ANSY S\Fine Tune Simulation
Dir Condenser15_files\dp0O\SYS-1 ... SYS-21\MECH\
None
S
i
> No
Yes
I
on No
ver .
nits Active System
er Unit
ystem mks

Loads
Convection | Radiation
Fully Defined

Geometry Selection
584 Faces




Type

Convection Radiation

Film Coefficient

Tabular Data

Ambient Temperature Tabular Data
Suppressed No
Edit Data For| Film Coefficient
Correlation To Ambient
Emissivity Vary Zone | — Zone XXI
Independent Variable Time
Convection
Zone | Time [s] Convection Coefficient [W/m?-K]| Temperature [°C]
0. 35.
! 45. i 200.
1T 0. 23 200
37. ' ’
1M1 0. 24 200
60. ’ ’
v 0. 25 200
66. i )
0. 200.
v 44, 8. 35.
0.
VI 49, 3. 35.
0. 200.
Vil 108. > 560.
0. 560.
Vvill 158. 2 580.
0. 580.
' 217. - 600.
0. 600.
X 70. % 610.
0. 610.
Al 102. 4 615.
0. 615.
- 194. 4 620.
0. 620.
i 58. > 400.
0. 400.
7Y 149. % 350.
0. 350.
" 63. [ 300.
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0. 300.
AV 80. 8. 250.
0. 250.
AVl 87. > 200.
0. 200.
XVIII 37 30. 35,
XIX 0. 35 35
74. i ’
XX 0. 40 35
48. L )
XXI ¢ 45 35
54. i i
Radiation
Zone | Time [s] Ambient Temperature [°C]
I 0. 35.
45. 200.
0. 200.
Il 37. 200.
0. 200.
i 60. 200.
0. 200.
v 66. 200.
0. 200.
v 44, 35.
0. 35.
Vi 49. 35.
0. 35.
gl 108. 560.
0. 560.
vitl 158. 580.
0. 580.
Ix 217. 600.
0. 600.
X 70. 610.
0. 610.
Xl 102. 615.
0. 615.
Xl 194. 620.
0. 620.
P 58. 400.
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Solution

XV s 50
XV w00
250
4L 307'. 2305?.
XX | -
XX 2 2
XX g -

Object Name | Solution (B6 — V6)

State

Max Refinement Loops

Solved

1.

Refinement Depth

2.

Information
Status | Done

Solution Information

Object Name | Solution Information
State Solved
r - ﬁolu‘form*ion _ ‘
Solution Output|  Solver Output
Update Interval 2.5s
Display Points All
- FE C('nection‘)ility _
Activate Visibility Yes
Display| All FE Connectors
Draw Connections Attached To All Nodes
Line Color| Connection Type
Visible on Results No
Line Thickness Single
Display Type Lines
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Results
Zone I | Wm | m | w |V
State Solved
Scoping Method Geometry Selection
Geometry All Bodies
Type Temperature
By Time
Time Last
e Yes

No

35.°C 35.°C 35.°C 35.°C F
58.646 °C | 131.32 °C | 179.73 °C | 194.99 °C | 173.9 °C

Solid Solid Solid Solid Solid

SIDE SIDE SIDE SIDE
PLATE:2 PLATE:2 PLATE:2 PLATE:2

RD BK'T1:1

35.033 °C
58.646 °C

61.464 °C
131.32 °C

132.71 °C
179.73 °C

180.15 °C
194.99 °C

173.9 °C
194.99 °C

* Tteration
Number

Zone, VI vil | vl | Ix X
State Solved

Geometry Selection
All Bodies

Temperature
Time

Last




Calculate Time

History Yes
Identifier

Suppressed No
Minimum| 35.°C 35.°C 35.°C 35.°C 35.°C
Maximum | 162.02 °C | 231.18 °C | 406.56 °C | 557.56 °C | 584.02 °C

Olfg‘;‘;“g“; Solid Solid Solid Solid Solid
Maximum  BK'T SIDE SIDE SIDE SIDE
Occurs On| Lower:2 PLATE:2 PLATE:2 PLATE:2 PLATE:2

