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1. Gorkha (2015, Nepal) Earthquake

Gorkha earthquake (also known as the Nepal earthquake) with a
magnitude of 7.8, nearly 10,000 people died and 20,000 injured on the
25th of April, 2015. It is reported as the worst natural disaster after the
1934 earthquake. Due to its center and occurrence (11:56am) time, as a
blessing, it is recorded that both the capital of Nepal and outdoor rural
workers were relatively less effected than it normally can. [1] However, it
did not prevent hundreds of thousands of Nepalese from being homeless
for months and outbreaks. It also triggered activities on Mouth Everest
and avalanches were followed by. [2] The effects on rebuilding economy
were calculated around $5billion dollars.

2. Post-disaster Data Collection and Challenge

To scrutinize the facts about its damage on particular of housing,
National Planning Commission Secretariat of Nepal worked with
Kathmandu Living Labs and the Central Bureau of Statistics and
conducted a survey. It ended with one of the largest post-disaster data
collection ever attempted, consisting of valuable information on
earthquake statistics, household conditions, and socio-economic-
demographic impact. Commission declared that the data collected using
mobile technology first targeted to identify beneficiaries eligible for
government help, but it also served researcher, other governments.

On year 2020, DrivenData Inc. that is known with hosting data science
challenges for intermediate-level practices, started a competition about
2015 Nepal earthquake’s household damage modelling. [3] The dataset
consists of around 300K rows (houses) with 39 labels and mostly refers
to building characteristics. Data type is dominated by binary, where 30%
refers to int and categorical. The target of data set as damage grade and it
is represented out of 3 per ordinal order, where 3 tied with serious

The remaining 38 labels are described as below:

e categorical: There are 7 columns in this data type
o 3 of them are linked with foundational attributes,
gradually differs from 3-to-6 categories
o 3 of them are linked with floor/roof types that were used,
gradually differs from 3-to-4 categories
o 1 refers to ownership status with 4 categories
e int: There are 8 columns in this data type
o 3 of them are linked with geospatial location, gradually
from 1-to-3 refers to density
o 4 of them are attributes with dimensions of the house, in
respect to height, area as well as # of floors
o 1 refers to household numbers
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e Dbinary: There are 25 columns in this data type
o 7 of them are linked with engineering level
o 7 of them are linked with material types; stone, mud and
its derivatives, mortar and its derivatives, timber and its
derivatives
o 7 of them are linked with functional types; government,
hospital, education, resorts etc

3. Performance Metrics

The fact that the target is based on an ordinal number, both categorization
and regressions techniques can be applied. Although performance metrics
may depend on model chosen, low error, high precision/recall approach
will be applied as a holistic approach. F1 as a demonstration of both
precision/recall can be interpreted as one the scores. F1 is defined as:

_2xPrexRec

F1 = ———— ,where Pre = Precision, Rec = Recall
Pre + Rec
Pre — Rec — TP
TPy P " T TPYEN

TP = True Positive, FP = False Positive, FN = False Negative

4. Automated Machine Learning Methodology Exploration

Machine learning is a taxonomy created to replace the existing taxonomy
with predictions. [4] However, there is one major distinction between
them. The former is more event based, where the latter is more rule
based. In other words, to make some predictions you either set rules or
train your model with what happened without rules. [5, 6] Knowing that
the polarization between regression and classification is not always
needed as mentioned earlier, the possibility of discovering a huge data
(like we have here, 300K houses with 40 columns) with no bindings
excites practitioners. However, practicality perspective setting boundaries
so wide might jeopardize study in the sake of necessity of dealing with
more than 10 different models from regression and -classification
domains. [7] From this regard, automated machine learning (AML)
concept can be utilized to both have the advantages of omni-model
environment and test AML’s performance.
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Figure 1: Tree-based pipeline (Olson, 2016)

A typical machine learning scientist’s list of tasks vary from data
gathering to visualization, usually requires significant time for data
cleansing, feature processing per construction and selection, model
selection with more than 10 options maybe 20 with its derivatives,
parameter optimizations, model validation and maybe even production.
[8] Most major companies created different roles for this group of
iterative tasks such as including data curator, data steward, data engineer,
data architect and data scientist. If this is not the case, AML can help one
individual with many hats. In the end, AML’s commitment is to manage
all except raw data and model validation. To be specific:

Works with many models including Boost, Naive ayes, Decision
Tree, Random Forest, Linear Models, Gradient Descent, Logistic
Regression, Multinomials, Support Vector

Adjusts default parameters in a way to find the best fit

Finds best algorithms

Optimize the entire workflow, multi-arm bandit

There are many attempts in respect to AML, in both open source and
commercial arena, to mention few for the former:

auto-Weka is a Java library, built on Weka

auto-sklearn is a Python library, optimizes per Bayesian

TPOT works with Python

auto-keras is a Python library, has very powerful
classification/regression models for not only structured data, but
also images and texts

H20 AutoML is developed with Java, works with Python, R and
Scala
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5. Application with H20 AutoML

Amongst all, H20 AutoML has distinctive features per three aspects, it is
explicit in terms of model names (and flexible in terms of inclusions or
exclusions), gives confusion matrix if it applies and proposes important
factors. [9] To be more specific, H20 AutoML requires only two data and
two stopping parameters. On the other hand, it handles a total of 27
parameters to burst the control on user hands. [10]

First H20 is initiated.

import h2o
from h2o0.automl import H20AutoML
h2o0.init ()

Checking whether there is an H20 instance running
at http://localhost:54321 ..... not found.
Attempting to start a local H20 server...

H Java HotSpot (TM) 64-Bit Server VM (build
25.261-b1l2, mixed mode)

Starting server from
C:\Users\emreo\miniconda3\lib\site-
packages\h2o\backend\bin\h2o0.jar

Ice root:
C:\Users\emreo\AppData\Local\Temp\tmpnjlg22vp

JVM stdout:
C:\Users\emreo\AppData\Local\Temp\tmpnjlg22vp\h2o
_emreo_started from python.out

JVM stderr:
C:\Users\emreo\AppData\Local\Temp\tmpnjlg22vp\h2o0
_emreo_started from python.err

Server is running at http://127.0.0.1:54321

Connecting to H20 server at
http://127.0.0.1:54321 ... successful.

H20 cluster uptime: 06 secs

H20 cluster timezone: America/New_York

H20 data parsing timezone: UTC



H2O_cluster version:
H2O_cluster version age:
H20O_cluster name:
H2O_cluster total nodes:
H20O_cluster free memory:

H2O_cluster total cores:

H20_cluster_allowed_cores:

H20 cluster status:
H20 connection url:
H20_connection_proxy:

H2O0 internal security:

H20_API Extensions:

Python_version:

Theory and Research in Engineering I1 *7

3.30.0.6

3 months and 3 days

H20 from python emreo oxt8zm
1

3.521 Gb

8

8

accepting new members, healthy
http://127.0.0.1:54321

{"http": null, "https": null}

False

Amazon S3, Algos,
TargetEncoder, Core V4

AutoML, Core V3,

3.7.7 final

Data can be automatically split into training and test dataset, however
here, data already came in a split way.

In [1]:

train =
h2o.import file(r"C:\Users\YourUsername\Desktop\t
rain quake.csv")

test =
h2o.import file(r"C:\Users\YourUsername\Desktop\t
est quake.csv")

Parse progress:
100%
Parse progress:
100%

Features and target were identified.
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In [2]:
X = train.columns
y = "damage grade"

X .remove (y)

Factors set for binary classification.

In [3]:
trainl[y] = train[y].asfactor ()
test[y] = testly].asfactor()

5.1 Classification with Decision Tree

It has two options, max_models (even if 20 was selected, 1 hour is the
maximum runtime by default) or max runtime secs. First,
max_runtime secs was selected, since only one model was applied,
Decision Tree (DRF). There are two reasons for that, first DRF has
extensive reports per confusion matrix and important factors, second one
model gets fast results and a quick exploration opportunity.

In [4]:
aml = H20AutoML (max_ runtime secs = 60,
include algos = ["DRF"])

aml.train(x=x, y=y, training frame=train)

mutoML progress: | NN

100%

Due to single model approach, there is only one model in the leaderboard.
Remembering that the campion F1 score is only 0.76, this cannot be very
misleading, especially after a series of fine tuning or with regression
applications.

