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1. Products

Classification

Contents and Descriptions

Y

@ Grid Generation Code

. = Using finite difference method

= Structured(including block structured) grid

= Unstructured(including tetrahedral element) grid
= Moving Grid

= Adaptive grid

@ Heat and Fluid Flow Analysis Solver Code

= Combined finite volume with element method

. = General coordinate system(body fitted)

= Using iteration method(TDMA matrix solver)
= Central differencing scheme for 2" order partial derivatives
= 2" order upwind and QUICK(Quadratic Upstream Interpolation for

Convective Kinematics) scheme for 15t order partial derivatives

@ Stress Analysis Solver Code(including thermal stress)

= Combined finite difference with element method

" = General coordinate system(body fitted)

= Using iteration method(TDMA matrix solver)

= Central differencing scheme for 2"¥ order partial derivatives
= Central differencing scheme combined with element integration for

2" order mixed partial derivatives

@ Design and Process Optimization Code

. = Combined gFlow™, hFlow™, sFlow™ with optimization algorithms

\, . |= Using ADS(Automated Design Synthesis) optimization code

= Finding single or multi objective value by minimizing error function
= Solving stochastic optimization problem by using the weighted sum

approach method
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1.1 gFlow™

Classification Basic Equations and Descriptions
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Case Analysis
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1.2 hFlow™
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Classification Basic Equations and Descriptions
op O
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Momentum Eqn.
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Case Analysis

B CheckValve

E BallGlobe Valve
® Flow Meter

o Control Valve

CP-102

Y 7 ..CcP-103

CP-101

BP-101 QilPump Return

Qil Pump Supply
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1.3 sFlow™
Classification Basic Equations and Descriptions
2 2 2
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Case Analysis
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1.4 aFlow™

Classification Basic Equations and Descriptions
Minimize f(x)

FOO=wa f1 () +w2 2 (X)K +Wm fm (X)

Single Objective Subjectto g j (x)<O, j=12,K,J
Function i (X)=0, K=12K K
xi(L) < X; < xi(u), i=12K,N
Minimize  (f1(x), f2 () K, fm (X))
Subjectto g j (x)<0, j=1,2K,J
Multi-Obiecti hk (x)=0, k=1,2,K,K
ulti-Objective
Function XI(L) SX < Xi(U), i=12K,N

FeasibleSolution fia < fib foralli=12,K ,M

fia < fib for at least one i e {1,M}

Minimize  _{uym(¥)5ym() m=12,K ,M
subjectto g j (uyj (X),0yj (x) <0, j=12.K,J
Stochastic hk (x)=0, k=1,2K,K
Optimization L .
- x.()+na.£x.3x.(u)—na., i=12K,N
Problem I X1 Xl
Constraints ”y - nay > Lower Limit
+no. >Upper Limit
#y y pp
@ One dimensional search
@ Fletcher-Reeves algorithm for unconstrained minimization
Lo = Davidon-Fletcher-Powell variable metric method for unconstrained
Optimizing S
. minimization
Algorithms . .
= Broydon-Fletcher-Goldfarb-Shanno variable metric method for
unconstrained minimization
@ Method of Feasible Direction for constrained minimization
1 o
'y a0
. Bag Filter
Case Analysis Wateria |
Inlet 1 it L, 8
<Gradient ) P [ Outlet .
Free P <Pressure =
Boundary Inlet Duct . 4 Boundary Pulley Room "3 zone

Condition>  <Fluid CO,> i Condition> Interface
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2. Case Analysis

Classification

Simulation Case

Grid

<

Generation
" ventilation
W CheckValve P l{"‘
B Ball/Globe Valve h.\x
H Flow Meter Guide Vane
[ Control Valve Rib
Heat and ez
- CP-103
Fluid Flow A
~ N
cP-101 -~ -
BP-101 OilPump Return

Qil Pump Supply

Fluid Flow Heat and Fluid Flow

o . . -
Optimization | et
<Gradien
Free
Boundary
Condition>

Thermal
Stress
Fatigue Failure Thermal Stress
A Quet DUt
Bag Filter
<Porous ™
DeSig n Material>

4
In/let Duct
<Fluid CO,>

<Pressure
Boundary
Condition>|

Interface

Design Optimization Process Optimization
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2.1 Grid Generation

Ladle Metallurgical Furnace Cover

Temperature °C
Design Temperature °C
Heat Transfer Coef._1 W/m2K
Heat Transfer Coef. 2 W/m2K

Density kg/m?3

Specific Heat J/kgK

Thermal Conductivity W/mK

Vision Inspection Module

E( Pressure Oifiet I:E’Pressgre Outlet Design Condition °C
'5°"’h§!ma""*‘z- 22 wgﬁ)umt Density_1 kg/m?3
Viscosity_1 kg/ms

& Pressure Drop Pa

Pressure

Heat Source_1 °C

Heat Source_2 °C

Pressure Outle Initial Condition °C
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2.2 Fluid Flow Analysis

