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Overview of the Talk

e Accessing TEST.

e The scope of the TEST portal.

e Different modules of TEST.

Table Module: Traditional Charts and Tables.
Animations: Visualization of Thermal Systems
Interactives: Numerical Laboratory.

Problems: Multi-media Problems and Examples
TESTapps: The Thermodynamic Calculators



Accessing TEST

Academic version of TEST is accessible from
www.pearson.com/Bhattacharjee

The Professional version of TEST is accessible from
www.thermofluids.net.

Currently 3895 educators, (939 from US), 4094

professionals; and 38,444 students are registered in the
TEST portal.

Making an account takes 5 minutes.



The Scope of the TEST Portal
Designed for life-long learning, TEST connects thermodynamic
applications to their fundamentals.

Hundreds of Animations and Interactives are used throughout the site.

Replacing interpolations using property tables with intuitive state
calculators. The concept of a thermodynamic state as a mathematical
object replaces properties; just as a vector or tensor replace a set of
numbers conceptually.

The online calculators are called TESTapps.



The Scope of the TEST Portal

Using the states as a building block, device or process objects are built
which solve the governing mass, energy, entropy, and exergy
equations.

The device and process objects are used to simulate complex cycles
and other thermodynamic applications.

The client-server architecture (web services) of the calculators allow
powerful applications such as chemical equilibrium analysis possible
over the browser interface.

Along with graphical interface, TESTapps also allow simple
programming interface, creating a powerful tool for what-if studies.



The Scope of the TEST Portal

e Educators can create a group and ask students to associate their
accounts with that group.

e At anytime a progress report can be generated where activities by the
group members are tabulated. This makes it very easy to assign

homework or even conduct an online test where ‘cheating’ becomes
more difficult.
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Textbook — US and Global version

-

Thermodynamics: An Interactive Approact

by Subrata Bhattacharjee “ (Author)

25 ratings

Hardcover
$47.28 - $193.47

Paperl

$146.93

O Rent
Due Date: May 23, 2022 F
¢ FREE return shipping a
Look inside ¥

GLOBAL
EDITION

Thermodynamics
An Interactive Approach

ISBN-13: 978-0130351173
ISBN-10: 0130351172
Why is ISBN important?

PEARSON

Therm
Global

by Bhattachg

gl
L. 8. 0. 0.0 1

See all formd

Paperback
$65.90

2 Used from $
9 New from $6

For the therr

department
that introduck
progressively

for todays the
based resour¢

The textbook takes
a layered approach
(as opposed to the
traditional spiral
approach).

It integrates TEST as
a learning tool in
every chapter.

Adopted by many
universities in US
and other countries.
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pearsonHigherEd.com/Bhattacharjee — PEARSON version of TEST for Students

T www thermofluids.net X I www.thermofluids.net %7 Bhattacharjee | Pearson X § e

€ @ v.pearsenhighered.com/bhattacharjee C || Q Search ﬁ B ¥ @ e =« -

|2 Most Visited || Flame-Local testFlat-energ test-Romulus | | classta.net { | A new kind of course ... classtadev-romulus  te \

TEST: The Expert System for Thermodynamics
PROF. S. BHATTACHARJEE ¢ The Tables,

Animations,
Interactives, and
TESTapps modules
are supported.

PREAK THRBBGH *
To improving results |

Our goal is to help every student succeed. We're working with

educators and institutions to improve results for students ¢ P ro b | ems are pa rt Of
everywhere. .

i Pearson’s Mastering
Engineering site.

~

EDUCATORS » STUDENTS >

Features Features

Support Support

Features Vist our website (@ /

Support




Creating An Account and Help Pages
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thermofluids.net— Home Page: Creating an Account Takes Seconds

&« - C O A Notsecure | thermofluids.net / \
i  Create professional or

S The Expert'System for - Tihern ,
Prof. S Bhattacharjee, San Diego Stat | educator’s account (an
www.thermofluids.net e https://entropy Emai |’ your name, an d
Quick Launch

Log in oj create an account [ Forgot password? ( unlversrty namE).
@ Login id (ex® : - (J show password
Intro
Quad
Btu

| | | password

In addition to www.thermofluids.net, please bookmark https://eon.sdsu.edu/testhome ° P a S SW O r d a r r i V e S i n

Unit Converter

Short Videos: Some of the Things You ( SGCOﬂdS (ChECk spam
folder)
e 7 ; .
- Basics ]( TESTapps 1( Interactives 1(_
® Finding Hel d Navigating TEST . . .
® EUBENIRRNUS O * Login with your email
il Mrdnie ® Customize the Unit Converter L.
® , address as the login id.
® Calculate Expressions, Functionsta
Ammagmle - ® Find a Suitable Animation on Any Topic ]
Interactives Module ? ¢ Look u ; ables and verify * Send an emall to me to
@ l " e Create a TEST accountlseconds Mma ke the account
TESTapps Module : — - pe rma nent.
@ Short video clips (organized in four folders above)