In [5]:
# View the AutoML Leaderboard
1lb = aml.leaderboard
lb.head (rows=1lb.nrows)
mean_per_class loglo

model id rmse mse
- _error ss
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mean_per_class loglo

model id rmse mse
- _error SS

DRF 1 AutoML 202010 1.146 0480 0.231

03 232545 Dalaelly 18 915 279

Oout[5]:

In [6]:

aml.leader

Model Details

H20RandomForestEstimator : Distributed Random

Forest
Model Key: DREF 1 AutoML 20201003 232545

Model Summary:

num number model mi ma me mi ma me

ber _of inte _sizei n_ xd an_ nl x1 an_
of tr rnal tre n_byt de ept dep eav eav leav
ees es es pth h th es es es

84963 20. 20. 20. 855 142 112
1.0 0 0 0 20 72 518

ModelMetricsMultinomial: drf
** Reported on train data. **

MSE: 0.2616145729335327

RMSE: 0.511482720073252

LogLoss: 3.1327581170891725

Mean Per-Class Error: 0.43795864384785194
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Confusion Matrix: Row labels: Actual class;

Column labels: Predicted class

1 2 3 Error Rate

0 5831.0 8015.0 1248.0  0.613688 9,263 /15,094

1 4340.0 70191.0 15184.0 0.217622 19,524/89,715

2 668.0 24631.0  27127.0 0.482566 25,299/52,426

3 10839.0 102837.0 43559.0 0.343982 54,086/157,235

Top-3 Hit Ratios:

k hit_ratio

0 1 0.656018

1 2 0.933539

2 3 1.000000

Up above is the first branch, where below shows the second branch.
Accuracy, aka F1 is almost (from 0.66 to) 0.7 after 5 tours of cross-
validations, which is closer to winning score.

MSE: 0.23127907948492804
RMSE: 0.480914836000022
LogLoss: 1.146178551822972

Confusion Matrix: Row labels: Actual class;
Column labels: Predicted class



0 10226.0 14145.0

1 5747.0 124045.0

2 708.0 41815.0

3 16681.0 180005.0

Top-3 Hit Ratios:

k hit_ratio

0 1 0.686743

1 2 0.957026

2 3 1.000000

753.0

18467.0

44695.0

63915.0

Theory and

Error

0.592979

0.163322

0.487548

0.313257

Cross-Validation Metrics Summary:

0 accuracy

mea

0.68
674

0.31
325

Sd

0.004
98712

0.004
98712

cv.1 cv2
_vali _vali

0.67 0.68
7864 9428
032 031
2135 0571

Research in Engineering IT *11

Rate

14,898 / 25,124
24,214/ 148,259
42,523 /87,218

81,635/260,601

cv3 cvd4 cv 5

_vali _vali _vali

0.68 0.89 0.68
8142 121 915

031 037 031
1857 875 084
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2 err_count

3 logloss

max_per_cla
Ss_error

mean_per_cl
ass_accuracy

mean_per_cl
ass_error

7 mse

9 rmse

mea

163
27.0

1.14
617

0.59
301

0.58
536

0.41
463

0.23
127

0.38
201

0.48
001

Sd

260.0
721

0.207
669

0.008
7694

0.005
9955

0.005
9946

0.003
8536

0.012
3747

0.003
9866

cv_1
_vali

1679
0.0

1.51
5895

0.60
8197

0.57
4786

0.42
5213

0.23
8031

0.36
0085

0.48
7843

cv_2
_vali

1618
7.0

1.02
6942

0.58
9768

0.58
7278

0.41
2215

0.22
8675

0.38
8858

0.47
8223

cv 3
_vali

1625
4.0

1.04
5588

0.58
5993

0.58
7304

0.41
2963

0.22
9034

0.38
7967

0.47
8603

cv 4

_vali

1620
3.0

1.02
286

0.88
855

0.58
965

0.41
045

0.23
067

0.38
8377

0.48
0168

cv_$S
_vali

1620
1.0

1.06
017

0.59
234

0.58
781

0.41
218

0.22
997

0.38
515

0.47
956



Scoring History:

times
tamp

2020-
10-03
23:26
23

2020-
10-03
23:26
28

dur
atio
n

37.8
93
sec

42.2
62
sec

number_
of trees

0.0

2.0

Theory and Research in Engineering 11 *13

trainin
g_rmse

NaN

0.5114
83

training
_logloss

NaN

3.13275
8

training_classi
fication_error

NaN

0.343982

Variable importance would not significantly change form one model to
another. Per top factors, geospatial location looks like dominating other.
Floor type derivatives, age of the building, foundation type and area
percentage are also significant attributes.

Variable Importances:

variable

0 geo level 1 id

1 geo_level 2 id

2 geo_level 3 id

3 building id

4 other_floor_type

relative_importa

nce

17334.062500

7466.929688

5873.937500

4998.819336

4635.594238

scaled_import
ance

1.000000

0.430766

0.338867

0.288381

0.267427

percentage

0.220961

0.095183

0.074876

0.063721

0.059091
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10

11

12

13

14

15

16

17

18

variable

age

foundation_type

area_percentage

ground floor type

height_percentage

count floors pre eq

has_superstructure ce
ment_mortar_brick

position

roof type

has_superstructure mu
d_mortar_stone

count_families

has_superstructure tim
ber

land_surface condition

plan_configuration

relative_importa
nce

4103.796387

4081.254883

3984.306885

3447.547852

3026.006592

1828.075317

1784.335083

1531.578491

1530.040283

1443.995361

1268.828247

1258.311279

1230.474854

966.522949

scaled_import
ance

0.236748

0.235447

0.229854

0.198889

0.174570

0.105461

0.102938

0.088357

0.088268

0.083304

0.073199

0.072592

0.070986

0.055759

percentage

0.052312

0.052025

0.050789

0.043947

0.038573

0.023303

0.022745

0.019523

0.019504

0.018407

0.016174

0.016040

0.015685

0.012320
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relative_importa  scaled_import
nce ance

variable percentage

has_superstructure ba

19 mboo

790.166809 0.045585 0.010072

See the whole table with table.as data frame()
out[o6]:

Due to decision tree nature, we are producing our prediction based on
probabilities, where the highest determines the damage types. Here is
shown a demonstration with head of the data.

In [7]:
preds = aml.leader.predict (test)
preds

drf prediction progress: |G

100%

predict pl p2 p3

3 0 0.250845 0.749155
2 0.0039452  0.727689 0.268366
2 0.0245312  0.847322 0.128147
1 0.666667 0.333333 0

3 0.00146907 0.17418  0.824351
2 0.141407 0.581733 0.27686
1 0.576923 0.423077 0

3 0.0212464  0.315511 0.663242
2 0.0180474  0.565369 0.416583

2 0 0.921306 0.0786937
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5.2 All Models (Classification and Regression)
Replication for larger set of models.
In [8]:

train =
h2o.import file (r"C:\Users\YourUsername\Desktop\t
rain quake.csv")

test =
h2o.import file(r"C:\Users\YourUsername\Desktop\t
est quake.csv")

parse progress: |

100%

parse progress: | I
100%

In [9]:

# left intentionally blank

train.columns

"damage grade"

=
I

x.remove (y)

This time max_models is selected with 20 models, if applies.

In [107]:
aml = H20AutoML (max models=20, seed=1)
aml.train(x=x, y=y, training frame=train)

AutoML progress: Il
22:19:05.835: AutoML: XGBoost 1is not available;
skipping it.

_Failed polling AutoML progress

log: [WinError 32] The process cannot access the
file because it is being used by another process:
'C:\\Users\\emreo\\AppData\\Local\\Temp\\tmpwve5u
jam.csv'

_Failed polling AutoML progress
log: [WinError 32] The process cannot access the
file because it is being used by another process:
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'C:\\Users\\emreo\\AppData\\Local\\Temp\\tmp9gfk0
t7e.csv'
IFailed. polling AutoML progress log: [WinError
32] The process cannot access the file because it
is being used by another process:
'C:\\Users\\emreo\\AppData\\Local\\Temp\\tmpkukga
Xmc.csv'
IFailed. polling AutoML progress log: [WinError
32] The process cannot access the file because it
is being used by another process:
'C:\\Users\\emreo\\AppData\\Local\\Temp\\tmppmg s
o3d.csv'
B 1002

5.3 Winning Model

Leaderboard.head brings us the top ten, Stacked Ensemble with
regression leads the run, our DRF makes only a number 6 here.