162.02 °C

157.48 °C

232.49 °C

407.75 °C

558.04 °C

173.54 °C

231.18 °C

406.56 °C

557.56 °C

584.02 °C

X1

Xl

Xl

XV

Solved

Geometry Selection

All Bodies

Temperature

Time

Last

Yes

Identifier

Suppressed

No

35.°C 35.°C 35.°C 35.°C 35.°C
603.48 °C | 616.67 °C | 587.22 °C | 476.75 °C | 433.12 °C

Solid Solid Solid Solid Solid

SIDE SIDE SIDE BK'T BK'T
PLATE:2 PLATE:1 PLATE:1 Lower:1 Lower:1
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Minimum  35.°C 35.°C 35.°C 35.°C 35.°C
Maximum  35.°C 35.°C 35.°C 35.°C 35.°C
Minimum| 584.3 °C | 603.61 °C | 587.22 °C | 476.75 °C | 433.12 °C
Maximum  603.48 °C | 616.67 °C | 616.66 °C | 586.35 °C | 476.08 °C
Time 102.s 194. s 58.s 149. s
Load Step 1 1 1 1 1
Substep 102 194 58 149

fferation 1 > 194 58 149

umber

XvI Xvir xvii | XX XXI

Solved

S

Geometry Selection
All Bodies

Temperature

Time

Display Ti T

Last

- Calcul

ate T
Hi

Yes

Ident

Supp

By C

35.°C

No

35.°C

35.°C

35.°C

35.°C

394.19 °C

360.54 °C

300.34 °C

161.35 °C

106.67 °C

69.737 °C

Solid

Solid

Solid

Solid

Solid

Solid

BK'T
Lower:1

35.°C

BK'T

Lower:1

35.°C

Outlet PAD:1

35. 98

Outlet PAD:1

35.°C

BK'T
Lower:1

35.°C

Outlet PAD:1

35.°C

35.°C

394.19 °C

35.°C

360.54 °C

35.°C

300.34 °C

35.°C

161.35 °C

35.°C

106.67 °C

35.°C

69.737 °C

432.62 °C

80. s

393.79 °C

87.s

359.33 °C

37.s

298.16 °C

74. s

159.92 °C

48.'s

105.74 °C

54. s

1

1

1

1

1

80

87

37

74

48

54

80

87

37

74

48

54
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Probes
Object Name  Temperature Probel | Temperature Pr0b62| Temperature Probe3
State Solved
~ Definition
Type Temperature
Location Method Geometry Selection
Geometry 1 Edge
Suppressed ﬂ No
Display Time End Time
Spatial Resolution Use Maximum
. Results |
I 52.105 °C 53.086 °C 51.855 °C
I 110.9 °C 113.27 °C 108.81 °C
11 161.58 °C 163.88 °C 159.04 °C
v 184.88 °C 186.63 °C 183.8 °C
\% 169.97 °C 170.81 °C 173.36 °C
VI 158.11 °C 158.61 °C 161.93 °C
Vil 211.52 °C 214.86 °C 210.79 °C
VIII 346.16 °C 353.12 °C 343.29 °C
IX 503.92 °C 511.88 °C 504. °C
X 544.04 °C 550.72 °C 54443 °C
XI 578.49 °C 583.43 °C 579.5 °C
XII 607.81 °C 610.1 °C 608.83 °C
XIII 583.61 °C 574.4 °C 585.45 °C
XV 475. °C 422.67 °C 452.29 °C
XV 431.2 °C 375.64 °C 404.68 °C
XVI 392.62 °C 339.03 °C 363.5 °C
XVII 359.2 °C 308.26 °C 329.65 °C
XVIII 293.4 °C 206.98 °C 259.73 °C
XIX 158.07 °C 71.763 °C 115.13 °C
XX 104.44 °C 46.873 °C 70.623 °C
XXI 68.518 °C 37.886 °C 47.66 °C
4 _ Maximum Value Over Time L U)
I 52.105 °C 53.086 °C 51.855 °C
II 110.9 °C 113.27 °C 108.81 °C
111 161.58 °C 163.88 °C 159.04 °C
13Y 184.88 °C 186.63 °C 183.8 °C
\% 184.93 °C 186.63 °C 183.89 °C
VI 169.97 °C 170.9 °C 173.36 °C
VII 211.52 °C 214.86 °C 210.79 °C
VIII 346.16 °C 353.12 °C 343.29 °C
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IX 503.92 °C 511.88 °C 504. °C
X 544.04 °C 550.72 °C 544.43 °C
XI 578.49 °C 583.43 °C 579.5 °C
XII 607.81 °C 610.1 °C 608.83 °C
XTI 607.89 °C 610.11 °C 608.91 °C
XIvV 583.61 °C 574.4 °C 585.45 °C
XV 475.°C 422.67 °C 452.29 °C
XVI 431.2 °C 375.64 °C 404.68 °C
XVII 392.62 °C 339.03 °C 363.5 °C
XVIII 359.2 °C 308.26 °C 329.65 °C
XIX 293.4 °C 206.98 °C 259.73 °C
XX 158.07 °C 71.763 °C 115.13 °C
XXI 104.44 b 46.873 °C 70.623 °C