Problems Module "Thermodynamics is a funny subject. The first time you go
don't understand it at all. The second time vou go through it. ¥

TESTapps

/

_—

Property Tables Animations Interactives Problems Forum Tutorial




Help — The Ubiquitous Help lIcon

Tables Module

©

Animations Module

©

Interactives Module

©

TESTapps Module

©

Problems Module

Property Tables

The Expert Systeni for Thermodynanicss . e
Prof. S. Bhattacharjee, San Diego State Unlverslty
www.thermoflulds.net e https://entropy.sdsu.edu pee

Short Videos: Some of the Things You Could Do with TEST

Basics 1( TESTapps W( Interactives ]( Solving Problems 1

e Simply move the
pointer over the ed results
help icon on any
page for context
sensitive help.

to it, it

= = —aArnold Sommerfield

PEI~NCH

Welcome to TEST - a visual platform to analyze thermofluids problems, verify hand

Animations Interactives TESTapps Problems Forum Tutorial MyAccount




The Table Modules
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TEST Modules— Different Modules in Different Tabs

< C (O A Notsecure | thermofluids.net

Thermodynamic Lookup Tables: Evaluate Properties Manually and

Home » Property Tables

Tables A-E Tables F-K

T Hands-On Examples T Discussion of Tables

—_—— N
@ Hame Property Tables Alnimations

Cells on a given row are linked to summary, animation, TESTapp, and tables for a given model. C
C i ' =
Table-A N sL Sglr;frﬂog Material properties (cp
" s a SL (solid/liquid) model is
SL Mode Animation TESTapp Table A-1 Table A-2 | _ bstance and click Calcu
‘ T-5at super compLiq
Steam H50 H,0 H50 H,0
A 2 2 2
(H20)
PC Table B-1 Table B-2 | Table B-3 | Table B-4
TESTapp T-Sat super T-Sat
R-134a R-134a R-134a R-22 R-22
(CH,FCF3) (CHCIF5)
Table-B Table B-6 | Table B-7 Table B-8
PC Model T-Sat super T-Sat
R-12 R-12 R-12 Ammonia NH3
(CClzF) (NH3)
pC Table B-10 | Table B-11 Table B-13
Animation T-Sat super T-Sat
Nitrogen Ny Ny Propane CsHg
(N2) (C3Hs)
Table B-14 | Table B-15 Table B-16
Common Material properties - ¢,, ¢, R, k, etc. -
Table-C pr Cyr Ry K
del . PG . PG Gases PG state TESTapp, select the working fld
PG Made Animation TESTapp Table C-1 properties.
cp(T) ‘ cp(T) ‘ Polynomial relations and t
Polynom Tabular from the IG TESTapp, selec
- LS DU NI S R,

Interactives

TESTapps

Problems

Forum

 Onceyoulogin, you

can open a TEST
page on multiple
tabs of the browser
(at top) without
having to log in
again.

e TEST modules are

linked from the tabs
at the bottom.

* Let us begin with

the Property Tables
module.

Tutoria




Property Table Module— Traditional Tables with a Verification Calculator

& C © A Notsecure | thermofluids.net
Home » Property Tables
Tables F-K T Hands-On Examples T Discussion of Tables b Pro pe rty Ta bles are
Cells on a given row are linked to summary, animation, TESTapp, and tables for a given model. ( Orga nized acco rding to
p-Sat T-Sat compLig H
o thermodynamic
2
oc Table B-1 | Table B-2 Table B-4 models.
TESTapp T-Sat super T-Sat
(CF:lnga ) R-134a R-134a (cﬁ_ leF ) R-22
2 3 2 H H
] Table B-6 | Table B-7 Table B-8 * Clicking on a Table cell
Table-B
PC Model T-Set super | [Tsat bring the table in a
(CF:Z_III% : R-12 R-12 ATNmf?la NH3
22 3
PC Table B-10 | Table B-11 Table B-13 new row underneath'
Animation - T-Sat super o T-Sat
itrogen Ny N, rofane e .
(N2) (Cts) e Easy to switch
Table B-14 | Table B-15 { Table B-16
Table B-3, PC Model: Superheated Vapor Tz between SI or EngIISh
SI Units (J English Units mOde.
Superheated Table (PC Model), H20
°C m*/kg kJ/kg kJikg kJikg'K m*/kg kJlkg kJikg kJik I . I .
°
T p =0.01 MPa (T3t = 45.81°C) p =0.05 MPa (T3 = 81.33°C) nSta nt |nterp0 at|0n
v u h s v u h s using TESTapp.
Sat 14674 24379 25847 81502 3240 24839 26459 759
50 14869 24439 25926 B8.1749 - - - -
Q625155  2687.5 8.4479 3418 25116 26825 7.6947 1.6958 2506.7 2676.2 7.
Animations Interactives TESTapps Problems Forum Tutorial MyAccount
_