In [117]:

aml.leaderboard.head ()

mean_re
model_id sidual_d  rmse mse mae  rmsle

eviance
StackedEnsemble AllModels Auto 0200279 0.4475 02002 035 0.1458
ML 20200729 _22 ’ 2 7 07 7
StackedEnsemble BestOfFamily Au 0200869 0.4481 0.2008  0.35 0.1461
toML_20200729 ’ 8 6 17 0
GBM_grid 1 _AutoML 20200729 0201596 0.4489  0.2015 035  0.1465
221905_model_4 ’ 9 9 50 S
GBM_5_AutoML 20200729 22190 0206886 0.4548 02068  0.36  0.1485
5 4 8 12 8
GBM_grid__1_AutoML_20200729 0208152 0.4562  0.2081  0.35  0.1489
221905_model 2 ’ 3 5 93 1

DRF 1 AutoML, 20200729 221905 0209826 04380 0.2098 ~ 0.36  0.1495

6 2 49 4
GBM_4_AutoML 20200729 22190 0210362 04586 02103 036  0.1496
5 5 6 72 2
GBM_3_AutoML_ 20200729 22190 0214197 0.4628  0.2141 037  0.1510

5 1 9 24 3
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mean_re
model_id sidual d  rmse mse mae rmsle
eviance

XRT 1 AutoML 20200729 221905 0214246 04628 02142037 0.1508

6 4 60 0
GBM_2 AutoML 20200729 22190 0217049 04658  0.2170 037  0.1520
5 ’ 85 49 613 45

Out[ll]:

Unlike probabilities of DRF, prediction makes float numbers here. To be
able to submit, they were rounded to up.

In [12]:
pred = aml.predict (test)
pred

stackedensemble prediction progress: I_
100%

predict
2.80101
2.23104
2.16015
1.26562
2.80709
2.07994
1.33965
2.91986
2.16437

2.10983

out[1l2]:
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Predictions were exported, results for F1 performance was published as
0.74, a Top 10% score out of 3,300 participants.

In [13]:

h2o.export file(pred,
'C:\\Users\\emreo\\Desktop\\equake2 competition.c
sv')

Export File progress: I_I
100%

In [14]:

perf = aml.leader.model performance (test)

perf

ModelMetricsRegressionGLM: stackedensemble
** Reported on test data. **

MSE: 0.2040952424641873
RMSE: 0.4492346017670735
Precision: 0.773808480433232
Recall: 0.71268232018074937
Fl: 0.73755288647432567
Out[14]:

6. Conclusion

Earthquakes are moments that make us powerless and speechless. This is
even more true for emerging countries, since most of the time resources
are limited. From this perspective any contribution may have say. This
automated machine learning application needs to be considered in this
extent. AML performed significantly well, scored Top 10% amongst
3,300 participants on 2015 Nepal Earthquake Damage Estimator with
300K houses, with very modest data cleansing and/or coding necessity.
Tool was explicit enough to share important factors and very promising
confusion matrix as well as cross validation derivatives. It looks like it is
dependable and reproduceable to serve both practitioners and researchers.
Future directions include more applications with all other countries
suffering from earthquakes including Turkey, China, Iran, Chile and
Indonesia.
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1. INTRODUCTION

It will not be possible for the textile industry to keep up with the
rapidly changing and developing fashion trends, unless it gets a bigger
share from the market with innovative products, integrates with different
disciplines in design and makes production in the light of creative ideas
using different materials. Other than textile materials, paper, ceramic,
metal, natural objects such as leaves, branches, waste etc. can be used as
materials in design [1].

Before the 20™ century, any change in model techniques and/or style,
was considered as an innovation. As of the 20™ century, the search for
an artistic expression, regarding new materials and new cloth production
methods, has begun [2].

As a completely new technique, 3D printing makes its appearance in
textile sector. Even though 3D printers are first used in 1984 by Chulk Hull
of 3D Systems, it becomes popular in the textile applications after 2010
[3]. It is still not widely used in the industry but it is especially important
for independent designers to easily turn their ideas into products [4][5]. It
eliminates complicated production processes and enables the design to be
produced in only one move. With the use of 3D printers in textile design,
clothes can be produced as a whole, as shown in Figure 1.

Figure 1 All garment produced using a 3D printer [3].
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In addition, surfaces can be obtained with 3D printers, as seen in
Figure 2. These will be presented as an alternative to woven or knitted
surfaces that form the basis of the textile surface in the future [4].

ol S e e v s

Innovation turns creative ideas into industrial products. Innovation
can also be defined as turning designs into marketable high value-added
products. The design made during the process, transforms into a new work
idea and holds great importance for maintaining continuity of businesses.

Using unusual materials and innovative methods rather than
conventional ones creates a new insight in textile design. Only innovative
and creative designs which combines various disciplines like art,
engineering, science can find their ways into today’s industry.

2. MATERIAL AND METHOD
2.1. Materials

In this study, felt was chosen as the main material of the garment, as
the costume was inspired by Mevlana and his clothes. The main material is
preferred since it keeps an upright position and gives an “aba” appearance
when worn. In the designed costume, lining was sewn in order to prevent
the fluff falling from felt sticking to the clothes underneath and also to
prevent the embroidery lines from being seen. Lozenge patterned tulle was
also used in the costume decorations. It is aimed to give movement to
the costume and appeal to the eyes. Silver color was chosen for tulle to
match the chain accessories and embroidery yarn used. Additionally, the
edge details were cut into triangles as a transition to the metal accessories.
Properties of the main material, lining material and tulle used in the
designed costume are given in Table 1 below.

Table 1 Properties of main material, lining material and tulle

S ht
1ze eig Color

Tack

Material Type (m) (gr/m?)

Synthetic Felt 2x1 640
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Black
2x1 ac

1x 0,5

125
65

Lining (Shirting)

IDecorative Diamond Patterned Tulle Silver

Instead of conventional sewing method, bolts and nuts, which are
used to fasten machine parts, are used as a joining method in the designed
costume. The purpose of using a different joining technique in the designed
costume is the increasing interest to new viewpoints in the textile sector
and increasing share of innovative design companies. Dressing is one of
our primary needs, however, not all textile products are necessities so that
people look for a particular reason to buy a textile product. New techniques,
new styles, new materials may be appealing to the customers. As the
demand for conventionally produced textile materials decreases, designers
offer more innovative designs to increase their sales. Unconventional use
of bolts and nuts in this design serves for boosting demand in the market.
Properties of bolts and nuts used in the costume are given in Table 2 below.

Table 2 Properties of bolts and nuts used in joining

Material Type Feature Quantity Color
M6 Bolt Countersunk Head 22 Silver
M6 Nut Cap (Acone) 22 Silver

Metal accessories are mainly used in the costume to attract attention.
Metal appearance is preferred in all accessories. The accessories and their
properties are given in Table 3 below.

Table 3 Accessories used and their features.

IAccessory

Name Material [Weight Size Piece  |Color
Rosary Grain Metal Wire 0,327 gr |J 6 mm 23 Pieces|Silver

. 139 .
Bead Plastic 0,016 gr (3 mm . Silver
Pieces
Bead Nail Metal Wire (0,149 gr 30 mm’lik 23 Pieces|Silver
Embroidery Yarn Metallic Nm 3,5/10 |--- --- Silver
'Yarn
Needlepoint Yarn [Polyester [Nm 10/3 |- --- Gray
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Sewing Yarn Polyester [Ne 42/2 --- --- Black

Chain Metal 22)10179 gl :ﬁtﬁnesszl_z o P71 baklaSilver

5 cm Triangle Steel ~20 gr ir};llquilateral 30 5 Adet [Black

S cm Triangle  |Aluminum |~7 gr irliquilateral >0 7 Adet  [Silver

7 cm Triangle Steel ~40 gr irl;ilquilateral 70 8 Adet [Black

7 cm Triangle  |Aluminum ~13 gr ir];:lquilateral 70 5 Adet  [Silver
2.2. Method

In the design process, a sketch is drawn on a silhouette at first. Then,
the technical drawings of the costume are prepared in three parts according
to the male mannequin’s measurements and transferred to a model.
The accessories are marked on the model regarding the drawings. After
determining the accessories, the embroideries are placed on the model to
make it flamboyant. The picture of the designed costume drawn by hand on
the silhouette is given in Figure 3 below and the dimensions of the costume
are given in Figure 4.

Figure 3 Dress-up picture of the costume drawn by hand on the silhouette.



Theory and Research in Engineering 11 *27

96 cm

[}
|

100 cm 70cm

‘ 35cm |
e e EE—

Y _Ig

| 27 cm |
e

80 cm

=i}

Figure 4 Dimensions of the designed costume.

The felt was cut according to the designed model. Then, the decorative
diamond-patterned tulle fabric was appliqued to the felt. While being
appliqued, the edges of the decorative diamond patterned tulle fabric are
cut in triangles to form a transition between fabric and metal accessories.
Triangular pattern is used on the left shoulder and also on the back of the
design as shown in Figure 5.

Figure 5 Applique details of decorative diamond-patterned tulle fabric

As shown in Figure 6, six chains are mounted on the shoulders of the
right front part and a bead nail is attached to each of the chain ends. A zigzag
pattern is applied to the mounted section by using silver embroidery yarn
and chain embroidery technique. The lower corner of the triangle, where
the zigzag pattern meets the chain, and also some part of the chains are
garnished with silver-colored plastic beads. An asymmetrical appearance
is provided by choosing different lengths of the chains.
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Figure 6 Shoulder details of the right front part

Since the front part of the costume will not be buttoned up, it is
decorated with chains instead of using buttons and buttonholes as shown
in Figure 7. Three rosary beads were mounted on each end of the chains

with the help of bead nails. This detail is used on the right and left front of
the costume.