35.°C

I 52.105 °C 53.086 °C 51.855 °C
111 110.9 °C 113.27 °C 108.81 °C
v 161.58 °C 163.88 °C 159.04 °C
\Y 169.97 °C 170.81 °C 173.36 °C
VI 158.11 °C 158.61 °C 161.93 °C
Vil 155.57 °C 154.11 °C 157.24 °C
VIII 211.52 °C 214.86 °C 210.79 °C
IX 346.16 °C 353.12°C 343.29 °C

X 503.92 °C 511.88 °C 504. °C
XI 544.04 °C 550.72 °C 544.43 °C
XII 578.49 °C 583.43 °C 579.5 °C
X1 583.61 °C 574.4 °C 585.45 °C
XIvV 475.°C 422.67 °C 452.29 °C
XV 431.2 °C 375.64 °C 404.68 °C
XVI 392.62 °C 339.03 °C 363.5 °C
XVII 359.2 °C 308.26 °C 329.65 °C
XVII 293.4 °C 206.98 °C 259.73 °C
XIX 158.07 °C 71.763 °C 115.13 °C
XX 104.44 °C 46.873 °C 70.623 °C
XXI 68.518 °C 37.886 °C 47.66 °C




Zonel

I 00
Convection

45.
200

175,

150, -

ra
5
‘\

Temperature - Global Maximum

58,646

45.

ra

0. 10. 20. 30. 40. 45,
[s]
1

Temperature

53086 — B o

Temperature Probe2

130

150, —
125, -
100, -
75.4

50. —

ES

45

Radiation

3675

365

36—

355

ra

359
345
34,

335

3325 T T T
0. 10, 20, 30, w45

[s]
1 - Ha |

Temperature - Global Minimum

52105 3@

Temperature Probel

H

Temperature Probe3



Zone Il
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37.
210,
2075
205, —
2025 —
200.
1975
195. —
1925 -
190. —
1 37,
37
. | I —
Convection Radiation
37. 37.
210. 3675
365
207.5
36.
205.
2025 W5
E 200, E EET
1975 — 345
195. —
34,
1925
335
190. 7 T T T 3325 T T T T T T
0. 5. 10, 15, 20. 25, 30, 37, 0. 5 10. 1s. 20. 5. 30. 37.
[s] [s]
r I 1 _ 1 _
Temperature - Global Maximum Temperature - Global Minimum
37. 37.
13132 1109 T
125,
1125 100. —
100.
90. —
=) 875
- 80.
5.4
62.5 — 70.
50, —
60.
35 7 T
0 3. 10, 15, 20. 25, 30. 37, 52.105 T T
[s] 5. 10. 15, 20. 25, 30 37,
I 1 1 ]
Temperature Temperature Probel
37. 37.
3wy T | 108.81 ] T
100.
100. —
90. —
90. —
80. —
80.
70.
70.
0 60.
53.086 51855 T T T T
5 10. 15, 20. 25, 30. 37. 5. 10. 15, 20. 25, 30 37,
L — i 7