Property Table Module—Interpolation is no Longer Necessary

pi Tt J x1 L]yt
O wut J hi N | O s1 Vel
a jt 1 O m1 O Volt ka1
-l PC-Model System-State:
#0 oo &
% o oo on
Lo o d oot  Material Intrinsic properties of a s Thermodyn
I'ooofo o substance - MM, R, etc.
o o o ° o
\o\ o oo o « Extrinsic Properties that depend  Extensive
~LE” on obhserver - Vel, z, g, etc. (Total)
State-1| H20
p-Sat T Sat super comleq ice-
Steam Ho0 Hzo H20 Hz0 H
(H20)
pC Table B-1 Table B-2 Table B-4 Tabl
[ESTapp T-Sat super T-Sat [ su
R-134a R-134a R-134a R-22 R-22 R
(CH,FCF3) CHCIF3) —
Table-B g Table B-6 | Table B-7 Table B-8 | Tabl
PC Model T-Sat super T-Sat [ su
R-12 R-12 R-12 \mmonia NH3 N
frel Y FRILD %
" p = 6.0 MPa (T .5 = 2J/5.64°C)
v u h s
Sat. 0.03244 25897 27843 58892
300 0.03616 2667.2 6.0674
350 0.04223 27896 | 30430 |6.3335
400 0.04739 28929 | 31772 |6.5408
450 0.05214 29889 6.7193

~

Suppose we would like
to find enthalpy of
steam at 6 Mpa and
370 deg-C.

Instead of
interpolating from the
table, we can use the
TESTapp linked above
the table.

Simply enter values of

pland T1 and

Calculate h1 as
3096.62 klJ/kg.




Animations Module
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Animation Module— 16 Chapters of Animations

G 9 ‘ 9. Steam Power VHA. steamPower vHsreamPowerP!anr V‘ OJ Alphabetical Order K4 @ @

Open Vapor Power Cycle: Basic Steam Power Plant

Y
« <« >

ll: Combustion subsystem  IV: Electrical subsystem BACK STEP STEP PLAY

el il il oy

I: Heat Engine !

Ill: Cooling subsystem

____r_____J
1
I
I
I
I
[
I
I
I
I
I
1
1
1
1
I
I

N
Q
4]
=
Q
S
S

Condenser

_______

—

I

|

I

: = >
| Pump & Pou §

I I

--------------------------- 2-3: Constant pressure heat rejection in the
condenser producing saturated liquid at State-3

» 2

Steam Power Plant
A steam (vapor) power plant has four sub-systems. (l) Heat Engine: It is at the heart of the power plant converting

 Anim. 9.A.steamPowerPlant is being displayed. N
* Use the slide bar and buttons to control.
e TEST will keep track of animations you have visited.
* Some animations have multiple screens.




Interactives Module
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Interactive Module— Parametric Study Even Before Understanding a Concept or Device
Open-Steady Vapor Turbine Interactive: PC (Phase-Change) Model

Home » Interactives » Open-Steady Devices » Current Interactive Page

PC Interactive (HTML5) Hands-On Examples T Discussion of Interactives ] @

HTML 5 based interactives can run on any device with a modern browser without the need for any special plug-in.

Move mouse over any widget (buttons, menu, tabs, etc.) to see helpful tip at the bottom help panel and more precise value at this top help panel.

State Panel Vapor Turbine Panel @ Interactives: PC-Model, VaporTurPineﬂHer:-@-Ee‘H\ZDZﬂ 5. Bhattacharjee
Calculate || Set Default [l KELARNGY ~ from 105 kPa to gg25 kPa ]ﬂnd plot:  \wdotExt ~ With 20 PoirﬂS| I

Qdot, kW WotExt, KW eta, % l x: log/linear l y log/linear I Flip Axes I Zoom:
4500
4000 /
1
2 3500
[y
g
(=]
T 3000
State-1: Turbine inlet We=m(j—1); Wi = m( j,—Js) 5500
State-2: Turbine exit : -
State3: 1 L Iy = Wr _m(fl_lz]ﬂ_}i‘h:
tate-3: Isentropic exit r == e
WT,"M 'ml(.)'l -.)3 ) hi -hﬂ 2000
Fir 4 Venor turbin af steady stat 200 400 600 800
ig. 1. Vapor turbine at steady state. o1, kPa
Baseline Case (Ex. 4-7): An adiabg adily
B T e L = L e I e T S TR S - alal 1nlS

@ Home Property Tables Anirrttions Interactives TEBTapps Problems Forum Tutorial MyAccount - Release Notes C

* Interactives to explore thermodynamic properties, devices, and processes.
e Typical conditions are default values (which can be changed of course).
e Graphical parametric studies can be done instantly.

