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Air-Cooled Heat Exchanger Specification Sheet

1§ Company:
2} Location:
3§ Service of Unit: Our Reference:
4] Item No.: Your Reference:
5f Date: Rev No.: Job No.:
6] Size & Type 1762 / 2159.45 Type Induced Number of Bays 2
7} Surf/Unit-Finned Tube 853.55 m2 Barc Tube 79.17 m2
8} Hecat exchanged 40206 W MTD, Eff 4.28 C
9| Transfer rate 11 Bare, Service 118.7 Clean 121 W/(m2*K)
10 PERFORMANCE DATA - TUBE SIDE
1] Fluid Circulated In/Out
12§ Total Fluid Entering kg/s 4 Density, Liq kg/m3 /
13 In/Out Density, Vap kg/m3 1.09 / 1.12
14] Temperature C 50 / 40 Specific Heat, Lig kI/(kg*K) /
15] Liquid kg/s / Specific Heat, Vap kJ/(kg*K) 1.005 / 1.005
16§ Vapor kg/s 4 /4 Therm. Cond, Liq W/(m*K) /
17] Noncondensat kg/s / Therm. Cond, Vap 0.028 / 0.027
18] Steam kg/s / Freeze Point C
19} Water kg/s / Bubble / Dew point /
20} Molecular wt, Vap / Latent heat kl/kg
21} Molecular wt, NC Inlet pressure (absolute) 1.011 bar
22} Viscosity, Liq mPa*s / Pres Drop, Allow/Calc 0.404 / 0.206
23] Viscosity, Vap 0.019 / 0.019 Fouling Resistance m2*K/W
24 PERFORMANCE DATA - AIR SIDE
25] Air Quantity, Total 10.0028 kg/s Altitude m
26} Air Quantity/Fan m3/s Temperaturc In 38 C
27| Static Pressurc 111.05 mmH20 Temperature Out 42 C
28} Face Velocity 4.67 w/s  Bundle velocity  10.3 kg/s/m2 |Design Ambient C
29 DESIGN-MATERIALS-CONSTRUCTION
30] Design pressurc  1.44¢bar Test Pressure Design temperature 83.89 C
31 TUBE BUNDLE Header Tube
32] Size 1762 Type Plug Material Carbon Steel
33] Numbcr/bay 2 Material Welded Welded
34| Tubc Rows 15 Passcs 3 0OD 30 Min Thk. 1.651m
35] Arrangement Mixed or horizontal [Plug Mat. No./Bun 210 Lng 1 m
36| Bundles 1 par2 ser Gasket Mat, Pitch 8.35 [ 59.19  Staggered
37} Bays 2 parl ser Corr. Allow. 3.18 mm Fin
38} Bundle frame Inlet Nozzle 1 254 mm|Type Embedded
39 MISCELLANEOUS Outlet Nozzle 1 254 mm|Material Carbon Steel
401 Struct. Mount. Special Nozzles 0D 62 Tks  0.58 mm
41] Surf.Prep Rating No. 197 #/m Des Temp C
42| Louvers TI PIPIPIPIPT Code '
43} Vibration Switches Chem Cleaning Stamp Specs API1 661
44 MECHANICAL EQUIPMENT -
45| Fan,Mfr., Model Driver, Type Speed Reducer, Type
46] No./Bay | RPM Mfr. Mfr.&Model
471 Dia. 914.4  Blade(s) 4|No./Bay No./Bay
48] Pitch Angle RPM Rating
491 Blade(s) 9144 Hub 457.2}Enclosure Ratio
50] hp/Fan Min Amb V/Phase/Hz Support
51] Control Action on Air Failure- Louvers
52} Degree Control of Qutict Process Temperature
53] Recirculation {Steam Coil .
54§ Plot Arca m2 |Drawing No. IWt.Bundle 3671.4 Wt.Bay 8553 kg
351 Notes:
56
57
58
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. FLUENT User Guide, Vol. 1.2, 2001, Fluent Inc.

. BJAC Manual, Aspen Technology Inc.

. Control of electronic machine ventilation using artificial intelligence,
PHD. thesis , Radek Vlach, Czech 2002.