Temperature Probe2

H

Temperature Probe3



Zone 111

132

T 57.
2075
205, —
2025 —
200.
1975
1925 -
| 190. — o
60.
. |
Convection Radiation
57. 57.
365
205. *7
2025 W5
E 200, E 35.4 ]
1975 — 345
195. —
34,
1925
190. 7 T T 3325 T T T T
0. 10, 20. 30. 40, 30, &0, 0. 10. 20. 30. 40, 30, 0.
[s] [s]
r I 1 _ 1 _
Temperature - Global Maximum Temperature - Global Minimum
60. 60.
150,
150. —
125,
= 100. —
130.
o 120.
35 7 T
0 10, 20 30. 40, 30, &0 1109 T T
[s] 0. 10. 20. 30. 40. 50, 0.
i 1 1 ]
Temperature Temperature Probel
60. 60.
160. —
150.
150. —
140. —
140. —
130. —
120.
120.
113.27 108.81 T h T
0. 10. 20. 30. 40. 50, 0.

L . 1

Temperature Probe2

Temperature Probe3



Zone IV

133

50.
210,
2075
205, —
2025 —
200.
1975
195. —
1925 -
190. —
8 k. (=3
66.
. | I —
Convection Radiation
50. 50.
210. 3675
365
207.5
36.
205.
2025 W5
E 200, E 35.4 ]
1975 — 345
195. —
34,
1925
335
190, 7 T T 3325 T T T T
0. 10. 20, 30, 40 50, e0. &6, 0. 10. 20. 30. 40. 50, 80, &6,
[s] [s]
C ] T 1 . A s |
Temperature - Global Maximum Temperature - Global Minimum
66. 66.
19499 18488 T =
175
180. —
150,
176.—
. 125
e
100. — 172
pe - 168,
50. —
164.
35 7 T
0 10 20. 30, 40, 50, 80. &6, 161.58 T T T
0. 10. 20. 30. 40. 50. B0, 66,
[s]
I 1 1 ]
Temperature Temperature Probel
66, 66,
18663 T | 1838 ] T
184, —
180.
180. — 176. -
176. — 172, -
172.— 168. —
168. — 164.
16388 159.04 T . T T
10. 20. 30. 40. 50. B0, 66, 0. 10. 20, 30. 40. 50. B0, 66,
e & =) i ]

Temperature Probe2

Temperature Probe3



ZoneV

I 00
Convection

L&

196.25

192,

188. —

ra

184, —

180, -

176, —

me
0. 10 20 30, a0, a4,

[s]
1

Temperature - Global Maximum

a4,

19499

175,

150.

125

ra

100. —

0. 10. 20. 30. 40. M.
[s]
1

Temperature

186.63 S

185. —

1825 —

180. —

177.5—

175.~

1725~

17081
o 10. 20 30, 0. 4,

M. MF L

Temperature Probe2

134

4.
17s.
150. —
100. —
50—
= a4,
Radiation
4.
36875
365
36—
355
E 35
345
34,
335
3325 T T T
[s]
T— — N
Temperature - Global Minimum
4.
1825
180. —
1775
175.
1725
e 0. 10. ‘ZU ‘30‘ ‘40 4,
1 ]
Temperature Probel
4.
180. —
1775~
175.
17338 T B T
0. 10. 20. 30, 40. M,
1 ]

Temperature Probe3



Zone VI

135

49.
365
36, -
355 —
3s.
345
34 -
335
N 33.25 — -
43,
. |
Convection Radiation
49. 49.
1725 - =357
170.
355
E 1675 - E o
345
165.
34,
16202 1 T T 3325 T T T T
0 10. 20, 30. 40. 49, 0. 10. 20. 30. 40. 49.
[s] [s]
. T 1 . A s |
Temperature - Global Maximum Temperature - Global Minimum
49. 49.
150.
167.5
125,
= 165,
= 100~
162.5
75—
50. — 160.
35 7 T
0 10. 20 30. 40. 49, 158.11 T
[s] 0. 10. 20, 30. 40. 49,
[ 1 1 ]
Temperature Temperature Probel
49.
EE= 170.
1657 1675 —
1625~
165.
160.
15861 16193 T F T
0. 10. 20, 30. 40. 49. 10. 20, 30. 40. 49,
C b 1 ]

Temperature Probe2

Temperature Probe3



Zone VII

108
I 00
.
Convection
108.
560.
500,
400, —
g
300. —
200, —
157,77 7 T T
0 25 50. 75, 108
[s]
1

Temperature - Global Maximum

23118

108.