* Simple pick a parameter and click Analyze.




Problems Module
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= Create a Custom Chapter

Problems Module — Problems Organized in 16 Chapters

Problems Module: Interactive Problem Solving

@

From a list of problem ids:

Using conditional search:

—

[0-1-1 1-2-7 312 |

\Any Chapter v\ \Any ILO (Ideal Learning Outcome L4

You can search for\

@ o

\Any Type of Problems

~ ‘ contain

problems using

ing |Turbir

keyword, learning

Sixteen Chapters of Multi-Media Problems

outcome, chapter
name, or problem

Interactions M d heat and K int £ Gas Turbines | Gas turb
Chapter-0 |ss and neat ana work interactions. Chapter-8 | its variat Id,
States . . Steam Power
Chapter-1 Understanding states and properties. [ Chapter-9 V]por po .
! J * Click on a chapter to
qu:;c'ms Balance equations for mass, energy, and entropy; Refrigeration Vapor co brOWSE prOblemS,
Chapter-2 Analysis of closed steady systems and cycles. Chapter-10
see manual or TEST
Properties | Material models (SL, PC, IG, PG, and RG model) to Ai\;z:;:d Advanced SOlUtiOﬂ, or SGEk
Chapter-3 | evaluate properties of working substances. Chapter-11 relations assistance to Solve 3
SS\,::Z:; Mass, energy, and entropy analysis of open-steady Psychrometry Psychron prObIem .
Chapter-4 systems (nozzles, pumps, turbines, etc.) Chapter-12 /
Unsteady . )
Mass, energy, and entropy analysis of unstead Combust
Systems gy i i L Choam "= | Chemical reaction and combustion.
Chanters | Processes. *&F—ﬂ-—

@ Home Property Tables Animations Interactives TESTappsLM Forum Tutorial MyAccount I



Problems Module — Problems Linked to Animations

ooy,
h

o1 % —3o0
9-1-5 [OPZ] A steam power plant operates on the simple ideal Rankine cycle. Steam enters the turbine at arl{] d_ﬁ |_
4 MPa, 500°C and is condensed in the condenser at a temperature of 40°C. (a) Show the cycle on a T-s B

diagram. If the mass flow rate (m) is 10 kg/s, determine (b) the thermal efficiency (ny, ) of the cycle and EA"'-’"' 9-1-5

[Solution] [Discus

(c) the net power output (Whet) in MW.

* Clicking on the

Open Vapor Power Cycle: Ideal Rankine Cycle schematic displays
an animation that
Ideal Rankine Cycle: Energy Analysis relevant to
----------- 1: u-rl;i;e——--' The enclosed area is p u nderSta nd the
transfer into the cycle
@ net wor| pro_duced by t prOblem'
t ) o
* Click again to close

Boiler @_

the animation.

Condenser Cold TER

__ __________________ 1 > 5

* TER: Thermal Energy Reservoir 4-1: Constant pressure heat addition in the boiler.



Problems Module — Check Your Answers and Monitor Outcome Based Progress

9-1-5 [OPZ] A steam power plant operates on the simple ideal Rankine cycle. Steam enters the turbine

S
o

s diagram. If the mass flow rate () is 10 kg/s, determine (b) the thermal efficienc

and (c) the net power output (W) in MW.

Ansiy

[ My Solution ]Dutcome Based Learning Progress Report

Problem Type: Extra-Credit Problem: Once you solve the preceding key
this section, solve extra-credit problems to gain mastery o
learning outcome) and improve your TEST rank.

at 4 MPa, 500°C and is condensed in the condenser at a temperature of 40°C. (a) Show the cycle on a T-

Status: w Not yet attempted! Number of Attempts: 0;
My Answers: Difficulty rating [1], # of attempts, and hints [eqv. to 3 att
your score.
Part Answer Value Unit Weight (“fo)[
(a) ‘ \ Yo 50
(b) | | Mw 50

* Clicking the probleh

number takes a user
to a grade sheet.

An answer can be
verified and
recorded.

TEST will update an
outcome based bar
chart.

Also a progress
report will be
updated.

