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| NSTED® Thermal Analysis Software

INSTED Modules

Fast, Accurate, and Realistic Analysis

Heat Exchanger (HEX) Analysis Programs

- Plate-Fin Heat Exchanger

- Shell-and-Tubes Heat Exchanger

- Plate-Frame Heat Exchanger

- Concentric Tubes Heat Exchanger

- Manifolds-Microchannels

- 3D-Printed/Additively-Manufatured HEXs
- Smart Heat Exchangers

Basic Thermal-Hydraulic Analysis Programs

- Series Piping Systems

- Heat Transfer from Fin and Fin Arrays
- Heat Conduction in Composite Solids
- Flow Over Tube Banks

- Internal Flow with Heat Transfer

- External Flow with Heat Transfer

Two-Phase Models

37 (Ej?lmg & fConde;sanodn I\/Ic:cdels Customizable Data T T

- Modification for Enhanced Surfaces - :
- Custom fluid propertles 2 4000 00117656 00495644 %\
- Incremental Method . Custom J/f data 3 5000 00098982 00397575 ||
. 4 6000 00085648 00332262 |X|
» Custom fin geometry 5 8000 00067295 00253199 x|
Eng|neer| ng TOOlS ] Use user-defined fin geometry in the hot stream? 6 1000.0 0.005616 0.0202061 X/
pitsSpachie: 7 1500.0 0.0043949  0.0145536 | x|
- Thermal-Hydraulic Database = 8 2000 ooouoz3 ooeu (X
- Advanced Math Calculation Tool »- e ——
. i . A 10 4000.0 0.0035233 0.0097063 X/
. Englneerlﬂg Units Converter Fin Efcency: % 11 50000 00033574 00092686 ||
Fin Weight per Unit Plate Area: kgim? 12 6000.0 0.0032642  0.0088961 | X/
il pesecrecse - () 13 80000 00030609  0.0084082 X
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Multiple HEX Design Tools

- Performance analysis (rating)

- Parameter analysis (multiple-rating)
- Preliminary design

- Sizing

- Optimization

HEX Simulation Model

- Bulk (e-NTU)
- Discrete (differential equations)

i=1
Hot BN R
Passage

Cold. T~
Passage i

Advanced Optimization Algorithms

- Gradient method

- Adjoint-based method

- Genetic algorithm (GA)

- Advanced sensitivity analysis

TTC Technologies, Inc. °/




| NSTED® Thermal Analysis Software
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Integrated Analysis Environment Easy-to-Use Interface

Integrated Thermophysical Properties Database

- INSTED solid/fluid database
- NIST's REFPROP
- User-defined fluid properties

Cloud Version vs Desktop Version

Cloud Version Desktop Version
Access data in INSTED Protect your data by running
anywhere, anytime INSTED on your computer

INSTED CLOUD
TIC REFPROP TOOL

ccccc

Result Plotting & Export

- Line plots along flow passage
- Exporting data to Excel file

Unit Preference Setup  Unit Conversion On-the-Fly

° INSTED THERMAL ANALYSIS SOFTWARE

Rectangular ~

L
1L Fin Profile: .! = .
| ’
Plain -

. Fin Properties:

FinHeight(h): 00057 m ~

FinThickness (f): 00005 m =
Fin Pitch (p): 0002 m v

FinConductivity: 15 WK+ 4 ; :

Fin Density: M kgt~ 8 : |

1V Use user defined jif data?
Choose custom j/f data: PlateFin1/8152 ~ -

o )

TTC Technologies, Inc. 6/




| NSTED® Thermal Analysis Software

Plate-Fin Heat Exchanger Plate-Fin Heat Exchanger

- Performance Analysis

7

- Parametric Rating Calculations L Finhape il Fin types
- Sizing & Optimization —— J—U_Lr i

T — Rectangular
- Custom j/f Data Input for Fins — HI-.I .l . Trapezgda
- Kays & London Data for Fins p— " | - Triangle
- User-Defined Fin Geometry Data Ptk in - Wavy