200,

175,

150,

ra

125, -

100, —

0. 25, 50, 75. 108.
[s]
1

Temperature

21486 — B B

210.—

200.—

190. —

180. —

170.—

160.,

15411
o 25, 50, 5. 108,

L . 1

Temperature Probe2

136

560.

500,

400. —
300, —
200. —

100, —

Radiation

3675
365

36—

355

ra

359

345

34,

335

3325 T T
0. . 50. 75, 108,

T 1 . i R |
Temperature - Global Minimum

211.52 E a3 —3

200, —

190,

180.

170.

160.

155.57 T T

Temperature Probel

108,

21079 ——
200,
190.
150, —

170.

157.24 T k.
o

H‘

Temperature Probe3



Zone VIII

158

I 00
Convection

157.

580,

5775~

575,

5725

=

= s
567.5
565,

562.5

56013 T T
0. 25. 50, 5. 100, 125, 158,

[s]
1

Temperature - Global Maximum

406,56

158,

350,

300

250,

ra

200, —

150, —

100, —

[ . 50. 75 100. 125 158

[=]
1

Temperature

35302 ————— S ]

325.~

300. —

275.~

250.—

M. ¥ . ™m

Temperature Probe2

137

157.
577.5
575~
5725
570.
5675
5625 —
- 158,
Radiation
157.
365
355
E 35, ‘
345
34,
3325 T T T T
0. 5. 50. 75 100. 125, 198,
[s]
T 1 . i R |
Temperature - Global Minimum
158.
300. —
250,
225,
ane 0. 25, 30, I75‘ ‘100‘ 125, 198,
1 ]
Temperature Probel
158.

Temperature Probe3



Zone IX

Convection

5975

595,

5925

=

2 0.
587.5
585,

5825

[s]
1

Temperature - Global Maximum

7.
557.56
500, //
400,
& 300
200.
100.
357 T
0 40 80 120, 160 217
[s]
1
17,
51188 — T |
500. —
475, —
450, —
425, —
400, —
375.
35312
40. 80. 120, 160. 27,
L . 1

Temperature Probe2

138

nr.
600
597.5
593,
5925
590. —
5875
585. —
5825 —
580.
a7,
. o
Radiation
nr.
3675
365
36.
355
E 35,
345
34,
335
3325 T T T T
0. 40. 80. 120. 160. a7,
[s]
T 1 . i R |
. A
Temperature - Global Minimum
nr.
503.92 T
475. —
450. —
423,
400.
373,
34616 T T
0. 40. 80. 120. 160. a7,
1 ]
Temperature Probel
n7.
504. B )
473,
450. —
425, —
400.
373,
343.29 T T T T
0. 40. 80. 120. 160. a7,
1

Temperature Probe3



Zone X

I 00
Convection

60875
607.5
606.25 —

o

. 605.
603.75 —

602.5

601.25

600.14 T T T

[s]

Temperature - Global Maximum

584.02

70.

500,

400,

ra

300

200, —

[s]
1

Temperature

55072 S ]

545. —

540, —

535.

530, —

525.

520. —

515, —

511,88

10, 20, 30. 0, 50, 60, 70.

L . 1

Temperature Probe2

139

70.
610
608.75
807.5 —
606.25 —
805, —
80375
6025 —
601.25 —
600
70,
. o
Radiation
70.
3675
365
36.
355
E 35,4
345
34,
335
3325 T T T T T T
0. 10, 20, 30, 40. 30, &0, 70,
[s]
T 1 . i R |
. A
Temperature - Global Minimum
70.
544.04 —_— -
540. —
530. —
520.
510.
503.92 T T T
0. 10. 20. 30. 40. 50. 80, 70.
1 ]
Temperature Probel
70.
544.43 B )
540.
530, —
520. —
510.
504, T T A T
0. 10. 20. 30. 40. 50. 80, 70.

