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 The reliance on conventional heat sources such as electric coils, gas, and fuel 

oil is associated with high costs, limited controllability, and incompatibility with the 

pursuit of sustainable energy. Electromagnetic induction, as investigated in this 

dissertation, emerges as a promising heating technology distinguished by its rapid 

energy transfer, uniform heat distribution, and flexibility in the design of induction 

loads. Accordingly, this research developed a prototype hot-air generation system 

utilizing induction heating and compared its performance with an electric coil system 

in terms of energy consumption, heating time, and heat transfer efficiency. The 

prototype incorporated various induction load configurations smooth tube, finned 

tube, baffle, and twisted plate and was experimentally tested under turbulent flow 

conditions with Reynolds numbers in the range of 8,000 12,000 and target outlet 

temperatures of 50 90 mented by CFD simulations 

in SOLIDWORKS and ANSYS to elucidate the underlying heat transfer mechanisms. In 

addition, statistical modeling was carried out using the Response Surface Methodology 

(RSM) to predict the outcomes for configurations not tested experimentally, followed 

by multi-criteria decision-making to determine the most appropriate design. 

 The results clearly demonstrate the superiority of induction heating over 

 the induction system reduced the 

heating time from 809.60 seconds to 429.54 seconds and lowered energy consumption 

from 0.18033 kWh to 0.09688 kWh, achieving approximately 46% energy savings. This 

trend was consistently observed across all operating conditions. Each induction load 

configuration exhibited distinct advantages and limitations. The finned tube was 

identified as the most suitable design, offering the optimal balance between heat 

transfer enhancement and pressure drop. The twisted plate produced higher heat
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& Bawa, -

Vega-

( )TWeight

Re( )Weight

Re( )Weight
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Webb & Kim, ,

,

,

Manglik & Bergles, 

, , 

, , ,

, ,

ReWeight

Webb & Kim, ; 

Manglik & Bergles, 

jT Rek

Re, ( ) ( )k Tj Weight j Weight k

,j k Unnormalized weight) ( , )j k

Normalization
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,
,

,

j k
j k

j kj k

,j k ( ,Re )j kT Normalize 

,j kj k

,j k

Probability-like weight) ( ,Re )j kT

0/Nu Nu , 0/f f

TEF

(80 ) 0.25TWeight C

Re (10,000) 0.40Weight

80,10000 0.25 0.40 0.10

,j k Normalization 

80,10000

,

Saaty,  et al., ,j k

Ease of Maintenance (Ease_Maint) 

Ease of Maintenance 

, Downtime), 

, Ease of Maintenance 

Sub-criteria) Rubric) 

Weighted Sum Model: WSM) Saaty, 
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1 Sub-criteria) 

Ease of Maintenance 6 

- E1 Fabrication simplicity): 

- E2 Accessibility 

and cleanability): 

- E3 Fouling propensity): 

- E4 Ease of disassembly

/assembly): 

- E5 Mechanical and thermal 

durability): 

- E6 Standardization of parts/tools): 

2 Rubric 1 5) 

1 5 

Rubric 

- 1 ( , , , 

- 2: , 

- 3 ( , 

- 4: , , 

- 5 ( , , , 

3 0 1 Normalization) 

Normalize) 1 5 0 1 

,
,

1

4
i j

i j

s
s
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,i js i j

,i js i j

Normalize 

Cengel & Ghajar, 

Sub-criteria weights) 

Analytic Hierarchy Process (AHP) (Saaty, 

Pairwise comparison matrix) 

Principal eigenvector) 

Consistency Ratio: CR) 4 

max ,
1

n
CI

n

CI
CR

RI

max

n

RI Random Index Saaty 0.10CR

1 2 6( , ,..., )w w w w  1 

  5  Ease of Maintenance 

Ease of Maintenance i

6

,i j i j
j i

EaseRaw w s

iw j

,i js i j

Normalization 
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_ int
max

i
i

h h

EaseRaw
Ease Ma

EaseRaw

maxh hEaseRaw EaseRaw 

_ int iEase Ma

Normalize 

 et al., 

3. .3 Life-Cycle Cost (LCC) 

Life-Cycle Cost (LCC) 

Capital Expenditure: CAPEX) 

Operating Expenditure: OPEX) 

LCC 

Fuller & Petersen, ; 