:mw : - User-defined
e — M Fin profiles
|. HEX Geometry = + Plain

m D .
. e : Herringbone
Different plate/flow arrangements i - Offset-strip
: ' - User-defined
- Parallel or cross-flow _
- Multiple partitions Bt
. Single_ Or double_banking Na"l‘:lt'u')lolKlyl!nl.A‘mdl:nFll’|:Z:J)ImllI)It1|(~)-fm 20 me:mml”e.v =
e | -
INSTED CLOUD . = = .
e CEER wm|]
Hydraulic Diameter [ m - 0014453 [Reverse Placement: o
e T ‘ffwj"ﬁfnm 6
Thermophysical Properties Between Plates [ 1m - | jpae oz | |Spliter Thickness [ m - | o
L : Custom j/f data
Choose Solid: | & ot 1 i Ot e
Aluminum Alloy 2024-T6 - « 10
Density [kg/m?] 2.77e+3
‘Specific Heat[J/ (ke-K)] 875.0
Thermal Conductivity [w/(m®)] 177.0
Thermal Diffusivity (m?/s] 7.3027¢5

o INSTED THERMAL ANALYSIS SOFTWARE TTC Technologies, Inc. a/




| NSTED® Thermal Analysis Software

Plate-Fin Heat Transfer Shell & Tubes Heat Exchanger

Multiple Rating - Features

- Performance Analysis

- Parametric Rating Calculations
- Preliminary Design

- Two-Phase

7

081074210
202178

=" = Types of Shells
- e Y - BE .
s = ” - Generic
““““““ —_— - - TEMA-E
sl E o = - TEMA-]
Optimization _—— = - TEMA-K
e T - TEMA-X
e . - e Types of Tube Bundles
et e i T ey . Square
e — —— == == . Rotated Square
) e e Rate a shell-and-tubes heat - Triangle _
— e == n exchanger by providing flow - Rotated Triangle
= conditions
e il Shell-Side Film Coefficients
el e Calculation Methods:
e ————— - Kern's Integral
S— - Bell-Delaware
e — - Stream Analysis
et ) e |

e INSTED THERMAL ANALYSIS SOFTWARE TTC Technologies, Inc. e/




Fin/Fin Array Analysis

[ i Arey vy

L FinFin Avray Nome: =

= =

V.Fin Geometry Detals:

. Fin Geometry Type: Fin Thikness 1 o001 m -

aner Radus (1 o0zs m -

Rectanguar Oute s () 0027 ==
Tiangiar

Taperids

paraboic . Therm Conditons:

oversepaabolic

Lo e ThermalConductty: 200 Wi+ )
Conialspine. Fim cosficent: & e o

BmeTemperstre: 37215 K+

2815 [k -

Features

- Single Fin and Fin Arrays.

- Calculation of Heat Flow Rate,
Finned area, Fin Resistance,
Single Fin Efficiency,

Finned Surface Efficiency

e H Tt

Rectangular

4,
Trapezoidal A

s

[ A

f =
Inverse Parabolic [

Annular Circular Plate

' Parabolic l
i Cylindrical SpJE

; Parabolic Spine| |

(-
S
=

’—qgnhular Rectangular Plat
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=

@ INSTED THERMAL ANALYSIS SOFTWARE

| NSTED® Thermal Analysis Software

Microsoft Excel Output of Results

Description for HX Problem Statement
example, flow Performance Requirement Operating Conditions -Hot Operating Conditions -Cold
Design # i,:rj;gemem' Fluid | Flow | - | Fluid | Flow ‘
passing, Q Ap-hot | Ap-cold Tin Pin Tin Pin
single/two phase Type | Rate Type | Rate
flow etc.)
[kw] | [kPa] [kPa] [ | Do) | R | fps | B | Dbrs] | [°F] | [psi]
1 Cros;;'sm;ingle 55997 | 860 | 0 55.116 | 57202 | 0
HX Problem Statement HX Size, Weight and Performance- Output
HX Core Design Input HX Core Dimensions
t-sp t-ep w-sb-hot | h-sb-hot | w-sh-cold | h-sb-cold P-L P-W L-NF/S Np-h Np-c W
[in] [in] [in] [in] [in] [in] [in] [in] [in] [ [ [Ib]
0.012 0.012 0 0.224 0 0.224 35.43 70.9 70.9 150 150 2510
HX Size, Weight and Performance- Output
Hot Side
Type N-Fin or Channel | H (Plate Spacing) tfin lorn 2a dh Ac A
[-] [1/in] [in] [in] [in] [in] [in] [in?] [in2]
rectangular/plain 127 0.224 0.006 0.109 2148 376650
HX Size, Weight and Performance- Output
Cold Side
Type N-Fin or Channel | H (Plate Spacing) t lor 2a dh Ac A
[-] [1/in] [in] [in] [in] [in] [in] [in?] [in2]
rectangular/plain 127 0224 0.006 0.109 1074 376650
HX Size, Weight and Performance- Output
Cold Side
Tout Tmean Ap oAP Prmean Hmean Cp-mean Ko-mean Re Pr Nu
[°F] [°F] [psi] [kPa] [IbAe] | [IbAft*s)] | [Btu/lb*°F) | [btu/(h*ft*°F)] [ [l [
784.1 621.5 0.627 03034 0.0000215 0.253 0.029 3128 0.678 11.55
HX Size, Weight and Performance- Output
Cold Side Overall HX Core Performance
nhA P £ @ € Q NTU UA CoP
[btu/(h*°F)] [Btu/h] [%] [ [ [Btu/h] [ [btu/(h*°F)] [
5424426 75844 0.984 0.736 10654794.2 4.282 215110.8 9.05088