Figure 7 Details of the front part

The main decoration in the design is chosen as “S” twist as it is the
main pattern in metal ornamental blacksmithing. Figure 8 shows the “S”
twist used in metal ornamental blacksmithing.

W,

Figure 8 “S” twist used in metal ornamental blacksmithing
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Existing embroidery patterns are tried; however, the embroideries are
observed to be unpretentious and weak due to thick fabric (felt) use. For
this purpose, “Chain” embroidery was developed and a new embroidery
pattern was created. This embroidery is thicker and bulkier than chain
embroidery. The new embroidery is named as “Circular Chain”. The stages
of the newly designed “Circular Chain” embroidery are shown in Figure
9 below. The stages have shown in Figure 9 (a), (b), (c) and (d) are the
known chain embroidery stages. With the yarn shown in blue in Figure 9
(e), S turns are made around the chain embroidery. In Figure 9 (f), S turns
are given around the chain embroidery with the yarn seen in yellow in
the other direction and the embroidery has taken its final form. Figure 9
(g) shows the final version of the embroidery, which is embroidered with
silver embroidery yarn on the felt.

S twist pattern is embroidered with this new technique on the right and
left front parts. In the back of the cloth, a new pattern is formed by rotating
S twist pattern around the edge of S. The new pattern is two horizontal S
twists and it is embroidered with circular chain technique. The rotation of
these S twists is inspired by Mevlana’s rotation during the Sema Ceremony.

Figure 9 Stages of the newly designed *“Circular Chain” embroidery

Also, the edges of the costume are embroidered with a plain chain
stitch. The edges of the triangular metal accessories used in the skirts of the
costume are contoured by using silver embroidery yarn using the handle
embroidery technique.
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Today, CNC machinery is used to cut and shapes materials such as sheet
metal, iron, steel, aluminum, wood, plexiglass and so on. As accessories,
aluminum and steel parts are shaped in the form of equilateral triangles
with 7 and 5 cm sides by using CNC, a computer controlled production
tool. After shaped, the triangular accessories are drilled on the corners in
the dimensions given in Figure 10. Then, they are placed on the costume
by using plastic beads and gray yarn.

/\ m
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Figure 10 Autodesk Inverter drawings and dimensions of triangles used as
accessories.

Plastic beads are used to prevent metals from cutting the yarn and also
to give a rivet-like appearance.
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Figure 11 The image of the triangles used as accessories on the garment.

After the processing and lining process of the designed costume was
completed, a total of 22 pieces of silver-colored M6 countersunk bolts are
fastened with silver-colored M6 cap (acorn) nuts. Six are used on each of
the shoulders and five are used on the sides. No stitches are used to join
the front and back parts of the garment. Instead, bolts and nuts used in
assembling machine parts were chosen (Figure 12). A countersunk bolt
with countersunk was chosen in order to level the bolt surface and fabric to
ensure that this connection does not disturb the body of the wearer. In order
to complete the connection and also to draw attention on the costume, a cap
nut is preferred. Figure 13 shows silver-colored M6 countersunk bolts and
silver-colored M6 cap (acorn) nuts.

=;=
—— il —mw 4 — — =

Figure 12: Assembling the Costume with Bolts and Nuts

2 18

Figure 13: Silver-Colored M6 Countersunk Bolts and Silver-Colored M6 Cap
(Acorn) Nuts
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The headdress, shown in Figure 13, is designed to be compatible with
the costume as an accessory. The headdress consists of two parts. It is
made by using the remaining materials from the costume. The headboard
is decorated with chains and embroidery. A lining is sewn inside so that it
is easy to wear and does not disturb the head.

Figure 13 Headgear
RESULTS

The results of the study are as follows;

3. The picture of the designed and produced costume with the
headdress is shown in Figure 14.

Figure 14 Designed, produced costume and headdress
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* Acostume is designed by using textile and metal materials together.

* The bolt and nut connection, which is used in the assembly of
machine parts, is used as a new technique in the assembly of textile
products successfully. It has been proven that a method other than sewing,
which is essential in textile products, can be used.

* The “S” twist motif used in metals is successfully used as a pattern
in costume design.

* The pattern obtained by rotating the “S” twist on the back details is
inspired by the rotation of the whirling dervishes and the triangular metal
details added to the pattern also represent them.

e The “Chain” embroidery design is improved and a new embroidery
pattern is created since the former is unpretentious and weak due to
thick fabric (felt). The new embroidery is thicker and bulkier than chain
embroidery. It is named as “Circular Chain”.

e The weight of the costume is increased due to the use of felt and
metal accessories. It is necessary to reduce the weight with lighter fabrics
and light metal accessories.

e The “S” twists embroidered on the front piece are inspired from
the whirling dervishes’ stance. However, the posture of his hands is
not represented in embroidery. It can be modified so that it poses more
similarity and becomes more interesting.

* Analternative is created to the design, embroidery, joining method
and material because the interest to textile products may decrease over
time and new models should be introduced periodically.
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1. INTRODUCTION

Salt, which has been used as a nutrient since ancient times, iS one
of the most important inputs of the chemical industry in our age. Salt is
expressed with the symbol NaCl [1]. The salt mine exists in two forms in
the natural environment: dissolved salts and solid salts. Dissolved salts are
found in the form of sea, lake, and groundwater. Solid salts can be found in
underground salt mines as rock salt [2].

The method of keeping the foods by drying is the oldest keeping
method the mankind have learned from nature and have been using since
the ancient history. Since the amount of water in the food is reduced
by the drying process, the possibility of enzymatic and microbiological
deterioration isconsiderably reduced [3]. Today, salt is used extensively,
especially in food, agriculture, animal husbandry, medicine, traffic, and
industry, directly or indirectly [2, 4]. Salt is one of the most popular spices
in the food industry. It is usually produced by extracting from seawater,
purifying and drying. In one of the production technologies, crystal sea salt
is dried, pulverized, packaged, and distributed to the market.

While the salt is pure, it consists of approximately 40% Sodium and
60% Chlorine. Its hardness is 25 and its specific weight varies between
2.1-235 g/ cm3. Its melting point is 800.8 © C and its boiling point is 1412
° C. As it is produced from nature, its color is gray, yellow, red, even blue
and green. However, while in pure form, salt is colorless [1].

In Turkey, crude salt production from seawater, from the lake, Rock
(Underground Mining), and Resources (Underground) in four different
ways, including the saltwater is produced. 63% of the lake’s salt production
in Turkey, 30% of the sea, rock, 6%, and 1% are realized as a source of salt.
Salt consumption is 67% in the chemical industry, 5% in the food industry
and animal husbandry, 15% in the snow and ice struggle for highways,
3% in table salt, and 10% in other industrial uses. The production and
consumption of salt, which is intertwined with the human life process,
gains importance in this respect [5].

Drying is a fundamental process of immense commercial importance
in all industrial applications ranging from food, agriculture, mining, and
even manufacturing sectors [6].

Fluidized bed drying has a special position. It is among the modern
drying methods due to its unique advantages. These advantages include
ease of use and maintenance, good mixing between solids, intense heat,
and mass transfer gas phases [7]. The gas velocity in the fluidized bed must
be adjusted very carefully. The contact between the powdered or granular
dried material and the fluidizing gas is very good. Therefore, heat transfer
between drying air and particles is also effective. With this drying system,
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it is possible to dry the materials without any drawback in large temperature
differences. The most important advantage of this system, where automatic
loading and unloading is possible, is the completion of the drying process
in a short time. [8].

In this study, it is aimed to determine the appropriate air velocity in the
drying of salt in a fluid bed dryer.

2. MATERIAL AND METHOD

The salt (NaCl) used in this study is the lake salt taken from Izmir Salt
Lake and it was obtained from a local company. The salt that is subjected
to drying in the experiments is not the raw salt, it is the salt brought to the
drying conditions through certain processes (pretreatments, evaporation,
grinding, washing, centrifugation etc.) in the specified enterprise. Salt
is generally of different grain sizes and is also available in the form of
particles. The salt was filled with 100 g glass containers from the facility
and closed so as not to absorb the humidity of the ambient air, it was moved
to the location of the experiment set and kept in these containers until the
experiments were carried out (Figure 1).