Chemical Plant Plumbing Fixture

. Flow Rate_1 m3/hr
B Check Valve Ej
E BallGlobe Valve Pressure Drop_T1 Pa
B Flow Meter
& Control Valve Pressure Drop_2 Pa
Density kg/m3
CP-102 . .
Viscosity kg/ms
7.1 7 _cPa03 .
. < Valve Friction Factor_1 -
CP-101 < ~ s e
BP-101 oilpumpRetum  Valve Friction Factor_2 -
QIIPumpSUPPY  \/alve Friction Factor_3 -

Pressure Distribution in Path 1

Pressure Distribution in Path 2

(A)Check Valve
(B)Ball/iGlobe Valve
(C)Flow Meter

(D)C ontrol Valve

(I) Oil Pump Return
(J) Oil Pump Supply

Gage @
Pressure (Pa)

// (A)Check Valve
(B)Ball/Globe Valve

(C)Flow Meter

(D)Control Valve

(E)CP-101 H (E)CP-101
(F)CP-102 (F)CP-102
(G)CP-103 = (G)CP-103
(H)BP-101 — | (H)BP-101

() OilPump Return
(J) Qil Pump Supply

Gage
Pressure (Pa)

Velocity Distribution in Path 2

(1) Oil Pump Return
(J) Oil Pump Supply

®

Velocity Distribution in Path 1

(I) OilPump Return
(J) Oil Pump Supply

N
7/

. A
; © rd
\5“* o w,“//|,,

2

A A)Check Valve A)Check Valve

) (A) (A)

@ &) (B)BalliGlobe Valve e (B)BalliGlobe Valve
| (C)Flow Meter : (C)Flow Meter "
| (D)Control Valve Velomty (mls) (D)Control Valve VeIOCIty (mls)
| (E)CP-101 (E)CP-101
| (F)CP-102 H (F)CP-102
| (G)CP-103 = (G)CP-103 =

(H)BP-101 = (H)BP-101 L

Turbulent Kinetic Energy in Condition 1 Turbulent Kinetic Energy in Condition 2

(A)Check Valve
w (B)Ball/Globe Valve
(C)Flow Meter

(A)Check Valve
n (B)Ball/Globe Valve
(C)Flow Meter

Turblent
Kinetic
Energy (J/kg)

Turblent &
Kinetic
Energy (J/kg)

(D)C ontrol Valve
(E)CP-101
(F)CP-102
(G)CP-103 =
(H)BP-101 =
(1) Oil Pump Return

(J) Qil Pump Supply

(D)Control Valve
(E)CP-101
(F)CP-102
(G)CP-103 =
(H)BP-101 —
(1) Oil Pump Return

(J) Qil Pump Supply

®
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2.3 Heat and Fluid Flow Analysis

Flat Plate Type Heat Exchanger

Flow Rate m3/hr

Density_1 kg/m?

R e vane Specific Heat_1 J/kgK
Thermal Conductivity_1 w/mK

Viscosity kg/ms

Density_2 kg/m?3

Specific Heat_2 J/kgK

Thermal Conductivity_2 w/mK

Pressure Distribution in Path 2

Velocity Distribution in Path 1 Velocity Distribution in Path 2

Velocity(m/s) Velocity(m/s)

Temperature Distribution in Path 1 Temperature Distribution in Path 2

Temperature(°C) Temperature(°C)

————
-
-
-
-

|
|
|
|
|
|

-

-
-

- )

|

|

|

|
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2.4 Fatigue Failure and Life Analysis

Ladle Metallurgical Furnace Cover

Specific Heat J/kgK
Thermal Conductivity W/mK
Thermal Expansion Rate 1/K
Young's Modulus GPa
Poisson’s Ratio -
Allowable Yield Stress MPa
Fatigue Strength Coef. MPa

Fatigue Strength Expo. -

Temperature Distribution at Upper Side

bl,,

Temperature(°C)

Temp. Fluctuation in Progress of Time

500

B
[=}
o

w
o
o

[

o

o
T

Temperature(°C)

-

o

o
T

0 30

80 . 120 160 200 240
Time(hr)

Thermal Stress Distribution at Upper Side

Principal stress(Pa)
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2.5 Thermal Stress Analysis

Thermal Engineering & Material Processings Group / CFD Solution Group

Chemical Plant Concentric Pipe

]:_. Conv. Heat Transfer Coef. W/m?K
Density kg/m3
Specific Heat J/kgK
Thermal Conductivity W/mK
Thermal Expansion Rate 1/K
Young's Modulus GPa
Poisson’s Ratio -
Allowable Yield Stress MPa