H

Temperature Probe3



Zone XI

102
I 00
.
Convection
102.
615,
614,
613, —
g
612,
611, —
61005 7 T T
0 25. 50, 75. 102
[s]
1

Temperature - Global Maximum

60343

102.

500,

400,

ra

300,

200, —

0. 25, 50, 75. 102
[s]
1

Temperature

58343 —— B B

102.

580, —

575, —

570. =

565, —

560. —

555.

550.72

s, 50. 75, 102,

L . 1

Temperature Probe2

140

614, -
613, -
612, —

611, —

610

102
Radiation

3675
365

36—

355

359

ra

345
34,

335

3325 T T
0. 25, 50, 75, 102,

T 1 . i R |
Temperature - Global Minimum

578.49 E a3

575~

570, —

565, —

560.

555.

550,

544,04 T T
o 25, 50. 75, 102,

Temperature Probel

579.5

575.

565, —
560, —
555.

550,

544,43 T o
o 25, 50. 75, 102,

H

Temperature Probe3



Zone XI1

Convection
194,
620
619,
618. —
g
617, —
616. —
61503 T T T
0. 25, 50. 7s. 100. 125, 150. 175. 194,
[s]
S———
Temperature - Global Maximum
194,
61667
500.
400.
g
= 300,
200, —
100. —
35 T
0. 25. 50. 7s. 100. 125, 150. 175. 194,
[s]
1
Temperature
194,
6101 ] N
608. —
604, —
600. —
596. —
592. —
588. —
38343
25, 50. 7s. 100. 125, 130, 175, 194,
L " 1

Temperature Probe2
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619, -
618, —
617. —

616,

Radiation

3675
365

36.—

355

ra

345

T T T
0. 25, 50, 7s. 100. 125, 150. 175, 194,
[s]
1 . i R |

Temperature - Global Minimum

194,

607.81 3@

604. —

600. —

596.

592,

578.49 T T T
0 25, 50. 75 100, 125, 150. 175, 194,

1 ]

Temperature Probel

60883 ——

604,
600,
596. —
592,
588,

584,

579.5

T T
25, 50. 75 100, 125, 150, 175, 194,

1 ]

Temperature Probe3



Zone XII1

58.
. |
Convection
58.
12,
808,
e 604, —
= 600, —
596.
592, =
587.22 1 T T
0. 10, 20, 30. 40. 30. 38,
[s]
1
Temperature - Global Maximum
58.
500.
400.
i 300. =
200, —
100. —
357 T
0 10, 20, 30. 40. 30. 38,
[s]
[ 1
Temperature
58.
605. —
600. —
595. —
590. —
585. —
380,
5744
0. 10. 20. 30. 40. 30, 38,
e & ]

Temperature Probe2

142

58.
600,
560, —
480. —
440, —
400, — -
Radiation
58.
365
355
E 35,4
345
34,
3325 T T T T
0. 10. 20. 30. 40. 50. 38,
[s]
T 1 . i R |
Temperature - Global Minimum
58.
604, —
600. —
596.
588.
. 0. 10. 20, ‘30. ‘40 30. 38,
1 ]
Temperature Probel
58.
604.
600. —
592,
588.
383453 T W T
0. 10. 20 30. 40 0. 38,

Temperature Probe3



Zone X1V

149,
. |
Convection
149.
58635
575.
550. =
g
- 525, —
500, —
47675 1 T T
0. 25, 50. 75, 100. 125, 149,
[s]
S———
Temperature - Global Maximum
58635 e
500 \
400.
g
= 300.
200, —
100. —
35 T
0. 25, 50. 5. 100. 125, 149,
[s]
1
Temperature
149.
574.4 _—_— T
550, —
525.—
500. —
473,
450.
42267 T
0. 5. 50. 75, 100. 125, 149,
L . 1