Figure 1. Salt used in the experiments

The product is placed in the desired bed height of the fluid bed dryer
used in drying trials and shown in Figure 2. A cork type sieve is placed
between the sample container and the hot air supply line. The desired
airspeed (Fan) and drying air temperature (Heater) value are entered from
the control panel according to the process values. The sample cup top is
made of glass to see the boiling motion. In order to avoid product loss,
a cloth filter can be attached to the dryer outlet, not to see the product
loss during the trials (which is seen as another way to understand which
airspeeds are ideal). To measure under-screen pressure, a manometer is
attached to the hot air supply line.
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In the prepared test setup, a 3% moist salt product is formed at 200
mm cake height, at an air temperature of 208.3 © C, at air velocities of 0.7
m/s,08m/s,1.3m/s, 1.5m/s,2.5m/sand 2.9 m /s, respectively.
The trials were repeated during the six different test periods calculated. At
the end of the calculated period of each trial, drying was stopped and the
moisture values were measured in the product’s moisture analyzer. At the
end of the drying process, the total product remaining in the chamber is
weighed and the product loss is calculated.

Figure 2. Fluid bed dryerl: Fan (TMM - Type: EJ9KB - Power: 4kW - Flow:
470 m? /" h - Maximum Pressure: 225 mbar), 2: Resistance Heater (Max.180-250
°C), 3: Hot Air Supply Line, 4: Chassis, 5: Sample Cup, 6: Sight Glass Column,
7: Cloth Filter

Figure 3 illustrates a sieve analyzer (Loyk ESM-200, Turkey) that
was measured on the product particle size distribution. Mesh sieve with
large hole diameters is at the top and meshes with gradually shrinking hole
diameters are placed in order and shaking motion is given. The product
accumulates on the mesh with hole diameters that are too small to pass
through the shaking motion. When the process is finished, the samples on
the sieve are weighed and the grain size distribution results.

In the MFIX analysis program, a two-dimensional analysis was
performed to see the boiling movement of the product according to the
input speeds.
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Figure 3. Sieve analyzer

3. RESULTS AND DISCUSSION

The layer thickness (cake height) of the salt with a density of 1.084 g/
ml, a specific heat of 0.88 kJ / kg K, and initial humidity of 3% was taken
as 200 mm. Sieve analysis results of six different tests are given in Table 1.

Table 1. Sieve analysis results

SIEVE ANALYSIS RESULTS

Sample Amount (g) : 10
Revolutions per minute

(rev/min) 100
Test time (min) : 10
Empt
Sieve o Particle Size I;Ii(;lee sie\./pe; fvililgilireen Sample Weigh;c
(W (mesh);ﬁlg @ weight (g) value %
1 5000 4 374.2 374.8 0.6
2 3500 6 383.4 383.8 0.4
3 1020 20 3404 345 4.6 46
4 850 20 3474 349.6 2.2 22
5 <596 30 328 329.8 1.8 18
under sieve- 340 340.4 0.4 4

Total = % 100

Test Result:
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. >5000 p000- 3500-1020[1020-850 [850-596 <596
interspace 3500

() W () (W) ()
Sample
amount % 4 46 22 18 4

sieve diameter=7 cm

Calculations for the ideal boiling of 3 kg, 3% moist salt product at
208.3 © C air temperature, 0.7 m /s, 0.8 m /s, 1.3 m/s, 1.5m /s, 2.5
m /s and 2.9 m / s it is made. At equation 1 was found between 1 and
30.14 kJ for the energy consumed until the water in the product reached
the boiling point. With the help of the same formula, the energy spent to
heat the product was 102.46 kJ and the energy required for the evaporation
of the water coming to the boiling point was 203.13 kJ. By collecting
the calculated energies, the total energy required for drying was found at
335.70 kJ and the mass airflow required at 208.3 ° C was 1.74 kg/s.

O =m.cAT (1)

The results of the tests carried out at the speeds of 0.7 m /s, 0.8 m /s,
1.3m/s,1.5m/s,2.5m/sand 2.9 m/s are given in Table 2. Total test
times were 4.584 min, 4.011 min, 2.262 min, 2.139, 1.284 min, and 1.107,
respectively.

Table 2. Flow rate results of trials at different air velocities
TEST TEST TEST TEST TEST TEST

UNIT 1 2 3 4 5 6
Pipe Diameter m 0.125 0.125 0.125 0.125 0.125 0.125
Air Speed m/s 0.7 0.8 1.3 1.5 2.5 2.9
Air flow m?/s 0.009 0.01 0.016 0.018 0.031 0.036
Volumetric Air Flow  m*min 0.515 0.589 0.957 1.104 1.841 2.135
Mass Air Flow kg/min 0379 0433 0.768 0.812 1.354 1.57
Total Test Time min 4584 4011 2262 2.139 1284 1.107

In the prepared test setup, a 3% moist salt product is formed at 200
mm cake height, at an air temperature of 208.3 © C, at air velocities of 0.7
m/s,08m/s,1.3m/s, 1.5m/s,2.5m/sand 2.9 m /s, respectively.
The trials were repeated during the calculated test times. At the end of the
calculated period of each trial, drying was stopped and the moisture values
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were measured in the product’s moisture analyzer. At the end of the drying
process, the total product remaining in the chamber is weighed and the
product loss is calculated and the results are shown in Table 3.

Table 3. Data used in tests

UNIT TEST 1 TEST2 TEST3 TEST4 TESTS TEST 6

Product initial
density

g/ml |1.084 |1.084 [1.084 [1.084 |[1.084 |1.084
% 3 3 3 3 3 3
% 0.0801 [0.0797 10.0680 (0.0712 ]0.0632 [0.0600
min  |4.58 4.01 2.26 2.14 1.28 1.11

Initial moisture

Final moisture

ITest 'll“imed

nitial product 3000 3000 [3000 (3000 3000 3000
%mmlmtr duct

1natpro 2930 2920 2730 598 213|012
amount

% 2.33 2.67 9.00 1340 [26.23 [32.93
mm 200 200 200 200 200 200

Product loss

Statjc cake height

Drying air °C 083 [083 [2083 [2083 [208.3 [2083
ppprayre
P m/is 07 0.8 13 15  p5 2.9

Pressure drop
caused by the mbar (0.493 (0.647 [1.778 |1.717 |6.447 |6.482

sieve
Pressure drop

caused by the
under-sieve
product

mbar [12.065 [12.688 [16.525 [20.585 [27.04 [28.086

- Sieve [Sieve [Sieve |[Sieve |[Sieve [Sieve

Sieve code

As aresult of the calculated periods, it was concluded that the product
was dry and the ideal boiling speeds observed in the analyzes match the
reality.

In the MFIX analysis program, a two-dimensional analysis was
performed to see the boiling movement of the product according to the
input speeds. Boiling images in the fifth second are shown in Figure 4.

In Figure 4, boiling was not observed because the gravity effect
(pressure drop created by the bed) caused by the testl and test2 product
beds was insufficient. The increasing air velocity in Test3 and Test4
overcomes the pressure drop and boils. In Test5 and Test6, it is clearly
understood from the boiling movement that the air velocity is too high
for the bed height. In summary, since the product does not boil at low
speeds, drying does not occur, while high-speed product loss occurs and it
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can be accepted as the most important criterion in the ideal speed drying
process. It is observed that boiling at speeds of 1.3 m/sand 1.5 m /s is
ideal. Time-dependent temperature graphs in the MFIX analysis program
are shown in Figure 5.

SR

Testl: 0.7m/s Test2: 0,8m/s Test3: 1.3m's Testd: 1 5m/s Test3: 2. 5m/s Testd: 2.9m's

Figure 4 MFIX analysis results
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Figure 6 Temperature change of tests

In Figure 6, the bed temperature increases linearly and slowly in the
air velocities before boiling. At the speeds that boil, the bed temperature
increases rapidly and linearly. At high speeds, the bed temperature changes
instantaneously (irregularly) due to air explosions and non-ideal boiling
movements in the product. Drying time and ideal drying temperature
depend on airspeed.