Dhillon, 

Life-Cycle Cost 

LCC 

capC Capital cost) 

opC Operating cost) 

intmaC Maintenance cost) 

downtime 

Dhillon, 2010; Fabrycky & 

Blanchard, 1991) 
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, int,

1 (1 )

N
op t ma t

cap t
t

C C
LCC C

r

LCC

capC Capital cost) 

,op tC t

int,ma tC t

r Discount rate) 

N

Net Present Value: NPV) 

2

- capC : 

Twisted plates Hollow Fin 

- opC : 

,op t t eC E P

tE t  (kWh) 

eP kWh kWh) 

  - intmaC : Downtime 

Ease of Maintenance Dhillon, 2010) 

3  Normalize LCC 

LCC 

0 1 Saaty, 2008) 



71 

* min ( )h h
i

i

LCC
LCC

LCC

*
iLCC LCC Normalize i

iLCC LCC i

min ( )h hLCC LCC 

1 

Integration of Criteria) 

Multi-Criteria Decision Making: MCDM) 

Weighted Sum Model: WSM) 

Saaty, ; Triantaphyllou, 

Weighted Scoring 

LCC 

Weights) 

i

Triantaphyllou, 2000) 

,
1

M

i m i m
m

Score W X

iScore i

mW m
1

( 1)
M

mm
W

,i mX Normalized value) i m

M
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Weighted Sum Model (WSM) 

Ranking) 

Triantaphyllou, 2000) 

2

( )mW

LCC 

Dhillon, 2010; 

Fuller & Petersen, 1996) Ease of Maintenance 

Downtime 

Nu/Nu0, f/f0 TEF 

Nu/Nu0 = 0.10, f/f0 = 

0.25, TEF = 0.10, Ease of Maintenance = 0.25 LCC = 0.30

Saaty, 2008; 

Triantaphyllou, 2000; Webb & Kim, 2005) 

3  Normalize 

Normalize 

0 1 

- Nu/Nu0, TEF Ease of 

Maintenance 11 

,
,

,max
i m

i m
h h m

Value
X

Value

- f/f0 LCC 
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,
,

,

minh h m
i m

i m

Value
X

Value

Normalize Normalized 

1 

Keeney & Raiffa, 1993; Triantaphyllou, 2000) 

4

Normalize 

WSM 

( )iScore Ranking) 

Solid conduction) 

Forced convection in internal flow) 

Turbulent internal flow) 

Temperature dependent 

properties) 

Computational Modeling) 
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SOLIDWORKS Flow Simulation 

CAD CFD CAD CFD 

Conjugate Heat Transfer (CHT)

Boundary Conditions) 

Volumetric heat generation) 

Boundary layer mesh Refinement Gradient 

Post-processing 

 Pre-processing 

Pre-processing 

1 Create the Geometry)

Simplify)
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SOLIDWORKS Flow Simulation 

2 Mesh Generation Cartesian mesh 

Orthogonal grid)

 Local Mesh Refinement SmartCells 

Automatic local refinement) 

cell 

cell 



77 

3 Mesh Independence Test)

Coarse mesh) Medium mesh) Fine mesh)

 Processing/Solving 

SOLIDWORKS Flow Simulation Finite Volume Method (FVM) 

1

Analysis type Internal Analysis

Closed conduit) 

Physical Features 
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- Consider closed cavities

Inlet Outlet

Open flow Volume 



80 

Co
ns

id
er

 c
lo

se
d 

ca
vi

tie
s 

SO
LI

DW
O

RK
S 

Fl
ow

 S
im

ul
at

io
n 

(Y
es

) 
(N

o)
 

Ca
vi

ty
 

Do
m

ai
n 

BC
 

Ca
vi

tie
s 

w
ith

ou
t f

lo
w

 c
on

di
tio

ns
) 

CH
T 

Ca
vi

ty
 

Fl
ui

d 
do

m
ai

n 
) 

Do
m

ai
n 

Do
m

ai
n 

de
te

ct
io

n)
 

Co
m

pu
ta

tio
na

l 

do
m

ai
n 

Ca
vi

ty
 n

at
ur

al
 c

on
ve

ct
io

n,
 T

ra
pp

ed
 

ai
r) 

BC
 

Co
m

pu
ta

tio
na

l d
om

ai
n 

In
te

rn
al

 th
ro

ug
h-

flo
w

 