TTC Technologies, Inc.




| NSTED® Thermal Analysis Software

Heat Conduction Analysis

Features

- Calculation of Total Heat Flow Rate, Thermal Resistance,

Net Temperature Difference, Critical Radius (for Radial Walls only),

and Thickness of a Layer

Conduction Analysis. x‘
i - = VAL Conduction Layers:
—
New | save ) Saveds ) tood J Ciose | Compute )
Support for finned surfaces

Support for the following systems

”;{' B /f

Slabs

. Radial Systems

Q INSTED THERMAL ANALYSIS SOFTWARE

Tube Banks

Features

- Plain Tubes or Finned Tubes
- Calculation of Pressure Drop, Reynolds Number,
Heat Transfer Rates for Tube Banks

Longitudinal Pitch (S): 0,035

Transverse Pitch (57): 0.03

Tube Temperature (Ts): ~ 278.15

1. Tube Banks Project Name:
(Sample) Chapman.353 s
v O O O O
s,
1L Tube Fins: = 0060 I
:’ O @& B O
O ©
Finned Tubes  ® Plain Tubes 029 0
0 Qoo
T,
Il Tube Layout and Properties:
Choose Tube Layout Types:  Rotated Square v V. Fluid Properties:
Layout details
Fluid Density: 120503 g g
No. of Tubes (Longitudinal Dir.): 4
Fluid Viscosity: 179-5 kams) - gf
Nodof Tubes (Tcanaversa Dir | 6
Fluid Conductivity: 002545 wimk) ~ 4
[l use Corbels?
Prandtl No.: 0714 g
Tube Length: 10 D
PrandtlNo.atWall: 0717 4|
Tube Diameter (D): 0.0159 m

V. Flow Conditions:

K Free Stream Velocity (U-): 50  ms

Freestream Temperature (T=): 30315 K -

New |} Save |  saveAs | Load

© Velocity is known?

)] Close |}

O Flow Rate is known?

Compute |

Calculation Result:
Maximum Velocity:
Reynolds No.:
Prandt] No. Ratio:
Nusselt No. (plain):
No. of Tubes:
Heat Transfer Coefficient (plain):
Outlet Temperature:
LMTD:

Heat Transfer Rate (plain):

Pressure Loss (plain):

10.638298035
11387.125976563
0.995815873
85.541069031

22
136.919509888
299.687255859
-23.225631714
-3812.3359375

93.94808197

Wi K)

TTC Technologies, Inc. Q/
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INSTED Database

Fluid Properties
Q Sinlge phase fluid, two phase fluid at
u

equilibrium state

Thermal Analysis Database:

Pipe Schedules

Access pipe dimensions

Pipa sTheate

Minor Loss K-Factor
JEm—
7=——— Kfactors associated with the flow

pressure losses for piping system

Suggested Velocities

(m‘ Economic flow velocity range for

Segpeeivinne  DIiDES

Fouling Factors
The resistances to heat flow due to
the surface residues

Radiation Properties

Contains the normal emissivity for
various surfaces

Thermophysical Properties Database:

-

Tubs Counts

N

‘Maady Ch

1)

s,

i o

ark

solid Properties

Metallic/non-metallic solid, building
material, insulation material

Tube Counts

Tube count data for Shell and Tube
heat exchanger systems

Moody Charts

Calculates friction factors for pipe
flow.

Sample Film Coefficient

Contains ballpark values of the heat
transfer coefficients

Absoclute Roughness

Average absolute roughness data for
various commercial pipes

NIST REFPROP

NIST refrigerant properties
{License validation required)

@ INSTED THERMAL ANALYSIS SOFTWARE

INSTED Database

Features
- Includes the Following Data and More;

- Thermophysical properties of fluids and solids

- Pipe schedules

- Suggested velocities for the flow various fluids

- Minor loss k-factors
- Fouling factors
- Absolute roughness
- Sample film coefficients
- Tube counts in Shell-and-Tubes
- Moody charts (friction factor calculation)
- Radiation properties
- NIST's REFPROP
- Database is Integrated Throughout INSTED
- A standalone Version of the Database tool is
also Available on Apple Store and Google Play