In the Solidworks simulation program, pressure losses caused by the
sieve plate were examined. Since the results are very small and the scale
range of the manometer in the test device is large, the results of the analysis
here are included in the Figure 7. The minimum / maximum pressure
values of the tests were found as 1013.13 / 1013.68, 1013.17 / 1013.81,
1012.97 / 1014.71, 1013.03 / 1014.72, 1012.33 / 1018.05 and 1012.29 /
1018.65, respectively.
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Figure 7 Pressure losses created by the sieve plate in the Solidwork program

4. CONCLUSIONS

Calculations for the ideal boiling of 3 kg, 3% moist salt product at
208.3 ° C air temperature, 0.7 m /s, 0.8 m/s, 1.3 m/s, 1.5m/s,2.5m/
s and 2.9 m /s it is made. The total energy required for drying was 335.70
kJ and the required mass airflow at 208.3 © C was 1.74 kg/s. In addition, a
two-dimensional analysis was performed to see the boiling movement of
the product according to the input speeds in the analysis program. Boiling
at speeds of 1.3 m /s and 1.5 m /s was ideal.
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1. Introduction

Nanotechnology comes into our lives with many applications such
as; self-cleaning paints, non-contaminating fabrics, coatings as hard as
concrete to diamond, killing cancer cells without damaging the body,
creams that do not lose their effect for days, socks that do not smell
because they kill bacteria, and microbe-free refrigerators. As an application
of nanotechnology, it is possible to prepare smart surfaces that water-
repelling (hydrophobic) and water-loving (hydrophilic). Many surfaces
such as automobile glasses that do not require superhydrophobic wipers,
non-fogging bathroom mirrors and vehicle interior windows, self-cleaning
building exteriors (figure 1), non-clogging stent walls, ship exterior paints
that algae and marine animals cannot adhere, and friction-free surfaces can
be prepared.

A B

Figure 1. Self-cleaning building exterior. A- self-cleaning nano-paint B- close up
view of the droplet (Ozgiir et al., 2007:52)

Hydrophobic surfaces are a form of nanotechnology that is used in
many areas of industry and new ones are being added to these areas every
day. The interest in hydrophobic surfaces has been emerging for the first
time by investigating the reasons why the lotus leaves are always clean.
The leaf surface is covered with a material with low surface free energy
as well as having nano-scale hairs present on the rough structure. With a
combination of both of these two properties, it has been determined that the
lotus leaf surface has a hydrophobic property. Thus, due to the air trapped
in the nanoscale spaces, the liquid drop on its surface contacts the surface
with a very small area.

In this way, the liquid drop can remain on the surface with a high contact
angle thanks to the surface tension, close to a spherical shape. It can also
roll off the surface with a small slope. During rolling, the liquid drop cleans
the surface of the material by taking away the dirt and dust particles on the
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surface (Neinhuis and Barthlott, 1997:667). Because of these properties,
hydrophobic/superhydrophobic surfaces have found many applications in
industry such as; improving corrosion resistance, self-cleaning surfaces,
prevention of icing and fogging, oil and water separation, battery
manufacture technology, optical devices, water purification, membrane
separation, and anti-bacterial surfaces, and medical applications.

The wetting behavior of the solid surface is very important for both
practical applications and basic research. The hydrophilic or hydrophobic
property (wettability) of the surface can be characterized by measuring
the surface tension between the surface and the water droplet. If the
contact angle is less than 90°, the surface is called hydrophilic, it is greater
than 90°, it is called hydrophobic, it is between 150° and 180°, is named
superhydrophobic. Contact angle (CA); depends on many factors including
surface energy, roughness, method of surface preparation, and surface
cleanliness (Bhushan and Jung, 2007:1033). Changes the wettability of the
solid surface depends on the chemical properties and microstructure of the
surface.

Hydrophobic surfaces can be prepared both by using low surface
energy materials (such as fluoride or alkyl compounds) (chemical method)
and by controlling the surface roughness (geometric method). Chemical
modification of the flat surface can maximum increased the contact
angle up to 120°, while the contact angle can be increased above 150°
by increasing the surface roughness by adding nanoscale particles to the
structure. With the creation of surface roughness or air pockets, the surface
area increases, and the hydrophobicity of the surface is increased (Hsiang
et al., 2007:420).

Non-wetting, in other words, water repellency (hydrophobicity) or vice
versa, wettability (hydrophilicity), and surface energy terms encountered
in the many disciplines, including construction, chemistry, food, textile,
paint, glass, pharmacy, mining, electrical electronics, metallurgy, and
materials, etc. It occurs during the production of materials or products in
many different industrial areas. Some of them can be listed as follows:
water-repellency, ie non-wetting fabric in textile (Liu et al., 2012:17426;
Fang et al., 2017:2039), to obtain non-stick surface’s in the metal industry,
the metal surface was coated with teflon etc. materials (Arukalam et al.,
2016:220; Gnedenkov et al., 2016:1241; Zdziennicka, et al., 2009:243), ,
in the paper industry, the paintability and print quality of the paper surface
(Gaoetal., 2015:24; Asano and Shiraishi, 2015:55; Azemar etal., 2015:10),
in mining, ore enrichment by flotation and solid-liquid separation by
precipitation method (Raza et al., 2014:10137), in the food, cosmetics and
paint industry ensuring the stability of emulsified products (Kapilashrami
et al., 2004), in pharmaceutical to form drug (pill) formulations (Holck, et
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al., 2012:1285), in the electrical and electronics industry; the productioning
of electronic circuits and the determination of the product quality in the
production of insulation material (Syakur, et al., 2012:284), especially in
the construction industry; coating with hydrophobic materials to protect
the basic structures of buildings against groundwater (Le and Nunes,
2016:1), in the material field, to obtaining a super hydrophobic product
or surface (Chakradhar, et al., 2011:8569) and in biomaterial production
(Huebsch and Mooney, 2009:426; Mockenhaupt et al., 2008). Determining
the wettability or non-wettability of a solid measured by the surface energy
of that solid (figure 2).

Hydrophilic

6<90 Superhydrophobic

Figure 2. The states of surfaces with different contact angles (Oberli et al.,
2014:47)

There have not been many studies on the investigation of wettability
and determination of surface energies. Syakur et al. 2012, added silicone
rubber and silica sand to the epoxy and examined its hydrophobic character
and electrical insulating ability and electrical insulating ability. As a
result, both properties of silicone rubber increase positively while they
determined that adding 10-20% silica by weight to epoxy does not affect
these properties (Syakur et al. 2012:284). Atta et al. 2016, measured the
water contact angle of epoxy coatings containing CaCO, nanoparticles
whose surface was modified with fatty acids. They found that the contact
angle increased significantly with the addition of modified calcite (Atta et
al., 2016:577).

In today’s world, eliminating environmental pollution with traditional
methods using water and chemicals will soon become impossible, given the
increasing population and decreasing energy resources. Therefore, in recent
years, individual and industrial level cleaning and environmental treatment
issues have been among the topics of great interest to researchers. For this
purpose, self-cleaning dyestuffs have started to be produced, and studies
on bringing the self-cleaning feature to textile surfaces have come to the
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fore. With the use of self-cleaning textile surfaces in daily life, reduction
in cleaning costs is achieved by minimizing the use of water and electricity
and conserving energy resources. Thus, it is aimed to develop sustainable
innovative cleaning methods.

Inspirations from nature give researchers a remarkable perspective in
experiencing nanotechnological developments. For example, the gecko, a
type of lizard, can hold onto the surface on which it is located, thanks to
the nano-structured hairs on its feet. Figure 3 shows the gecko lizard and
the nano-structured hairs on its feet.

Figure 3. Micro and nano-structured hairs on the Gecko feet (Bozkaya, 2006)
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Lotus leaves have also nano-sized roughness. As a result of these
leaves being nano-rough, a drop of water on the leaf surface rests on
the nanoparticle contact with air much more than on a normal surface.
Therefore, the surface tension of the water droplet prevents the drop from
slipping and allows it to roll from the surface. Dirt particles on the surface
are also effectively transported by the rolling liquid droplet. Thus, the
surface gains self-cleaning quality. The lotus leaf and the water drop on it
are shown in figure 4.

b 2 i D 8 o0
Figure 4. Leaves of Lotus Plant (Ozdogan et al., 2006:287)

Studies on self-cleaning surfaces have been an area that researchers
have focused on in recent years. Metal oxides such as TiO,, SiO,, ZnO, and
MgO are used to obtain self-cleaning surfaces. Today, nanoparticles of said
metal oxides are combined with textile materials to form nano-composites
or these composites are transferred to the textile surface as a nano thin
layer by different methods. Self-cleaning textile and glass surfaces thanks
to the TiO, coating, and self-cleaning dyestuffs obtained by adding titanium
dioxide nanoparticles attract great attention today.

2. Basics of self-cleaning
2.1. Surface free energy / Surface tension

The atoms on the surface of the dense phase material interact with
a very different environment than the atoms on its inner surface. This
difference is due to the asymmetrical environment, for example; each atom
of the bulk material is again surrounded by the same single type of atom.
But on the surface, the situation is different, they are exposed to different
influences as they interact with their close or distant neighbors around them.
Therefore, these atoms have a different distribution of energy according to
the atoms inside. Especially for liquids, this situation undesirably increases
the energy of the liquid molecules. To reduce this energy, a force is created
by the surface. To this in solids; the surface free energy in liquids is called
surface tension and is represented by (y).
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Many aquatic insects live according to the laws of physics. For
example; a water spider; walks on the membrane formed due to surface
tension on the water. There is a dense velvety weave of hydrophobic
(water-repellent) hairs covered with wax to prevent them from sticking to
water (figure 5). Moreover, the legs of the water repellent (Gerris remigis)
have a water contact angle of about 167°. It is therefore characterized by
durable and robust super hydrophobicity (Liu et al., 2013:503).