Temperature Probe2

143

149.
400
390. —
380,
370. —
360, —
350, —
149,
. o
Radiation
149.
3675
365
36.
355
E 35,
345
34,
335
3325 T T T T
0. 25, 50. 75, 100. 125, 149,
[s]
T 1 . i R |
. A
Temperature - Global Minimum
149.
583.61 T ~ o
575. —
550, —
525,
500.
475. T T
0. 25, 50. 75, 100. 125, 149,
1 ]
Temperature Probel
149,
585.45 - )
575,
550.
525.—
500. =
475.
452.29 T T T
0. 25, 50. 7s. 100. 123, 149,

1 ]

Temperature Probe3



Zone XV

63.
. |
Convection
63.
470.
460, —
450. —
440.
43312 7 T
0. 10. 20, 30. 40, 50. 3,
[s]
1
Temperature - Global Maximum
63.
400.
300.
100. —
357 T
0. 10. 20. 30. 40. 50. (=3
[s]
[ 1
Temperature

42267 S

410.—

400, —

390.

380.—

37564
o

10, . 30. 0, 50. =)

L . 1

Temperature Probe2
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63.
340, —
330, —
310, —
300. — -
Radiation
63.
365
355
E 35,4
345
34,
3325 T T
0. 10. 20. 30. 40. 30, (=3
[s]
T 1 . i R |
Temperature - Global Minimum
63.
470, —
480, —
450.
440,
e 0. 10. 20, ‘30‘ ;U 50. 3,
1 ]
Temperature Probel
83,
440,
430. —
420.
410.
404,68 T h T
0. 10. 20, 30, 40. 30, 3,

Temperature Probe3



Zone XVI

80.
. |
Convection
80.
425,
420,
- 410, —
405,
39419 T T
0. 125 25, 373 50, 625 80.
[s]
1
Temperature - Global Maximum
80.
400, M
350,
- 200, —
150, —
100. —
E i
0. 125 25, 373 50, 625 80.
[s]
[ 1
Temperature

37564 S

370.—

365. —

360. —

355.~

350.—

345, —

339.03
o

125 s, 375 50, 625 80,

L . 1

Temperature Probe2

145

80.
300
290. —
280, —
270. —
260, —
250, —
80.
Radiation
80.
3675
365
36.
355
E 35,4
345
34,
335
3325 T T T T
0. 123 25, 375 30. 825 80.
[s]
T 1 . i R |
Temperature - Global Minimum
80.
431.2 —_— -
423, —
420, —
415,
410.
405.
400.
395.
39262 T T
0. 125 25, 375 50. 825 80,
1 ]
Temperature Probel
80.
40465 =) )
400.
390. —
380. —
370.
3635 T e T
0. 125 25, 375 50. 825 80.

Temperature Probe3



Zone XVII

87.
. |
Convection
87.
390.
385,
- 380, —
= 375. -
365.
360.54 1 T T
0. 125 25, 375 30. 825 75. &7,
[s]
1
Temperature - Global Maximum
87.

39379 M

350,
300,

250

ra

200,

150, —

100, —

[s]

Temperature

339.03 S

335.~

330.

325.

320~

315.—

308.26
o

125 25, 375 50. 625 75 87,

L . 1

Temperature Probe2

146

87.
250
240, —
230, —
220 —
210, —
200. —
&7,
. o
Radiation
87.
3675
365
36.
355
E 35,4
345
34,
335
3325 T T T T T
0. 125 25, 375 50. 825 75, &7,
[s]
T 1 . i R |
. A
Temperature - Global Minimum
87.
39262 T ~ o
390. —
385. —
380. =
375.
370.
365.
359.2 T T T
0. 125 25, 375 50. 825 75. &7,
1 ]
Temperature Probel
87,
363.5 =) )
360.
355.
350. —
345, —
340.
335,
32965 T T A T
125 25, 375 50. 825 75. &7,