. E. Serre, P. Bontoux & R. Kotarba, “Numerical Simulation of the
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Layers Instability”, International Journal of Fluid Dynamics (2001) Vol 5
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Summary Report
Version: 3d, segregated, rgke (3d, segregated, RNG k-epsilon(
Release: 6.0.12

Title :
Models
Model Settings
Space 3D
Time Steady
Viscous RNG k-epsilon turbulence model
Wall Treatment Standard Wall Functions

RNG Differential Viscosity Model Disabled
RNG Swirl Dominated Flow Option  Enabled

Heat Transfer Enabled

Solidification and Melting Disabled

Radiation None

Species Transport Disabled

Coupled Dispersed Phase Disabled

Pollutants Disabled

Soot Disabled
Boundary Conditions

Zoncs

name id type

$o



stator.1 2 solid

rotor.1 3 solid
flow.1 4 fluid
rotor_w-shadow 52 wall
stator w-shadow 51 wall
f periodic 6 periodic
periodic.18 8 periodic
periodic.19 10 periodic
periodic.20 12 periodic
periodic.21 14 periodic
periodic.22 16 periodic
periodic.23 18 periodic
periodic.24 20 periodic
periodic.25 22 periodic
periodic.26 24 periodic
periodic.27 26 periodic
periodic.28 28 periodic
periodic.29 30 periodic
periodic.30 32 periodic
periodic.31 34 periddic
periodic.32 . 36 periodic
periodic.33 38 periodic
motor_out 39 outflow
motor_in 40 mass-flow-inlet
shell w 41 wall
stator_ w 42 wall
rotor_ w 43 wall
shaft w 44 wall
side_w 45 wall
fan.1 46 fan

default-interior 48 intetior
shaft_w:OOIl 1 wall

default-interior;047 47 interior

£



default-interior:049

49 interior

Boundary Conditions
stator.1
Condition Value
Material Name copper
Specify source terms? yes
Source Terms ((energy (constant . 160000) (profile (((
Specify fixed values? no

Fixed Values ((temperature (inactive . #f) (constant . 0) (profile (((
Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed

0

X-Origin of Rotation-Axis 0
Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0

Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis |

Fixed Values

rotor.1
Condition Value
Material Name copper
Specify source terms? yes
Source Terms ((energy (constant . 160000) (profile («(
Specify fixed values? no

((temperature (inactive , #f) (constant , 0) (profile (((

134



Motion Type 0

X-Velocity Of Zone 0
Y-Velocity Of Zone 0
Z-Velocity Of Zone 0
Rotation speed 0

X-Origin of Rotation-Axis 0
Y-Origin of Rotation-Axis 0
Z-Origin of Rotation-Axis 0
X-Component of Rotation-Axis 0
Y-Component of Rotation-Axis 0

Z-Component of Rotation-Axis 1

flow.1
Condition Value
Material Name air
Specify source terms? no
Source Terms ((mass (inactive . #f) (constant . 0) (profile )) (x-

momentum (inactive . #f) (constant . 0) (profile )) (y-momentum (inactive . #f) (constant . 0)
(profile )) (z-momentum (inactive . #f) (constant . 0) (profile )) (k (inactive . #{) (constant .
0) (profile )) (epsilon (inactive . #f) (constant . 0) (profile (((

Specify fixed values? no

tA



Local Coordinate System for Fixed Velocities no

Fixed Values ((x-velocity (inactive . #f) (constant . 0) (profile ))
(y-velocity (inactive . #f) (constant . 0) (profile )) (z-velocity (inactive . #f) (constant . 0)

(profile )) (k (inactive . #f) (constant . 0) (profile )) (epsilon (inactive . #f) (constant . 0)

(profile («
Motion Type 0

X-Velocity Of Zone 0

Y-Velocity Of Zone 0

Z-Velocity Of Zone 0

Rotation speed 0

X-Origin of Rotation-Axis 0

Y-Origin of Rotation-Axis 0

Z-Origin of Rotation-Axis 0

X-Component of Rotation-Axis 0
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Y-Component of Rotation-Axis