J




Problems Module — Discussing a Problem

MNISWENS. \d) L5 Yo, D) L0070

9-1-5 [OPZ] A steam power plant operates on the simple ideal Rankine cycle. Steam enters the turbine at R rj l:hr—
4 MPa, 500°C and is condensed in the condenser at a temperature of 40°C. (a) Show the cycle on a T-s o

[—|—1—|fK T

(3} -

diagram. If the mass flow rate (m) is 10 ka/s, determine (b) the thermal efficiency (n4, ) of the cycle and Aﬁfm. 9_1"_

(c) the net power output (Whet) in MW.

[Solution] [Discuss]

/ P4 @ | More Action.. v |

0

Posi O Question @ Comment From: |Prof. Subrata Bhattacharjee | U An

Click here to post a question or comment on this problem. To respond t
click the Reply link under the comment.

T & 703 Jul 16, 2013; Prob-0OFPZ, Chap-9, Problems, Steam Power ; Mr. Kush Gupta \

Use the discuss link
to seek helpona
particular problem

~

)

| have solved this problem manually and using the daemon and my answers were marked correct by TEST.

delete thread

k(Originating page: Chapter 9) tag reply edit archive




Problems Module — TEST and Manual Solutions

9-1-5 [OPZ] A steam power plant operates on the simple ideal Rankine cycle. Steam enters the turbine at

fo
Y a MPa, 500°C and is condensed in the condenser at a temperature of 40°C. (a) Show the cycle on a T-s

diagram. If the mass flow rate (m) is 10 kg/s, determine (b) the thermal efficiency (nh

[Solutio n] [Discuss]

(c) the net power output (Whet) in MW.

Answers: (b) 37.64%, (c) 12.324 MW

TEST Solution [ Manual Solution ]

Mote: If you detect any error in the solution (if it is available and displayed below), please report it to
supporti@thermofluids.net. We appreciate your input!

Z N :
/ \ / * Users with Appropriate Privilege \

189 o kikg X can access the manual and
TESTapp-based solutions.

20983

State-1 (given p,. T ):

h=344519 . 5 —70000 . _
kg kg-K e Solutions to examples are
State-2 (given 7.5, = 5,): \_ available to all users. -
KJ K
hrgue 16757 (= Iipguc =2406.72 -
kJ kJ
ngwc =0.5725 kg_-K; S}'E‘@WC =T7.6847 ﬁ;

xz _ S: _Sf@‘ﬂ}'c _ 70930_0_5?25 — 018-‘81’

- e oa e




Problems Module — Creating a Group

Problems Module: Interactive Problem Solving

Properties g
Chapter * You can create a group and using the group id members of your
group can join the group.
Steady
Systems
Chapter- * Thereafter you can use TEST to generate progress report.
Unsteady,
cr?;;t::: * You can drill down to the details on exactly when a particular
group member solved a problem, watched an animation, or used
Exergy
Chapter-b. a TESTapp. /1
| fnaines Reciprocating closed power cycles (Otto, Diesel, etc.) fas Dynamics High speed flow of gas
Chapter-7 P 9 P Y ! P Chapter-15 gn sp g

= Create Groups and Monitor Progress

7

Group name or id..

| Select an Action

-
Select an Action

My Active Groups: (subrata@tnermo.sdsu.edu:me“ Generate Group Progress Report ~ du:me350-f21) (subrata@therm

(subrata@thermo.sdsu.edu:me350-s21) (subrata@LeEEEICHY R (ole[(CELRR{E ooy ibrata@thermo.sdsu.edu:me351
(subrata@thermo.sdsu.edu:me350-sum20) (subralESRUCEE S CEC Ty 2) (subrata@thermo.sdsu.edu:

Create Group v | for | me351-s18

(subrata@thermo.sdsu.edu:me351-iSul19) (subrata@thermo.sdsu.edu:me350-iSu19) (subrata@thermo.sdsu.edu:me



s Create Groups and Monitor Progres

Problems Module — Generating a Report

Proaress Renort for Groun: me351-s18

(@)

range of dates, a particular chapter, or a problem set, etc.

on the name

1. JASMINE

2. Dylan

3. Matthew

4. BINH

CHENG

Doan

Keegan

VU

5. Ryan

Butler ]

6. El

Tagger \\\‘

It is easy to sort the group by any columns

For detailed information on a particular group member, just click

You can filter the report based on many specifications such as a\

/

306
206
214
209

177

/ 188

279

180

207

184

170

173

275.71

174.20

169.46

156.59

145.77

145.15



Problems Module — Generating Personalized Report

dishonest practice to solve homework.

* Details are at your fingertip, making it difficult for students to use

~

5. Ryan Butler rsb1997@hotmail.com

177 170

0 145.77

Solution Record:[ ] SNyl g s E e 8N (To close this report, click on the highlighted row above.)