Temperature Probe3



Zone XVIII

37
. |
Convection
37.
340, —
E 330, —
320. —
310. —
30034 7 T T T
0. 3. 10, 15. 20. 25, 30. 37,
[s]
1
Temperature - Global Maximum
37.
300, —‘\‘v\\\\\
250.
100. —
E T
0 3. 10, 15, 20. 25, 30. 37,
[s]
[ 1
Temperature
300. —
275,
250. —
225,
20698
0. 5 10. 15, 20. 25, 30. 37.
L . 1

Temperature Probe2

147

150, —
125, -

100, -

50, —

35—

Radiation

3675

365

36.—

355

ra

354

345

34,

335

3325 T T T T T T
0. 5 10. 15, 20, . 30, 37

T 1 . i R |
Temperature - Global Minimum

37.

359.2 3@ —

350, —

340, —

330

320,

310

300,

2034 T T

Temperature Probel

37.

32965 ==

320,

300. —
290, —
280,

270.

259.73 T T o T
o

Temperature Probe3



Zone XIX

148

74.
3675
365
36.
355 —
3s.
345
34 -
335
33.25 —
. .
74,
. | I ——
Convection Radiation
74 74.
298.16 3675
365
275,
36.
250. — 355
g g o
= 225.- -
345
200.
34,
5.4 335
16135 1 T T T 3325 T T T T T T
0. 10. 20, 30. 40, 30, 0. 74, 0. 10. 20. 30. 40, 50. &0, .
[s] [s]
. L . A s |
Temperature - Global Maximum Temperature - Global Minimum
74 74
298.16 2934 T S
280
275. —
240.
250. —
200.
o
= 160 - 225,
120, —
200.
80.
175.
35 7 T
0 10. 20, 30. 40, 30, 0. R 158.07 T T
[s] 0. 10. 20, 30, 40. 50. 60. 74,
I 1 1 ]
Temperature Temperature Probel
74. 74.
206.98 T S 25973 =) T
250.
175. 225.
150. — 200. —
125~ 175. —
150,
100. —
125.
71763 11513 T T T T
0. 10. 20. 30. 40. 50. 60. . 10. 20, 30, 40. 50. 60. 74,

L S— R = A

Temperature Probe2

Temperature Probe3



Zone XX

149

48.
365
36.
355 —
3s.
345
34 -
335
N 33.25 — -
48.
. |
Convection Radiation
48. 48.
365
150, e d
140, W5
E E 354
130, —
345
120, —
34,
10667 | T T 3325 T T T T
0 10, 20, 30. 40 43, 0. 10. 20. 30. 40. 48,
[s] [s]
. T 1 . A s |
Temperature - Global Maximum Temperature - Global Minimum
48. 48.
150. —
125,
140. —
= 130.
75. -
120.
35 7 T "
0 10, 20, 30. 40 48 104.44 T
[s] 0. 10. 20, 30. 40, 43,
i 1 1 ]
Temperature Temperature Probel
48.
110.
100. —
90. —
80.
46873 70623 T e T
0. 10. 20. 30. 40. 48, 0. 10. 20 30. 40, 43,
e & =) i ]

Temperature Probe2

Temperature Probe3



Zone XXI

150

54.
365
36.
355 —
3s.
345
34 -
335
N 33.25 — o
54,
. |
Convection Radiation
54. 54.
365
100.
95.
355
- %0 —_
= T
85 —
345
34,
7s.
89737 1 T T 3325 T T T T T
0. 10. 20. 30. 40. 50. 54, 0. 10. 20. 30. 40, 50. 54,
[s] [s]
. L . A s |
Temperature - Global Maximum Temperature - Global Minimum
54. 54.
100.
100. —
90.
95. —
80.
— 90.
i 70,
85.
| 80.
50. —
75.
35 7 T
0. 10. 20. 30. 40. 50. 54, 68.518 T T T
[s] 0. 10. 20, 30. 40. 50, 4,
i 1 1 ]
Temperature Temperature Probel
54.
46.25
68.
45—
4375 i
425 60.
4125 E
37886 4766 T T A T
0. 10. 20. 30. 40. 50, 4, 0. 10. 20. 30. 40. 50, 4,
e & =) i ]

Temperature Probe2

Temperature Probe3
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