Ca
vi

ty
 Na
tu

ra
l c

on
ve

ct
io

n)
 

Ye
s 

Ph
ys

ica
l 

fid
el

ity
) 

Fi
de

lit
y 

Tr
ap

pe
d 

ai
r t

ha
t h

ea
ts

 u
p,

 N
at

ur
al

 

co
nv

ec
tio

n 
in

sid
e 

ca
vi

tie
s, 

Pr
es

su
re

/T
he

rm
al

 tr
an

sie
nt

 in
sid

e 

cl
os

ed
 v

ol
um

es
) 

M
od

el
 

O
pe

n-
th

ro
ug

h 
flo

w
 

Ph
ys

ic
al

 ju
dg

em
en

t) 



81 

Co
ns

id
er

 c
lo

se
d 

ca
vi

tie
s 

SO
LI

DW
O

RK
S 

Fl
ow

 S
im

ul
at

io
n

(Y
es

) 
(N

o)
 

Bo
un

da
ry

 C
on

di
tio

ns
 

BC
 

Ca
vi

ty
 

BC
 

In
iti

al
 s

ta
te

) 

BC
 

In
le

t/
O

ut
le

t/
BC

 

Ca
vi

ty
 

Co
m

pu
ta

tio
na

l d
om

ai
n

Ca
vi

ty
 

Co
nj

ug
at

e 
He

at
 

Tr
an

sf
er

 (C
HT

) 

Ca
vi

ty
 

CH
T 

He
at

 b
ui

ld
up

 in
 

cl
os

ed
 p

oc
ke

ts
) 

Ph
ys

ic
s 

In
te

re
st

 

(F
or

ce
d 

in
te

rn
al

 fl
ow

 p
as

t h
ea

te
d 

de
vi

ce
) 

Th
ro

ug
h-

flo
w

) 

M
od

el
in

g 
er

ro
r 

BC
 

Do
m

ai
n 

Fl
ui

d 
Ph

ys
ic

s 

Na
tu

ra
l c

on
ve

ct
io

n 
in

sid
e 

ca
vi

ty
) 

Ge
om

et
ry

 

To
ol

s 
Ca

vi
ty

 

de
te

ct
io

n/
Li

ds
 

Fl
ui

d 
ca

vi
tie

s 
GU

I 



82 

 (Solid Materials) Carbon steel 

ASME CODE SA36 

Thermal conductivity W/m.K) 

Polynomial 51.74556 + 7.674726E-02 x T - 1.609082E-04 x T  

Density kg/m 7,850 kg/m3 

Polynomial 

Specific heat capacity J/kg.K) 

ASME CODE SA36 Polynomial 

11.38362 + 2.185761 x T - 2.375562E-03 x T2 

3 (Boundary Conditions) 

Inlet Reynold number 

(Re ) / ( )D = 

 m/s K 

Outlet Static Pressure 

- Volumetric Heat Generation

, W 
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  Initial conditions 

  Steady-state mode Mesh Independence

Conditions  

  Transient mode Start-Up) 

 Reynold number

Steady-state mode 
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 Convergence Criteria SOLIDWORKS Flow Simulation 

 Residuals Discrete equations) 

 Iteration 

- Goals/Monitors

Outlet temperature, Pressure drop

, Solid temperature (

Fluid temperature Heat Transfer 

Coefficient 

- Conservation/Imbalance

Error



86 

Co
nv

er
ge

nc
e 

Cr
ite

ria
) 

M
od

el
 

Co
nv

er
ge

nc
e 

Cr
ite

rio
n 

Se
le

ct
ed

 S
et

tin
g 

Re
as

on
 /

 R
ef

er
en

ce
 

St
ea

dy
-s

ta
te

 

Gl
ob

al
 G

oa
ls

 S
ta

bi
lit

y 
Ve

rs
te

eg
 

& 
M

al
al

as
ek

er
a,

 

Re
sid

ua
ls

 
Re

sid
ua

ls
) 

CF
D 

St
ea

dy
 (F

er
zig

er
, 

M
as

s 
an

d 
En

er
gy

 

Ba
la

nc
e 

In
cr

op
er

a 
& 

De
W

itt
, 

Tr
an

sie
nt

 

Gl
ob

al
 G

oa
ls

 S
ta

bi
lit

y 
tim

e 
st

ep
) 