0.0

Problem Number Last Attempted No. of Attempts
0-1-4 [UF] Aug 29, 2017 1
0-1-16 [XE] Aug 29, 2017 5
0-2-8 [XQ] Sep 1, 2017 8
0-3-2 [UG] Sep 1, 2017 3

Yes

Yes

Yes

Yes

Solved Correctly

1.00

0.66

0.60

0.81

Points Earned




TESTapp Module — The workhorse of TEST
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TESTapp Module— Calculators Organized According to Thermodynamic Assumptions

Y A Notsecure | thermofluids.net

TESTapps Map: A Clickable Navaigation Map of Thermodynamic Calculators °
Home » TESTapps
( TESTapps: Thermodynamic Calculators for Comprehensive
Analysis of States, Systems, Processes, and Cycles
| i
Basic Tools System Analysis Staf
| J—' .
uoﬁf: Closed Systems  Open Systems ‘ System States
DeskCal Unit Con.verter
Closed Urlstery Processes Closed Open Of
| | Q Unsteady
Specific Generic Steady Cycles Processes
[ | |
[Simple Processes] [ Non-Mixing Processes ] { Semi-Mixing Processes ] Mixing Proce
HVAC
[ IC Engines and } Eé [ Combustion and ] .
¢

Reciprocating Cycles

Chemical Equilibrium

Psychrometry

[Single—FIow Systems] [Non-Mixing Multi-Flow Systems ]

TESTapps are
thermodynamic
calculators.

Organized in a tree
structure that
shadows
simplification of
systems.

Complex TESTapps
build upon simpler
ones.

[Mixing Multi-Flow Systems}

Vapor Power and
Gas Power Cycles

Vapor Compression and
Gas Refrigeration Cycles

Psychrometry

Combustion and
Chemical Equilibrium

High-Speed Flows

[

[ [ [

S

( AY

Property Tables Animations

Interactives TESTapps Problems Forum Tutorial MyAccount -E

\_ ]




A Simple TESTapp — The DeskCal

 All TESTapps have\
similar format with

< C 0 A Notsecure | thermofluids.net o @ B % &
DeskCal: Programmable Engineering Calculator 3 ta bS.
Home » TESTapps » DeskCal
DeskCal Hands-On Examples T Discussion ] @ .
* Letusdoasimple

TESTapps can run on any device with a modern browser without the need for any special plug-in.

DeskCal- A simple scientific calculator: V- hr © 1998-2021 S. Bhattacharjee calculation: findin g

iniize © the hypotenuse of a

_ S _ right-angled
#----find the hypotenuse of a right angled triangle with sides 3m and 4m respectively.

am=3, triangle.

bm=4;
cm = sgri(am™2+bm"2);

(@ Enter key as Calculate | m

Inerpreting User-Codes entered in the Input Area above...

OU'
II

3=3;
4 =4;
sqrt(a

m"2+bm*2) = 5;

N\
@ Home Property Tables Animations Interactives Wlems Forum Tutol
(




Another Rudimentary TESTapp — The Engineering Unit Converter

ConverterPlus Engineering Unit Converter

Home » TESTapps » Converter Plus

ConverterPlus Hands-On Examples T Discussion 1 O
TESTapps can run on any device with a modern browser without the need for any special plug-in.

FAVORITE FREQUENT 10

%  Measures

Bigha Kani <«

Customize w

 Search Engineering\
Unit Converter in
GooglePlay for your
Android device

acre

circular mil

e How smallis 2
Bigha Jami’

/

+ Add Measure to FAV



TESTapps — Launching a State TESTapp

System-State TESTapps: Select a Material Model
Home » TESTapps » System-State

Select a Model Relevant Animation ] @

You can switch among the tabs above without affecting the state of your calculations.

System-State TESTapps

Gas Models L&

PC Model

l
Gas Mixture Models

;.w=. Rl: f:v;:.}ii{ Binary Mixture General Mixture
1G Model RG Model
[ P | | |
., 0 * st g #0® . 0" e 0" A=B-+C
¢p = const p'= R el GpEcont | [ SR C=D-E
PG+PG Model) \IG+IG Mode G+RG Mode n-PG Model n-IG Model n-1GE Model
T e Select a suitable thermodynamic model.

A Using the Back button will take you to the home page

@ Home Property Tables Animations Interactives TESTapps Problems Forum Tutorial MyAccount -




State TESTapp — Calculate a State Directly with Flow-State TESTapp

Flow-State TESTapps: PC (Phase-Change) Model
Home » TESTapps » FlowState » PC Model

PC FlowState TESTapp Hands-0On Examples T Discussion Forum ] @ | Unit Converter

TESTapps can run on any device with a modern browser without the need for any special plug-in.