Displacement Due to Thermal Expansion

=

Displacement Due to Thermal Expansion

Principal Stress and Displacement Due to Thermal Expansion

= B
5 COMOTE s

5,=0.28X10°Pa o 017X10°Pa 5,=0.01X10°Pa
5,20.64X10°Pa " 520 7mm 5,=0.17X10°Pa
o-Z_=0.46X10 Pa B =-0.59mm gxr_-2061mm

o l- 5/=1 2mm

/=3 2mm e

.=

: 6,=1.2X10°Pa

5,=0.007X10"Pa

5,=0.29X10°Pa 0,=0.4X10°Pa

X P
0,=0.64X10°Pa =8mm
5,=0.15X10°Pa ot

=-2mm ,=4. mm

X
9,=-4.5mm
8,=1mm

= 8 6,=0.24X10°Pa
S e .=0.11X10°Pa

'=0. 5 ’=0.16X10°Pa

6,=0.47X10°Pa 6,=0.
6)(: 8mm 6X:17mm
9,=-3.7mm 9,=-0.1mm
52=3 3mm 67_:1 .2mm
6,=0.4X10°Pa 5,=0.52X10°Pa
5,=0.6X10°Pa 5,=0.26X10°Pa
0,=0.3X10°Pa 5,=0.13X10°Pa
8,=2.8mm 8,=3.6mm
3,=-4.4mm 9,=-1.8mm
8,=2.1mm 8,=0.9mm
6,=0.17X10°Pa _ 6
5,=027X10°%Pa i e
,=0.02X10°Pa B ot
5.=1.2mm o el a
X & =2.8mm
év-—-1.9mm 51 Erar
8,=0.2mm 5'=0.16mm

N
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2.6 Mass Transfer Analysis

Flame Propagation

Stage Return

Nozzle Diffuser

Flow Rate m3/hr
Density_1 kg/m?
Specific Heat_1 J/kgK
Thermal Conductivity_1 w/mK
Viscosity kg/ms
Density_2 kg/m?3
Specific Heat_2 J/kgK
Thermal Conductivity_2 w/mK

CO Concentration Distribution at ** sec.

CO Concentration Distribution at ** sec.

65 °C Iso-thermal surface

CO(ppm)
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2.7 Fire Emission and Evacuation

! ol Al &2 o] St Al E o] M

Temperature
(°c

HI

i

co
(ppm)

Temperature
vy (°c)

i

Ik

: Temperature
4 rc

HI

i

mY oY
Hm

i}

. CO 7t~ &%(1400ppm)2| &
=0|0f| ==t m =HehE o

ZtH S

—/

o83

FXi Al =2l o] 4

n| 7S Al ZHASET)
H7|5(65°C)

CO 5= 1400ppm
000 2}xj

0% 00% obH
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2.8 Design Optimization

Bag Filter Duct Fixture Optimization(Uniform Flow Rate)

Design Condition m/s
| 4 Outlet Duct Densit kg/m?3
/l‘\ / _ <Fluid CO,> y 9
b/ Viscosity kg/ms
Bag Filter
<Porous Pressure Drop Pa
Material> | -
Inlet duct Pressure Pa
— Outlet duct Pressure Pa
nie ) 8 I
<Gradient 7 Qutlet : .
Free F <Pressure Bag Filter Porosity B
Boundary Inlet Duct - ad Boundary
Condition>  <Fluid CO,> Condiion> [ Bag filter Permeability -

Velocity Distribution in Design 1 Velocity Distribution in Design 2

Velocity (m/s) Velocity (m/s)

Temp. Distribution in Duct Design 3
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2.9 Process Optimization 1

Chemical Film Making Process Optimization

Pulley Room * - >3 Zone
Interface

Flow Rate m3/hr
Density_1 kg/m?
Specific Heat_1 J/kgK
Thermal Conductivity_1 w/mK
Viscosity kg/ms
Density_2 kg/m?3
Specific Heat_2 J/kgK
Thermal Conductivity_2 w/mK

Velocity Distribution in West

Velocity Distribution in Middle

Turbulence Intensity in East
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2.10 Process Optimization 2

HRSG(Heat Recovery Steam Generators) Plant

From Feed Flow Rate m3/hr
ToHP Water Pump X
Steam Drum I Density_1 kg/m?
i
| Specific Heat_1 J/kgK
Thermal Conductivity_1 w/mK
Gas Flow
T~ ——— Viscosity kg/ms
Density_2 kg/m?3
Econ. #2 EHC?"- #1 Specific Heat_2 J/kgK
b, Thermal Conductivity_2 w/mK
Calculation Domain Velocity Distribution in Drum
Velocity (m/s)
e L [T
= \ 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
7 Jéxhaust
. gas flow
Exhaust ey —— 1
gas flow | { it e
— [ { il | i !
Sl " PRHTR1

PRHTR2

LPEVAP

Velocity Distribution in Fin Tube

Temperature Distribution in Fin Tube

Inlet L}Gas Flow

Velocity

=
Outlet

Inlet . }Gas Flow
2450 . e

Temperature[® 10 ]
(°C) F 42300 |
42225 ¢
42150
42075
42000
41925

41850
41775

Siiet - lGas Flow

Particle Trackings in Fin Tube Bundle

Velocity (m/s)
=== 40.00
. 36.00
32.00
28.00
24.00
20.00
16.00
12.00
8.00
4.00
0.00

Temperature Distribution in Tube Bundle

“—Temperature(°C)
. I | _ 47‘"‘ 200.00
: 183.00
i 166.00
149.00
132.00
115.00
98.00
81.00
64.00
47.00
30.00
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3. CONTACT US

Phone:

82-2-313-9838
Mobile:
82-10-2204-2220
Email:
ask4hflow@gmail.com
Web Site:

Https://yyyoonjung.wixsite.com/hflow
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