Figure 5. Water spider (Yenice E.,2015)

2.2. Surface roughness

The most important factors affecting the contact angle are the surface
energy and roughness of the solid. Surface energy arises as a result of
surface tension. In a crystal structure, an atom in the crystal can stably hold
its place as it is subjected to pulling force from all directions. However, it
is not concerned with the same situation for surface atoms. The surface
atom feels half the tensile force applied to an atom inside and therefore
tends to rupture from the surface, which creates surface tension. The lower
the surface tension, the smaller the contact angle. The increase in surface
roughness causes both hydrophilic and hydrophobic properties to increase.
The maximum contact angle that can be reached without roughness does
not exceed 120° for a hydrophobic surface. As the roughness causes air
compression between the surface and the water drop, the interaction
between it decreases, so the contact angle increases on hydrophobic
surfaces (Sas et al., 2012:824).

In many studies in the literature, it is stated that surface roughness is
one of the most important factors in the production of superhydrophobic
and superoleophobic surfaces. The contact area between the surface and
the liquid is minimized by increasing the surface roughness with the
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chemicals used and thus superhydrophobic and superoleophobic surfaces
can be produced (Lafuma and Quere, 2003:457).

Hong et al. created a water-repellent surface for automobile safety
glasses by the sol-gel process. Surfaces are coated with a spray coating
method consisting of a silica substrate and a fluorocarbon layer that
provides surface roughness and also increases chemical and mechanical
resistance. The mentioned method consists of two independent steps. The
first step is to produce silica sols and water repellent coating solutions. The
second step is the heat treatment for sputter deposition and curing. Silica
sol was obtained by a two-step aging process: in the first aging, a basic
catalyst such as NH,OH was added to a mixture of tetracthylortosilicate
(TEOS) and ethanol, and in the second aging was performed by adding
an acidic catalyst. Water-repellent coating solution flor was made by the
hydrolysis reaction by the addition of fluoroalkylsilane, HCl and H,0. After
the glasses were cleaned, drying and heat treatment was carried out at 100-
500 °C on spray-coated silica glass. Then the water repellent solution was
spray coated on the silica layer and the system was heated at 100-150 °C
and cleaned with alcohol. Thanks to the coating developed within the scope
of the study, the contact angle of the surface was increased up to 112°, but
as a result of the safety tests, it was observed that the abrasion resistance
decreased as the surface roughness increased (Hong et al., 1999:274).

Erbil et al. investigated that the effect of polymer concentration, film
formation temperature and lack of solvent on the homogeneity, surface
roughness and water contact angle of isotactic polypropylene coating. The
profile of a water droplet on a smooth polymer surface has a contact angle
of 104°. Increasing the initial concentration of the polymer increased the
final coating thickness and surface roughness, hence contact angles up to
149°. This surface provides a homogeneous initial precipitate layer grown
on the network and creates a more homogeneous final coating. Changing
the drying temperature and drying conditions affected homogeneity.
Furthermore they were able to create a superhydrophobic polymer coatings
on a variety of substrates, including aluminum foil, stainless steel, teflon,
high density polyethylene and polypropylene other than glass slides. The
only condition for applying this method to various surfaces is that the
solvent mixture does not dissolve the underlying material. The disadvantage
of this method is that after a long time deterioration of strength (Erbil et
al., 2003:1377).

Zhang et al., a new, simple and low cost method has been developed
to improve the surface properties of the TiO, film. Degussa P25-TiO,
nanoparticles-glazed ceramic tiles on tetraethyl orthosilicate (TEOS)
was modified with. The effects of tetraethyl orthosilicate modification
were investigated on the microstructure, crystal structure, hydrophilicity,
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photocatalytic activity and stability of the films. In their study, the modified
P25-TiO, / TEOS particles compared to pure P25-TiO, particles, have
found that the better dispersion, the higher surface area, the greater surface
roughness, and and have found that a smaller particle size exhibited.
After 10 days in a dark place the coatings have better hydrophilicity and
higher photocatalytic activity under visible light irradiation were observed.
Therefore, they concluded that the P25-TiO,/ TEOS films have good wash
resistance and would be a suitable candidate for practical applications
(Zhang et al., 2013:141).

3. Theoretical basis about wettability
3.1. Wettability

Wetted the spread of a liquid on the solid surface and covering the
surface at a certain rate and wetting of the solid surface to be covered
by any liquid to a certain extent, the degree to which this phenomenon
occurs is called wettability. The contact angle gives information about the
wettability property of a material and the surface energy of a solid surface.
According to the wetting theory, when a droplet is deposited on a solid
surface, the fluid dynamics of both the solid and liquid phases are affected
by different physical and chemical factors. These factors are fluid dynamics
of both solid and liquid phases, surface tension, density and solid-liquid
temperatures, the viscosity of the liquid, surface roughness, and shape of
the solid. Contact angles vary depending on the tensions between the three
surfaces (Zhang et al., 2013:141)

If the contact angle is greater than 90°, the surface is hydrophobic and
the liquid material cannot penetrate through the pores in the solid material
and cannot fully wet the solid material. Fully wetting is observed when
the contact pain is 0°. Surface energy, adhesion, and wettability increase
as the contact angle decreases, and the larger the contact angle, the lower
the surface energy, wettability, and adhesion (Zhang et al., 2013:141).
The wetting event can be divided into two general classes: Equilibrium
wetting occurring where a liquid and solid in contact are not intervened
from outside and dynamic wetting in which the liquid or solid (or both)
is in the transition to other phases during the wetting period. The wetting
event can be divided into two general classes: equilibrium wetting where a
liquid and solid in contact is not intervened, and the liquid or solid (or any
It is the dynamic wetting in which the two) are in transition to other phases
during the soaking period. A static contact angle is obtained if the system is
in equilibrium and a dynamic contact angle if it is variable (Aydar, 2012).

When the surface of the wetting properties is analyzed; wetting
properties is characterized by the main parameter is the is the static or
dynamic contact angle with the solid of the liquid. The contact angle
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depends on many factors; surface energy, surface roughness and whether
the surface is clean or not, etc. If the liquid wets the surface (hydrophilic
surface), the static contact angle value of 0° <0 < 90°, the liquid does not
wet the surface (hydrophobic surface), the contact angle value is 90° < 0 <
180°. Surfaces show hydrophilic properties; composed of polar molecules
having high surface energy, and show hydrophobic properties; composed
of non-polar molecules having low energy surfaces. Contact angle 10 © less
than the super hydrophilic surfaces, while surfaces with a contact angle
between 150 ° and 180 ° is known as superhydrophobic (Bhushan and
Jung, 2011:1).

Therelationship between the construction methods of superhydrophobic
surfaces, surface morphology, and wettability was explained in theory by
Ma and Hill. Extensive information has been given on the techniques of
making non-wetting solid surfaces created by using polymer and sol gel
chemistry. With the combination of micrometer and nanometer roughness
scale, it has been emphasized that when used in low surface energy
materials, the contact angle is greater than 150 © and these types of surfaces
are called superhydrophobic surfaces. The current situation and recent
developments regarding superhydrophobic surfaces are explained in their
studies (Ma and Hill, 2006:193).

Yiice et al. were investigated that the surface hydrophobicity of
polystyrene nanoparticle nanocomposites as a function of nanoparticle.
The contact angle change depending on the surface composition or surface
roughness on the polystyrene surface was examined. Silica nanoparticles
with polystyrene, chloroform and dimethylsilyl hydrophobic surface groups
were used in the study. The coating was made on slides with the spin coating
method. Characterization was made using contact angle measurement,
scanning electron microscopy and atomic force microscope techniques. It
has been found that in the case of good dispersion of nanoparticles, the
cosine of the water contact angle (cos 0) decreases linearly with increasing
mass percentages of the nanoparticles. This situation has shown that
the composite surface includes the smooth polystyrene regions and the
rough nanoparticle regions. Two-component (polymer and nanoparticle)
composite surfaces where only the surface composition changes but
the surface roughness is kept constant for each component are modeled
the Cassie-Baxter model. The cosine of the water contact angle sharply
decreased at the start of a transition as the nanoparticles formed clusters of
broad size distribution. This behavior is modeled as a transition from the
Wenzel regime to the Cassie-Baxter regime on a critical roughness length
scale. This is because the Laplace pressure prevents the water droplet from
penetrating the surface fluctuations (Yiice and Demirel, 2008).
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3.2. Wetting models

Contact angle measurements, first described by Thomas Young in
1805, are still used to characterize the surface properties of solids such
as non-wetting and surface energy and to determine liquid-solid interface
and solid surface energy at minimum equilibrium distance, is one of the
simplest and most accurate methods (Young, 1804:65; Bormashenko,
2014:92). The expression of contact angle (0) depending on the surface
and interface energies is also known as the famous Young’s equation and
is schematized in figure 6a.