Z-Component of Rotation-Axis

Laminar zone? no

Porous zone? no

Conical porous zone? no
X-Component of Direction-1 Vector 1
Y-Component of Direction-1 Vector |
Z-Component of Direction-1 Vector 1
X-Compo?ent of Direction-2 Vector 0
Y-Component of Direction-2 Vector 1

Z-Component of Direction-2 Vector 0



X-Coordinate of Point on Cone Axis

Y -Coordinate of Point on Cone Axis

Z-Coordinate of Point on Cone Axis

Half Angle of Cone Relative to its Axis

Direction-1 Viscous Resistance

Direction-2 Viscous Resistance

Direction-3 Viscous Resistance

Direction-1 Inertial Resistance

Direction-2 Inertial Resistance

Direction-3 Inertial Resistance

CO0 Coefficient for Power-Law

o)



C1 Coefficient for Power-Law 0

Porosity 1

Solid Material Name aluminum

rotor_ w-shadow

Conditionl Value

Wall Thickness 0

Heat Generation Rate 0
Material Name copper
Thermal BC Type 3
Temperature 300

Heat Flux 0
Convective Heat Transfer Coefficient 0
Free Stream Temperature 300
Enable shell conduction? no
Wall Motion 1

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? no
Apply a rotational velocity to this wall? yes
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? ' no
X-Component of Wall Translation 0
Y-Compoﬁent of Wall Translation 0
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Z-Component of Wall Translation 0
External Emissivity 1

External Radiation Temperature 300
Wall Roughness Height 0

Wall Roughness Constant 0.5
Rotation Speed 100
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

Surface tension gradient 0
stator_w-shadow

Condition Value

Wall Thickness 0

Heat Generation Rate 0
Material Name aluminum
Thermal BC Type 3
Temperature 300

Heat Flux 0
Convective Heat Transfer Coefficient 0
Frce Strcam Temperature 300
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent ccll zone?  yes

Apply a rotational vclocity to this wall? no

oY



Velocity Magnitude 0

X-Component of Wall Translation 1
Y-Component of Wall Translation . 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
External Emissivity 1
External Radiation Temperature 300
Wall Roughness Height 0
Wall Roughness Constant 0.5
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0

X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction

Z-Component of Rotation-Axis Direction

X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0
Surface tension gradient 0

f periodic
Condition Value

Rotationally Periodic? yes

periodic.18

Condition Value

ot



Rotationally Periodic? yes

periodic.19

Condition Value

Rotationally Periodic? yes

periodic.20

4

Condition Value

Rotationaﬁy Periodic? yes
periodic.21

Condition Value

Rotationally Periodic? yes

periodic.22

Condition: Value

Rotationally Periodic? yes

periodic.23

Condition Value

Rotationally Periodic? yes

periodic.24
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Condition Value

Rotationally Periodic? yes

periodic.25

Condition Value

Rotationally Periodic? yes

periodic.26

Condition Value

Rotationally Periodic? yes
periodic.27

Condition Value

Rotationally Periodic? yés
periodic.28

Condition Value

Rotationally Periodic? yes

periodic.29

Condition Value

Rotationally Periodic? yes

Ch



periodic.30

Condition Value

Rotationally Periodic? yes

periodic.31

Condition Value

Rotationally Periodic? yes

periodic.32

Condition Value

Rotationally Periodic? yes
periodic.33

Condition Value

Rotationally Periodic? yes

motor_out

Condition Value

Flow rate weighting 1

motor_in

Condition Value

oy



Mass Flow Specification Method 0

Mass Flow-Rate 0.30000001
Mass Flux 1 .
Average Mass Flux 1

Upstream Torque Integral 1

Total Temperature 310

Supersonic/Initial Gauge Pressure 0
Direction Specification Method 1
Coordinate System 0
X-Component of Flow Direction 1
Y-Component of Flow Direction
Z-Component of Flow Direction
X-Component of Axis Direction 1
Y-Component of Axis Direction 0
Z-Component of Axis Direction 0
X-Coordinate of Axis Origin 0
Y-Coordinate of Axis Origin 0
Z-Coordinate of Axis Origin 0
Turbulence Specification Method 3
Turb. Kinetic Energy 1