Ve
rs

te
eg

 &
 M

al
al

as
ek

er
a,

 

Re
sid

ua
ls

 
Re

sid
ua

ls
) 

Ti
m

e 
st

ep
 

CF
D 

tra
ns

ie
nt

 

Fe
rz

ige
re

t a
l.,

 

M
as

s 
an

d 
En

er
gy

 

Ba
la

nc
e 

Ti
m

e 
st

ep
 

In
cr

op
er

a 
& 

De
W

itt
, 

CF
L 

Nu
m

be
r 

Co
ur

an
t

Fr
ie

dr
ich

s
Le

w
y 

(A
nd

er
so

n,
 



87 

Post-Processing 

Post-processing 

Computational Fluid 

Dynamics: CFD) 

CFD SOLIDWORKS Flow 

Simulation ANSYS Fluent 

SOLIDWORKS Flow Simulation CAD-Embedded 

CFD 

CAD 

ANSYS Fluent CFD 

ANSYS Fluent 

Ferziger et al., 
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Heat Transfer Coefficient

Pressure drop

Reynold number ,

SOLIDWORKS Flow Simulation

ANSYS 

Fluent 

Pre-processing 

Pre-processing 

SOLIDWORKS Flow Simulation 

Create the Geometry)

CAD model SOLIDWORKS

SOLIDWORKS Flow Simulation 

SpaceClaim

ANSYS Workbench 
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ANSYS 

Fluid Domain Definition)
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Boundary Condition)

SOLIDWORKS Flow Simulation Boundary conditions Initial 

conditions 

Inlet Reynold number 10,000 

(Re ) / ( ) 2.20 /D m s

301.15 K 

Outlet Pressure outlet (Gauge pressure =  Pa) 

- Volumetric Heat Generation

m2 1,000 W Heat flux 

35,367.77 W/m2

Wall  No-slip condition 

Initial conditions %

Mesh Generation) ANSYS 

Meshing Fluent Meshing SOLIDWORKS Flow Simulation

Hybrid Mesh ( Hexahedral 

Tetrahedral cells) Inflation layers 

Boundary layer 
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ANSYS 

Material Properties Assignment

SOLIDWORKS Simulation SOLIDWORKS 

Wizard Fluent Solid Fluid 

Polynomial 

Interpolate Polynomial 

SOLIDWORKS 

Simulation Kelvin 

y = a a a x a x

Thermal conductivity, W/m K) 

Polynomial E- E- x T - E- x T

Density, kg/m Polynomial 

E- x T + E- x T  

Specific heat capacity, J/kg K) 

Polynomial , E- x T + E- x T

Viscosity Pa.s  Polynomial E-

E- x T - E- x T
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Mesh Quality Check) Skewness 

Orthogonal quality 

0.1 % 

Processing/Solving 

SOLIDWORKS Flow Simulation 

Solver Selection)

Pressure-Based Solver Incompressible 

Compressible Mach number Reynold number Versteeg & 

Malalasekera, ; ANSYS, 

Formulation) Steady-state 

Transient 

 (Physical Models

Turbulent model 

Realizable k

Standard k

Near wall treatment Enhanced wall 

Heat transfer ANSYS, 

Energy model 

 (Discretization Schemes

Pressure Second Order scheme 

Momentum, Energy, Turbulence Second Order Upwind 

Gradient Least Squares Cell Based Gradient field 
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 (Solution Controls  

Steady-state Under-Relaxation Factors (URFs) 

Pressure , Momentum , Energy 

 Transient  Time Step Size CFL condition (Courant

Friedrichs Lewy number) Ferziger et 

al., 

Convergence Criteria

 Residuals Residual target) 

Momentum, Turbulence Energy 

- Monitors

- Steady-State Residuals Monitor points) 

- Transient Time step 

Initialization Hybrid 

Initialization Field variables 

Post-Processing 

Post-processing ANSYS Fluent 

Boundary Layer) 

SOLIDWORKS Flow Simulation 

Post-processing 
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Iterative Modeling)

Geometry) 

Simulation Settings) 

Finned-tube heat 

transfer device) 

( )t ( )Q

( )P

( )Nu ( )f

(Thermal 

Enhancement Factor TEF) 

Incropera et al., 

Minitab 

Design of Experiments: 

DOE) Response Surface Methodology: RSM) 