IMove mouse over any widget (buttons, menu, tabs, etc.) to see helpful tip at the bottom help panel and more precise value at this top help panel.

® Mixed O Sl OEnglish (O Include Exergy | (O Hide Explanations | RS PNECE B0 (=18 © 19982021 S. Bhattacharjee

Graphics Panel T 1/0 Panel ]@

TESTapp: PC-Model, Flow-State: V- iu

Inttialize @ @ @ H20O w Phase: Superheated Vapor

- ©State-1 w| » Calculate
pt T1 O x1 ]yt O w1 O rhot
MP; ~ Q‘- | frac v frac w mt: w -I
-Du‘! O h1 .E]sf =V9H 8 z1 O et
O j1 ] _mdot7 1 Vvoldot7 O A1 M1

DOOC'OOO
I:Doaoaool:b
DUOE!OUO
L
|

H20

Mat

Extr

clicking anywhere on this panel.

Help: For context sensitive instructions

Keep an eye on this message box for tooltip,
message will appear here. Some important I

@ Home Property Tables

Animation

— pc.y/

Given p1=4 Mpa; T1=500 deg-C; determine h1 and s1.
Click the checkbox to enter a property. Checkboxes
tests property dependency and does not allow over-

specification of a state.

Click Calculate to evaluate the state.

~

/




TESTapp — Visualize the Calculated States

Flow-State TESTapps: PC (Phase-Change) Model
Home » TESTapps » FlowState » PC Model

PC FlowState TESTapp Hands-On Examples T Discussion Forum ] @

TESTapps can run on any device with a modern browser without the need for any special plug-in.

Move mouse over any widget (buttons, menu, tabs, etc.) to see helpful tip at the bottom help panel and more precise value at this top help pane

| State Pang

T-s

CS

® Mixed O S| OEnglish [0 Include Exergy | (O Hide Explanations | EEHIN=EeEIECl RICANTEIN © 1998
[/O Panel | @

TESTapp: F

vl Join States I x: log/linear I y: log/linear I Flip Axes I

p=C

= 5=0C u=0_C tr

1000

800

600

T K

400

200

Thermodynamic Plot: T-s Diagram: H20

0

2.5

5

s, kl/kg.K

7.5

10

Zoom: I n I out I xMin: l — I . I xMax: - yMin: - yMax -

You can select from a
number of
thermodynamic plots
such as the T-s diagram.

* Draw constant-property
lines through any
calculated state.

\_

~

/
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State TESTapp — Using Variables Instead of Hard Numbers

PC FlowState TESTapp Hands-On Examples T_
PC Flo tate TESTapp Hands-On Examples T Dist TESTapps can run on any device with a modern browser without t

TESTapps can run on any device with a modern browser without the r | Move mouse over any widget (buttons, menu, tabs, etc.) to see helpful tip :

Move mouse over any widget (buttons, menu, tabs, etc.) to see helpful tip at the | © Mixed O SI O English (O Include Exergy | [ Hide Ex

® Mixed O'SI O English (O include Exergy ] (0 Fide Explane | S Fore! | e rone ©

e ot ©
| State Panel Graphics Panel T I/O Panel ] i )
#----User-codes block (do not alter this comment line).;

@—-—-given data: |
@State-1 | » Calculate o1MPa = 4

T1degC = 500;
x1 Yo
h1kJpkg= h1;
deg v frac s1kJpkgK = s1:

7

& p1

O w1 O hi O s1 |0 Enter key as Calculate | ﬁ
- Interpreting expression(s) or user-codes entered in the Inp:
O Jji O mdot1 (J Voldot{ p1MPa = 4 = 4:
- klJik w kg/s w mhe T1degC = 500 = 500;
h1kJpkg = h1 = 3445.18701171875;

s1kJpkgK = s1 = 7.089969158172607;

* Inthel/O panel, declare p1MPa=4 ; T1degC=500 deg-C; determine h1 and s1.

e (Calculate to register the values, which appear in the output panel below.

e Use those variables (in appropriate unit) in the state panel.