Turb. Dissipation Rate l
Turbulence Intensity 0.099999994
Turbulence Length Scale 1
Hydraulic Diameter 1
Turbulenthiscosity Ratio 10

shell w

Condition Value

Wall Thickness 0
Hcat Gencration Ratce 0

Material Name aluminum

Thermal BC Type ]

oA



Temperature 300

Heat Flux 0

Convective Heat Transfer Coefficient 0
Free Stream Temperature 300
Enable shell conduction? no

Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
External Emissivity 1

External Radiation Temperature 300
Wall Roughness Height 0

Wall Roughness Constant 0.5
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

Surface tension gradient 0

stator_w
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Condition Value

Wall Thickness 0

Heat Generation Rate 0
Material Name aluminum
Thermal BC Type 3
Temperature 300

Heat Flux 0
Convective Heat Transfer Coefficient 0
Free Stream Temperature 300
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? 1no
Velocity Magnitude 0
X-Component of Wall Translation |
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y -Component of Wall Translation 0
Z-Component of Wall Translation 0
External Emissivity 1
External Radiation Temperature 300
Wall Roughness Height 0
Wall Roughness Constant 0.5
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0

Y-Component of Rotation-Axis Direction 0



Z-Component of Rotation-Axis Direction l
X-component of shear stress 0
Y-component of shear stress "0
Z-component of shear stress 0

Surface tension gradient 0
rotor w

Condition Value

Wall Thickness 0

Heat Generation Rate 0
Material Name copper
Thermal BC Type 3
Temperature 300

Heat Flux 0
Convective Heat Transfer Coefficient 0
Free Stream Temperature 300
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation \
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
External Emissivity l
External Radiation Temperature 300

Wall Roughness Height 0

T



Wall Roughness Constant 0.5
Rotation Speed 0
X-Position of Rotation-Axis Origin )
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction 1
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

Surface tension gradient 0
shaft w

Condition Value

Wall Thickness 0

Heat Generation Rate 0
Material Name steel
Thermal BC Type | 1
Temperature 300

Heat Flux 0
Convective Heat Transfer Coefficient 0
Free Stream Temperature 300
Enable shell conduction? no
Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
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Define wall velocity components? no

X-Component of Wall Translation 0
Y-Component of Wall Translation ‘ 0
Z-Component of Wall Translation 0
External Emissivity 1
External Radiation Temperature 300
Wall Roughness Height 0
Wall Roughness Constant 0.5
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0

X-Component of Rotation-Axis Direction
Y-Component of Rotation-Axis Direction
Z-Component of Rotation-Axis Direction
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

Surface tension gradient 0
side w

Condition Value

Wall Thickness 0

Heat Generation Rate 0
Material Name aluminum
Thermal BC Type 1
Temperature 300

Heat Flux 0
Convective Heat Transfer Cocfficicnt 0
Free Stream Temperature 300
Enable shell conduction? 1no

Wall Motion 0

1y



Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? " no
Velocity Magnitude 0
X-Compohent of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
External Emissivity 1

External Radiation Temperature 300
Wall Roughness Height 0

Wall Roughness Constant 0.5
Rotation Speed 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction ]
X-component of shear stress 0
Y-component of shear stress 0
Z-component of shear stress 0

Surface tension gradient 0

fan.1

Condition Value

Flow Dircction (-1,0,1) |
Calculate Pressure-Jump from Average Conditions? no

Pressure-Jump ((polynomial normal-velocity 0 ((

At



Limit Polynomial Velocity Range? no
Polynomial Range: Minimum Velocity Magnitude 0
Polynomial Range: Maximum Velocity Magnitude le+10

Profile Specification of Pressure-Jump? yes
Pressure Jump Profile 10000
Swirl-Velocity Specification? no
Radial-Velocity Polynomial Coefficient 0
Tangential-Velocity Polynomial Coefficient

Fan Hub Radius le-06
X-Coordinate of Fan Origin 0
Y-Coordinate of Fan Origin 0
Z-Coordinate of Fan Origin 0
X-Component of Fan Axis 1
Y-Component of Fan Axis 0
Z-Component of Fan Axis 0
Profile Specification of Tangential Velocity? no
Tangential Velocity Profile 0