(Montgomery, 

Multiple Polynomial Regression Quadratic 

model RSM , Curvature) 

Myers et al., 

2 2
0 1 2 11 22 12( , ) ( )f f f fy T N T N T N T N
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y

T

fN

Ordinary Least Squares (OLS) 

Montgomery, Peck, & Vining, 2021)

Minitab

fN = , 

Minitab , , , ,t Q P Nu f TEF ) 

fN = 

fN = , T = , , 

, 

Minitab

Factors) T fN

Responses) , , , ,t Q P Nu f TEF

3 Quadratic Model) Analyze 

Response Surface Quadratic polynomial model)

4 Minitab 

Normal Probability Plot: Residuals

Histogram of Residuals:

Residuals versus Fits/Order:

Homoscedasticity) 
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5 Prediction Grid)

( , )fy T N Responses 

{50,60,70,80,90},T {3,4,5,6,7,8}fN

fN 3 8 

4,6,7fN ) 

6

R2, Adjusted R2, Root Mean Square Error (RMSE) 

) p-value)

z-

score standardization) Weighted sum under MCDM)

z-score

z-score

(Montgomery et al., 2021)

( , )
( , ) r f r

r f r
r

Y T N
z T N s

r

r response r

rs , ,TEF Q Nu

, ,t P f )

3. .4 MCDM Weighted Sum Model)

z-score Responses ( , fT N ) 

Overall score) Weighted Sum Model (WSM) 

MCDM (Triantaphyllou, 2000)

1

( , ) ( , )
R

f r r f
r

Score T N w z T N
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rw Response r

1
1

R

rr
w

( , )fScore T N

Score T fN



, , , , , , 

SolidWorks Flow 

Simulation 

SolidWorks 

Flow Simulation ANSYS Fluent 

Minitab

Multiple Polynomial Regression: Quadratic Model)
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Mean), SD), Variance), 

SE) CI)
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,

kWh , ,

kWh 

, , , ,

, kWh 

, kWh 

, 

kWh 

, kWh 

 Variance, SE CI 
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Incropera et al., ; 

Montgomery, 

,

kWh , ,

kWh 

, kWh 

, 

kWh , , , ,

, 

kWh 

, kWh 

Variance, SE CI 

 (Gao, Feng, Tang, & 

Hrnjak., 

,

kWh kWh %

,

kWh kWh 

SD, SE CI 
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Vivid Metrawatt, ; Canroon, 

 (Gao et al., 

Montgomery, 
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8,000 10,000 

12,000 
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Variance, SE 

95%CI 

,

, ,

, 

, 

, 

, 

Variance, SE CI 

Canroon, ; Vivid Metrawatt, 

,

% ,

SD, SE, CI)
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Vivid 

Metrawatt, ; Canroon, 

Incropera et al., ; Gao et al., 

Montgomery, 
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Metric Weight Direction 

Nu/Nu0 0.15 Higher is better 

f/f0 0.25 Lower is better 

TEF 0.1 Higher is better 

Ease_Maint 0.25 Higher is better 

LCC 0.25 Higher is better 

Outlet fluid 
Weight_T 

50 0.10 

60 0.15 

70 0.20 

80 0.25 

90 0.30 

Re Weight_Re 

8,000 0.30 

10,000 0.40 

12,000 0.30 

Model Ease_Maint LCC 

Hollow 0.85 0.85 

Fin 0.95 0.92 

Baffles 0.70 0.75 

Twisted plates 0.65 0.70 
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Outlet fluid 
Re 

Weight_Re 
Weight_norm 

50 

8,000 0.030 0.030 

10,000 0.040 0.040 

12,000 0.030 0.030 

60 

8,000 0.045 0.045 

10,000 0.060 0.060 

12,000 0.045 0.045 

70 

8,000 0.060 0.060 

10,000 0.080 0.080 

12,000 0.060 0.060 

80 

8,000 0.075 0.075 

10,000 0.100 0.100 

12,000 0.075 0.075 

90 

8,000 0.090 0.090 

10,000 0.120 0.120 

12,000 0.090 0.090 
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Model Overall Weighted Score Rank 

Hollow 0.87717 2 

Fin 0.87912 1 

Baffles 0.68798 4 

Twisted plates 0.74716 3 
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352 