‘Thermal-physical Properties Thermal-physical Properties

Choose Material Type: Choose Material Type:
Two Phase Fiuid Equibium) & Singl Phase Fuid at Alomspherk Pressure
Choose Material: Choose Material:
Aeetc Acd (TwoPhase) = [
Choose Temperature:

Choose Temperature:
39115 2

100

— ~ Details

‘Deasityfa/e]

‘Expansion Coeficient /5]
Heat[5/05)]

Thermal physical Properties

Choose Material Type:

[Metailic Soiid <
Choose Material:

i —)
~ Details

Density (kg/m?] 279843

‘Specific Heat [3/(ke X)) 0883

‘Thermal Conductivity (w/(m )] 168.0

‘Thermal Diffusivity {m3/s) 6.8194e-5

TTC Technologies, Inc. G/




®
INSTED ™ Thermal Analysis Software

INSTED Database

Mobile App for Thermal-Hydraulic Database

Android Version
Choose Group:
3/4 in. OD (TUBE), 1 in. SQUARE PITCH [=]
Choose Shell Inner Diameter:
10in. ; .
Bl Fluid Thermophysical Prope. Fluid Thermophysical Prope...
Choose Number of Tube Passes:
2 = SELECTELIND TYOE: GENERAL INFO VAPOR DATA LIQUID DATA
—
- i Pipe Dimensi x i ilibri
Tube Arrange Type square. 4
Tube Pitch [in] 1.0 Select Pipe Material: SELECY ELIAD. E;‘Fr:u“\::! CH3CH3
i:"" °:E:::‘.‘M = Wrought Steel / Wrought Iron EI Ethane 4
No.of Tu 52
. . Molecular
Choose Pipe Size: SET TEMPERATURE[ K | Weight 30.068 la/mol]
e Nominal Diameter (in.) 1 [=]
Normal Boiling
. K
Choose Type: @ 285 @ Point 184.52 4
Schedule 40 Standard =] e e -
eiting Foiny o A
* Details
) _ _ Critical 205.5 K
Outer Diameter[in] 1315 Get Fluid Properlles Temperature |
Inner Diameter [in] 1.04904
Moody Chart x Lo i Ll L SRGAIRS Critical Pressure 4913 Pa 4
Reynolds Number: 5000 [ Close | Critical Density 212 kg/m? 4
Pipe Diameter: 02 m =] Saturation 285 K
Absolute o = @ Temperature = A
m )
Roughness: Saturation 3155.5 Pa
S I'TC REFPROP TOOL Pressure L155.5 4
r Calculate | Close.
I p— Pr—
* Cam o st

Bt 4 e marrnes

Say ‘Thermal-Hydraulic Database’ at Google Play
B GooglePlay to launch app

@ INSTED THERMAL ANALYSIS SOFTWARE TTC Technologies, Inc. a /




| NSTED® Thermal Analysis Software

Mobile App for Thermal-Hydraulic Database

i0S Version

7 Downl

@& App Store

SELECT FLUID TYPE:

Two Phase Fluid (Equilibrium) ~

SELECT FLUID:

Argon v

SET TEMPERATURE [ K ]

S) 116.00 @®

(116.00K, Two-Phase at Equilibrium)

Chemical Formula
Molecular Weight
Normal Boiling Point
Meiting Point

Critical Temperature
Critical Pressure
Critical Density
Saturation Temperature
Saturation Pressure
Heat of Vaporization

Interfacial Tension

®

Argon

Ar

39.944

83.78
150,86
4.898E3
536.0
116.0
970.228169
1.324887E5

7.6208451

G

X Fluid Thermalphysical Properties

PLATE — FRAME MODULE

Features

Performance Analysis

Parametric Rating Calculations

Sizing & Optimization

Custom j/f Data Input for Fins
User-Defined Fin Geometry Data

Ask Siri for ‘'Thermal-Hydraulic Database’

@ INSTED THERMAL ANALYSIS SOFTWARE

Start Page .lﬂ Plate-Frame: Sizing nl

I. Project Name:

PFM Size

I1. Choose a Reference Rating Project:

Single phase calculation only

IIl. Design Target:

Target Heat Transfer Rate:

1.5e+6 wov

V. Min/Max Bounds on Design Parameters:

V. Sizing Criteria: (2]

Difference between sizing and rating:

Fix Plate Length?
| Fix Plate Width?
Fix Hot Flow Rate?
Fix Cold Flow Rate?

CSINCSINCY

Fix No. of Flow Passes?
Fix No. of Plates?