Profile Specification of Radial Velocity? no
Radial Veiocity Profile 0

default-interior

Condition Value

shaft w:001
Condition Value
Wall Thickness 0
Heat Generation Rate 0
Material Name aluminum
Thermal BC Type 1
Temperature 300



Heat Flux 0

Convective Heat Transfer Coefficient 0
Free Stream Temperature ‘ 300
Enable shell conduction? no

Wall Motion 0

Shear Boundary Condition 0
Define wall motion relative to adjacent cell zone? yes
Apply a rotational velocity to this wall? no
Velocity Magnitude 0
X-Component of Wall Translation 1
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
Define wall velocity components? no
X-Component of Wall Translation 0
Y-Component of Wall Translation 0
Z-Component of Wall Translation 0
External Emissivity 1

External Radiation Temperature 300
Wall Roughness Height 0

Wall Roughness Constant 0.5
Rotation Speed | 0
X-Position of Rotation-Axis Origin 0
Y-Position of Rotation-Axis Origin 0
Z-Position of Rotation-Axis Origin 0
X-Component of Rotation-Axis Direction 0
Y-Component of Rotation-Axis Direction 0
Z-Component of Rotation-Axis Direction |
X-component of shcar stress 0
Y-component of shear stress 0
Z-component of shear stress 0

Surface tension gradient 0

dcfault-interior;047
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Condition Value

default-interior:049

Condition Value

Equations

Equation  Solved

Flow yes
Turbulence yes

Energy  yes

Numerics

Numeric Enabled

Absolute Velocity Formulation yes

Relaxation
Variable Relaxation Factor
Pressure 0.30000001
Density I
Body Forces 1
Momentum 0.5

Turbulence Kinetic Energy  0.69999999



Turbulence Dissipation Rate 0.69999999
Turbulent Viscosity 1

Energy l

Linear Solver

Solver Termination Residual Reduction

Variable Type  Criterion Tolerance
Pressure V-Cycle 0.1

X-Momentum Flexible 0.1 0.7
Y-Momentum Flexible 0.1 0.7
Z-Momentum Flexible 0.1 0.7
Turbulence Kinetic Energy  Flexible 0.1 0.7
Turbulence Dissipation Rate Flexible 0.1 0.7
Energy Flexible 0.1 0.7

Discretization Scheme

Variable Scheme

Pressure Standard

Pressure-Velocity Coupling SIMPLE
Momentum First Order Upwind
Turbulence Kinetic Energy  First Order Upwind
Turbulence Dissipation Rate First Order Upwind
Energy First Order Upwind

Solution Limits

Quantity Limit

Minimum Absolute Prcssure i

Maximum Absolute Pressure 5000000

TA



Minimum Temperature 1
Maximum Temperature 5000
Minimum Turb. Kinetic Energy  le-14
Minimum Turb. Dissipation Rate 1e-20
Maximum Turb. Viscosity Ratio 100000

Material Properties

Material: steel (solid(

Property Units Method Value(s (

Density kg/m3 constant 8030
Cp (Specific Heat) j/kg-k constant 502.48
Thermal Conductivity w/m-k constant 16.27

Material: copper (solid(

Property Units Method Value(s (

Density kg/m3 constant 8978
Cp (Specific Heat) j/kg-k constant 381
Thermal Conductivity w/m-k constant 387.6

Material: aluminum (solid(

Property Units Method Value(s (

Density kg/m3 constant 2719
Cp (Specific Heat) j/kg-k constant 871

Thermal Conductivity w/m-k constant 202.4
Material; air (fluid(

hE)



Property Units Method Value(s (

Density kg/m3  constant 1.225

Cp (Specific Heat) J/kg-k  constant 1006.43
Thermal Cohductivity w/m-k  constant 0.0242
Viscosity kg/m-s constant 1.7894e-05
Molecular Weight kg/kgmol constant 28.966
L-J Characteristic Length ~ angstrom constant 3.711
L-J Energy Parameter k constant 78.6
Thermal Expansion Coefficient 1/k constant O
Degrees of Freedom constant 0
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