Weight_TEF Weight_Q Weight_t Weight_dp 

0.33 0.33 0.17 0.17 

Nf z_TEF z_Q z_t z_dp score Rank 

50 

3 1.65959 1.97020 0.70038 -1.50639 1.06081 1 

4 0.82394 0.37941 -0.57306 -0.86919 0.15192 2 

5 0.11715 -0.60934 -1.10154 -0.25797 -0.39354 4

6 -0.46078 -0.99607 -0.88504 0.32726 -0.57558 6

7 -0.90985 -0.78077 0.07642 0.88651 -0.39420 5

8 -1.23005 0.03656 1.78285 1.41977 0.15060 3 

60 

3 1.66485 1.91286 1.95755 -1.50418 1.25772 1 

4 0.82196 0.65894 0.58647 -0.86969 0.44055 2 

5 0.11178 -0.22840 -0.34357 -0.25982 -0.14106 3

6 -0.46568 -0.74915 -0.83256 0.32544 -0.48711 5

7 -0.91043 -0.90333 -0.88050 0.88610 -0.59759 6

8 -1.22247 -0.69092 -0.48740 1.42214 -0.47251 4

70 

3 1.67039 1.81044 1.77907 -1.50218 1.19574 1 

4 0.81983 0.74929 0.76857 -0.87015 0.50054 2 

5 0.10608 -0.05913 -0.01778 -0.26148 -0.03198 3

6 -0.47088 -0.61482 -0.57997 0.32381 -0.40183 4

7 -0.91103 -0.91778 -0.91801 0.88573 -0.60899 5

8 -1.21439 -0.96801 -1.03188 1.42427 -0.65348 6 



353 
 

 Nf z_TEF z_Q z_t z_dp score Rank 

80 

3 1.67622 1.74007 1.68444 -1.50038 1.15867 1 

4 0.81755 0.78934 0.81426 -0.87055 0.52070 2 

5 0.10001 0.02964 0.09138 -0.26298 0.01361 3 

6 -0.47638 -0.53904 -0.48419 0.32233 -0.36261 4 

7 -0.91164 -0.91669 -0.91246 0.88539 -0.60795 5 

8 -1.20576 -1.10332 -1.19342 1.42619 -0.72242 6 

90 

3 1.68239 1.69203 1.63237 -1.49873 1.13628 1 

4 0.81509 0.81114 0.83367 -0.87092 0.53032 2 

5 0.09355 0.08330 0.14429 -0.26435 0.03795 3 

6 -0.48224 -0.49147 -0.43578 0.32099 -0.34084 4 

7 -0.91226 -0.91318 -0.90655 0.88508 -0.60604 5 

8 -1.19653 -1.18182 -1.26800 1.42794 -0.75767 6 

 

Nf Mean_score Overall_rank 

3 1.16184 1 

4 0.42881 2 

5 -0.10300 3 

6 -0.43359 4 

7 -0.56296 6 

8 -0.49110 5 
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Weight_TEF Weight_Q Weight_t Weight_dp 

0. 0. 0. 0.1

Nf z_TEF z_Q z_t z_dp score Rank 

50 

3 1.65959 1.97020 0.70038 -1.50639 1.14582 1 

4 0.82394 0.37941 -0.57306 -0.86919 0.22290 2 

5 0.11715 -0.60934 -1.10154 -0.25797 -0.35158 4

6 -0.46078 -0.99607 -0.88504 0.32726 -0.57761 6

7 -0.90985 -0.78077 0.07642 0.88651 -0.45520 5

8 -1.23005 0.03656 1.78285 1.41977 0.01567 3 

60 

3 1.66485 1.91286 1.95755 -1.50418 1.38525 1 

4 0.82196 0.65894 0.58647 -0.86969 0.52384 2 

5 0.11178 -0.22840 -0.34357 -0.25982 -0.10708 3

6 -0.46568 -0.74915 -0.83256 0.32544 -0.50753 4

7 -0.91043 -0.90333 -0.88050 0.88610 -0.67750 6

8 -1.22247 -0.69092 -0.48740 1.42214 -0.61698 5

70 

3 1.67039 1.81044 1.77907 -1.50218 1.32636 1 

4 0.81983 0.74929 0.76857 -0.87015 0.58195 2 

5 0.10608 -0.05913 -0.01778 -0.26148 -0.00205 3

6 -0.47088 -0.61482 -0.57997 0.32381 -0.42567 4

7 -0.91103 -0.91778 -0.91801 0.88573 -0.68889 5

8 -1.21439 -0.96801 -1.03188 1.42427 -0.79171 6 
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Nf z_TEF z_Q z_t z_dp score Rank 