Fix Hot Flow Frame Pattern?

SN

' Fix Hot Flow Frame Corrrugation Angle?
Fix Cold Flow Frame Pattern?

' Fix Cold Flow Frame Corrrugation Angle?

K8

[ Jheng Sing

Plate Height Target Heat Transfer Rate
Plate Width

No. of Flow Pass (Hot)

No. of Flow Pass (Cold)

Mass Flow Rate (Hot)

Mass Flow Rate (Cold)

Frame Pattern (Hot)

Frame Patten (Cold)

Heat Transfer Rate. Plate Height |
Plate Width i
No. of Flow Pass (Hot)
No. of Flow Pass (Cold)
Mass Flow Rate (Hot)
Mass Flow Rate (Cold) i
Frame Patter (Hot) i

Fix Effectiveness? Frame Pattern (Cold) i
Fix COP? i f not fixed for sizing calculation.
New ) Save ) SaveAs | Load ) Close |} Compute

TTC Technologies, Inc. Q/




| NSTED® Thermal Analysis Software

MANIFOLDS-MICROCHANNELS

Start Page « I Plate-Frame: Geometry « | Plate-Frame: Pla

Plate Pattern Type:

Manifold-Microchannel v

Manifold Height (mng) = m v
Manifold Width (Wpng) = m v
Manifold Thickness (tmnd) = m v

Manifold Offset Length (Inmnd)

I
3
«

Micro-channel Height (hep,) = m v
Micro-channel Width (Wpnq) = m Vv
Micro-channel Thickness (ty,,q) = m v
Manifold Conductivity = Wir ¥
Manifold Density = kg/m* ¥

.| Use user defined j/f data?

Marnifold

Flomy Traet

@ INSTED THERMAL ANALYSIS SOFTWARE

Two-Phase Models

20 Condensation Models

17 Boiling Models

Please choose two-phase calculation models:

Condensation Models for Hot Flow:
© Fujii
/ Carpenter-Colbum
' Kosky-Staub
) Shah

Haraguchi

J Akers

- Traviss

_ Cavallini & Zecchin

J Moser

- Dobson

) Azer

- Jaster-Kosky

) Tang

. Thome-El Hajal-Cavallini

) Cavallini

L Cavallini (#2)

_ Shah (#2)

Webb

Yu-Koyama

Palen

Boiling Models for Cold Flow:

® Chen

' Kandlicker

- Gugnor and Winterton
Shah

) Gugnor & Winterton (#2)

) Chen (#2)

- Rohsenow
Tran-Wambsganss

' Liu & Winterton

. Steiner-Taborek

J Tran

- Lazarek-Black

./ Kew-Cornell

- Warrier

2 Yu

) Cooper

! Fujii

Frictional Pressure Loss Models for Hot Flow:

® Friedel

) Lockhart-Martinelli
-, Chisholm

) Wambsganss

Frictional Pressure Loss Models for Cold Flow:

® Friedel

-/ Lockhart-Martinelli
) Chisholm

- Wambsganss

TTC Technologies, Inc. °/




TTC Math Calculator

Capabilities Result
Atnmete Operations
Trigonometrc Functions. << 6g12385,6789D
Arrays

‘Soecial Funclions. >

CurveFatng

Eigenvalue =
Numerical nlegraton

Statstal anaivsl
Fast Fourer Transform
g

16.1168439698071 [] 0
) -111684396980704 0

0 o -123578355225234E-15
Workplace 1

Variables  User-Defined  History

Eigenvector=

Clear Screen_|
Clear Variables |

Input

Matrix Analysis

Calculate eigenvalues and eigenvectors.

Example:

e INSTED THERMAL ANALYSIS SOFTWARE

| NSTED® Thermal Analysis Software

Sample TTC's Customers

LOCKHART

INDUSTRIES

(DUNCAN) LTD.

Lockhart Industries

Georgia
0S oroia

Oregon State

UNIVERSITY

v/

U.S. AIR FORCE GE Power Systems

ASSEMBLY INGENIEROS

Assembly Ingenieros (Spain)

=KIER Westinghouse

Korea Institute of Energy Research

NAVAZAIR @ LG

U.S. Dept. of Defense

&
Subtts /) soEnve ==

Automation
'NOUN.

G Ot
Technologies

SUNY Buffalo utc Virginia Tech

AMETEK

Ametek Hughes-Treitler

LYTRON

Total Thermal Solutions

UNIVERSITY of

00

DAYTON

Rockwell

UNIVERSITY OF l(d:‘

Cincinnati

University of Cincinnati

TTC Technologies, Inc. e /
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