Young’s equality is based on the ideality of surfaces. Ideal substrate;
they are chemically homogeneous, perfectly smooth surfaces. Accordingly,
hysteresis is not concerned since there is no difference in advancement
and regression contact angles for ideal systems. On the other hand, on the
real (heterogeneous and rough) surfaces, since different angles may occur
along the lines that the drop touches, an angle that exactly fits the Young
equation cannot be observed (Aydar 2012).

The droplets form a three-phase contact line suitable for solid-liquid,
solid-air, and liquid-air interfaces as shown in Figure 2. The forces created
by the surface tension at each interface attract the drops on the solid surface
and determine their shape (Sas et al., 2012:824; Blossey, 2003:301).
According to Young’s equation (1), the cosine of the equilibrium water
contact angle () is directly proportional to the difference of interface forces
per unit length of solid-air and solid-liquid, while inversely proportional to
the liquid-air interface force (Shirtcliffe, 2010:124).

Cos § = Le=Tsl
¥ip (1)

In liquids, there is a dynamic balance between the liquid surface and
the inside of the liquid. Therefore, the free surface energy is the same at
all points, but for solid surfaces, the free surface energy is not equal at all
points. The equilibrium contact angle depends on surface conditions. The
wetting behavior of smooth (ideal) and rough solids was developed by
Young and Wenzel, Cassie-Baxter equations, respectively.

3.2.1. Wenzel’s Equation

During the studies to give water repellency to textile surfaces, Wenzel
(1936) revealed that surface roughness can significantly alter the water
contact angle (Wenzel, 1936:988). According to Wenzel’s equation (2),
water progresses following all topological variations on the surface (Figure
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6b). Wenzel’s equation is called homogeneous wetting, in which Young
contact angle (0) and surface roughness (r) are used to find the water
contact angle on the rough surface.

r(}'rﬂ: - }’3:) = Vi €05 951’ )

¥
where B is Wenzel’s contact angel affected by surface roughness;
modified Wenzel’s equation is:

cosby,, = r cosf 3)

The roughness parameter (r) is found as the ratio of the liquid-solid
contact area to the geometric projection of the liquid-solid interface. If
the roughness parameter is equal to 1, the surface becomes a smooth
ground, and Wenzel’s equation converted Young’s equation. However, it
is accepted that this parameter is always greater than 1 for rough surfaces
and that it causes an increase in the contact angle of hydrophobic surfaces
(Sas et al., 2012:824; Sanjay et al., 2012:76).

Solid surfaces are seldom homogeneous. The microscopic surface
roughness comprising tangential direction at the three phase contact line
is not parallel to the macroscopic solid surface. Wenzel was the first to try
to uncover the relationship between surface roughness and actual contact
angle. He stated that in parallel with the increase in surface roughness,
the hydrophobic behavior of the material also increase. This behavior is
associated with the increase in surface roughness provided by the surface
area (Lee and Owens 2010:3247).

3.2.2. Cassie-Baxter’s Equation

Wettability of rough, chemically heterogeneous, two-component
surfaces; often defined by the Cassie-Baxter model (Figure 6¢). Cassie-
Baxter (1944) proposed another model to explain the roughness effect on
the behavior of the drop on the surface. In contrast to Wenzel, wetting is
assumed to be heterogeneous in this model; the air is trapped in the surface
voids by the liquid. In this case, the contact area between liquid and solid is
minimized, while the area between liquid and air is maximized. Thus, the
liquid is forced to form spherical drops (Cassie and Baxter, 1944:546; Sas
et al., 2012:824; Sanjay et al., 2012:76).
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Their model consists of two parts. The first part includes a surface
fraction, f;, and contact angle of 0, and the other part includes f, and 0,
(Cassie and Baxter, 1944:546). Hence, in Cassie and Baxter’s equation, the
contact angle is defined as Eq. (4):

cosf = f, cosf, + f,cos &, “4)

where 0 is the contact angle in the model of Cassie and Baxter and f,
is the fraction of surface area with contact angle 0, (f, + f, =1). If only air
is present between solid and liquid, 6, will be 180°. Therefore, Eq. (4) can
be written as Eq. (5):

cosfp=f, (cosf,+1)—1 (5)

where f_ is the fractional solid surface with a contact angle of 0. In
addition to the models listed, more improved models have been provided
in references to predict the specific modes of wetting (Lopes et al.,
2013:24530; Sas et al., 2012:824).

(@ Young (b)  Wenzel (©)  Cassie

Ysv

Figure 6. Different wetting models (Barati Darband et al.,2020:1763)

4. Conclusions

Nanotechnology is a technology that deals with structures and
processes on the order of one billionth of a meter. New properties of
materials that are reduced to a nanoscale size that cannot be observed
on a macro-scale are emerging. Two basic strategies known as top-down
and bottom-up are used to reduce materials to nanosize. While physical
methods are used in the top-down strategy, chemical methods are used in
the bottom-up strategy.
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Due to the important properties given to materials, nanotechnology
has been used widely in composite applications and the production
of nanocomposites has gained speed. Nanocomposites consist of two
components as filling and matrix materials. While filling materials are
nano-sized particles, tubes, and fibers, matrix materials are polymer, metal,
ceramic, and their derivatives. The most commonly used matrix material
is thermoplastic polymer matrices. The main reasons for this are the ease
of processing, mechanical properties, flexible structure, and low density of
polymers. In the production of polymer nanocomposites, melt blending,
solvent method, and in-situ polymerization methods are widely used.

In this article, developments about surface characterization and its
applications in nanotechnology and studies on this subject are compiled.
Hydrophobicity or severe water repellency of the surface finds important
solutions in many application areas such as self-cleaning, coating, corrosion
resistance, biotechnology, and low friction coatings. It is possible to adjust
the surface topography by selecting the design parameters of the surface
appropriately, and thus to obtain the hydrophobicity afterward.
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INTRODUCTION

Electrical energy demand is increasing rapidly in proportion to
technological developments. As the electrical energy generation capacity
is limited, it is vital to use the generated energy in the most efficient
way (Cengiz et al., 2017). However, limited energy resources have led
system planners to look for new techniques to improve the power system
performance (Albatsh et al., 2017 & Kocaman et al., 2015). Electric power
systems are designed to be stable in both steady state and various operating
conditions. As the population and economy are growing, flexibility,
reliability and capacity of the existing systems should be increased (Bakir
et al., 2018; Kocaman et al., 2020 & Ikbal et al., 2019). Controlling
and optimization of power systems are the easiest and most appropriate
approaches to achieve this aim (Yildirim et al., 2017 & Cengiz et.al,
2017). However, nonlinear conditions that may occur during operation of
actual power systems adversely affect such flows. While the conventional
methods have limited capabilities to optimize power systems in case of
nonlinearity, one of the proposed solutions is upgrading existing power
systems using flexible alternating current transmission system (FACTS)
controllers (Haddadi et al., 2011; Li et al., 2000 & Gotham et al., 1998).
In this regard, various FACTS devices have been developed and used for
whole system optimization. However, it is necessary to perform certain
analyses concerning both planning and operating sections of power systems.
One of the most important analyses is power flow analysis, which provides
data for optimal power flow studies (Allaoua et al., 2009). Power flow
analysis allows system engineers to plan the operation of power systems
under existing conditions and to optimize power systems according to the
requirements of future applications.

Power system engineers and planners should perform an adequate
and effective power flow analysis for continuous operating and advanced
controlling the system components. As there are numerous and efficient
power flow analysis techniques available in the literature to analyze the
power system (Farag et al., 2011; Haque 2000; Li et al., 2014 & Li et al.,
2016), a power flow analysis algorithm should have following capabilities:

(1) Quick convergence performance for immediate detection of system
transients.

(i1) General design for ability of quick and easy adaptation.

The power flow analysis techniques that available in literature have
disabilities to handle modern power systems (Ghatak et al., 2017). These
limitations are major disadvantages of such algorithms.
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Researchers were studied various components and devices are
developed to adapt conventional power flow analysis methods with
modern power systems (Bhullar et al., 2017; Pourbagher et al., 2018). As
the FACTS devices are components developed for this purpose, among
them, unified power flow controller (UPFC) is the most effective to regulate
active and reactive power flows in power systems due to its regulation and
optimization capability.

UPFC is designed as two controlled converters linked back-to-back
with 