80 

3 1.67622 1.74007 1.68444 -1.50038 1.29236 1 

4 0.81755 0.78934 0.81426 -0.87055 0.60015 2 

5 0.10001 0.02964 0.09138 -0.26298 0.03939 3 

6 -0.47638 -0.53904 -0.48419 0.32233 -0.38992 4

7 -0.91164 -0.91669 -0.91246 0.88539 -0.68778 5

8 -1.20576 -1.10332 -1.19342 1.42619 -0.85420 6

90 

3 1.68239 1.69203 1.63237 -1.49873 1.27256 1 

4 0.81509 0.81114 0.83367 -0.87092 0.60846 2 

5 0.09355 0.08330 0.14429 -0.26435 0.06067 3 

6 -0.48224 -0.49147 -0.43578 0.32099 -0.37082 4

7 -0.91226 -0.91318 -0.90655 0.88508 -0.68600 5

8 -1.19653 -1.18182 -1.26800 1.42794 -0.88487 6 

Nf Mean_score Overall_rank 

3 1.28447 1 

4 0.50746 2 

5 -0.07213 3 

6 -0.45431 4 

7 -0.63907 6 

8 -0.62642 5 
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Weight_TEF Weight_Q Weight_t Weight_dp 

0. 0. 0. 0.

Nf z_TEF z_Q z_t z_dp score Rank 

50 

3 1.65959 1.97020 0.70038 -1.50639 1.32361 1 

4 0.82394 0.37941 -0.57306 -0.86919 0.30113 2 

5 0.11715 -0.60934 -1.10154 -0.25797 -0.35158 4

6 -0.46078 -0.99607 -0.88504 0.32726 -0.63450 6

7 -0.90985 -0.78077 0.07642 0.88651 -0.54765 5

8 -1.23005 0.03656 1.78285 1.41977 -0.09101 3

60 

3 1.66485 1.91286 1.95755 -1.50418 1.62918 1 

4 0.82196 0.65894 0.58647 -0.86969 0.64590 2 

5 0.11178 -0.22840 -0.34357 -0.25982 -0.08867 3

6 -0.46568 -0.74915 -0.83256 0.32544 -0.57454 4

7 -0.91043 -0.90333 -0.88050 0.88610 -0.81170 6

8 -1.22247 -0.69092 -0.48740 1.42214 -0.80016 5

70 

3 1.67039 1.81044 1.77907 -1.50218 1.56694 1 

4 0.81983 0.74929 0.76857 -0.87015 0.70841 2 

5 0.10608 -0.05913 -0.01778 -0.26148 0.02369 3 

6 -0.47088 -0.61482 -0.57997 0.32381 -0.48720 4

7 -0.91103 -0.91778 -0.91801 0.88573 -0.82429 5

8 -1.21439 -0.96801 -1.03188 1.42427 -0.98755 6 



357 
 

 Nf z_TEF z_Q z_t z_dp score Rank 

80 

3 1.67622 1.74007 1.68444 -1.50038 1.53222 1 

4 0.81755 0.78934 0.81426 -0.87055 0.72668 2 

5 0.10001 0.02964 0.09138 -0.26298 0.06563 3 

6 -0.47638 -0.53904 -0.48419 0.32233 -0.45093 4 

7 -0.91164 -0.91669 -0.91246 0.88539 -0.82301 5 

8 -1.20576 -1.10332 -1.19342 1.42619 -1.05059 6 

90 

3 1.68239 1.69203 1.63237 -1.49873 1.51276 1 

4 0.81509 0.81114 0.83367 -0.87092 0.73464 2 

5 0.09355 0.08330 0.14429 -0.26435 0.08629 3 

6 -0.48224 -0.49147 -0.43578 0.32099 -0.43231 4 

7 -0.91226 -0.91318 -0.90655 0.88508 -0.82115 5 

8 -1.19653 -1.18182 -1.26800 1.42794 -1.08023 6 

 

Nf Mean_score Overall_rank 

3 1.51294 1 

4 0.62335 2 

5 -0.05293 3 

6 -0.51590 4 

7 -0.76556 6 

8 -0.80191 5 
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