State TESTapp — Super-Calculate for a Solution Report and TEST-codes

N\

4
@ Mixed O SI O English (O Include Exergy | (0 Hide Explanations | l Super-Calculate m
[ State Panel T Graphics Panel @
2

States | \ . .
State-1- H20: PC-Model. e After any solution, click Super-
Given: {p1="p1MPa" l¥Pa; T1 ="T1degC" deg-C; Vel1 =0.00 m/s; z1 =0.00 m; } Calculate to generate a SOlUtion
' :
#-—-User-codes block (do not alter this comment line).; macro Ca”ed TEST'COdeS In the
#—given data; upper (input) panel and a
piMPa = 4; .
T1deqC = 500, detailed report on the lower
#-—answers, (output) panel.

h1kJpkg= h1;
Ks*lkakgK:st /
[C] Enter key as Calculate ] M pat@pat.com * TEST_COd_eS contain all the
e e information used to solve the
Statet-H20 > PCModel \ problem and can be used later

Given: p1 = "p1MPa" MPa; T1 = "T1degC" deg-C; Vel1 = 0.00 m/s; z1 = 0.00 m; to regenerate a solution.
Calculated: v1 = 0.08643 m*3/kg; rho1 = 11.57 kg/m*3; u1 = 3099 kJ/kg; h1 = 34|
s1 = 7.090 kJ/kg.K; e1 = 3099 kJ/kg: j1 = 3445 kJ/kg; MM1 = 18.02 kg/kmol

* Simply paste the code back in

_ , | _ the input panel and click Load.
#----Detailed Output from user-codes (Sl-unit values are used for properties used, if any):

pIMPa =4 =4;

T1degC = 500 = 500;

h1kJpkg = h1 = 3445.18701171875;
s1kJpkgK = s1 = 7.088969158172607;

D Home Property Tables Animations Interactives TESTapps Problems Forum




PC SingleFlow TESTapp Hands-On Examples T Discussion Forum ] @

TESTapps can run on any device with a modern browser without the need for any speci}l//

Device TESTapp — Use States to Construct a Turbine Analysis

\,
4 | @Device-1[1-2] v| > Calculate Initialize @ Device 1
Qdot \ O sdotGent TB1

[ () WdotExt1

A |

TB1 State-2 w /

lSet Up the Open-Steady Device @ _

Se

by
g‘m\solving the energy equation/

Move mouse over any widget (buttons, menu, tabs, etc ) to see helpful tip at the bottom help pan/ ° | n an isentropic tU rbl ne Steah
’
@ Mixed O Sl O English [[] Include Exergy ] [E] Hide Explanations ] m

[ State Panel T Graphics Panel I/O Panel | @

enters at 4 Mpa, 500 deg-C,
with a mass flow rate of 10 kg/s
and leaves at 40 deg-C.
Determine the power output in
MW.

Evaluate two states: state-1
and state-2 for the inlet and
exit.

In the Device Panel, load the
states, enter the adiabatic
condition, and Calculate the
turbine power as 12.3 MW

? Home Property Tables Animations Interactives TESTapps Problems Forum Tutorial




Device TESTapp — What-if the Turbine Inlet Temperature is Increased?

® Mixed O Sl O English [[:] Include Exergy ] [C] Hide Explanations ]

State Panel T Graphics Panel T Device Panel IO Panel @

Super-Calculate ] Super-Initialize

e o O

Given: {Qdot1 = 0.00 kW; TB1 = 298 150 K; }
}

--—-User-codes block (do not alter this comment line) ;

----given data; Let state-1 be the inlet and 2 the isentropic exit;

#

#
OTWPE - 4,

[ T1degC = 600, ]
T2degC = 40
mdotkgps =10;

H---answer,;
powerCutputhW = WdotExt1/1000;,

| @ Enter key as Calculate |

p1MPa =4 = 4;

T1degC = 600 = 600;

T2degC =40 = 40;

mdotkgps = 10 = 10;

powerQutputMW = WdotExt1/1000 = 13.78373291015625;

#----Detailed Output from user-codes (Sl-unit values are used for properties use

~

* Now suppose the turbine inlet
temperature is increased from
500 deg-C to 600 deg-C. What
would be the power output in
kW?

 Simply Change T1degC to its
new value in the I/O panel and

Super-Calculate.

e The new poweris 13.78 MW

as opposed to 12.36 MW for

the baseline case.

Armel Arrar e e e e

I v e e emem e meeasmses booos far taaltbin o et

N Home Pronertw Tahleg Animatinns

Help: For context sensitive instructions, click the help (encircled '?') button

A vimin bimnrme tho maimtor sacme A vsariakble e b

Interartives m Prohlems

Foriim Tutnrial



Vapor Power TESTapp — A Rankine Cycle Based Power Plant Simulation

g

=

9. Open Vapor Power Cycles

¢

9-1-5 [OPZ] A steam power plant operates on the simple ideal Rankine cycle. Steam enters the turbine at 4 MPa,
500°C and is condensed in the condenser at a temperature of 40°C. (a) Show the cycle on a T-s diagram. If the

mass flow rate (m) is 10 kg/s, determine (b) the thermal efficiency (ny, ) of the cycle and (c) the net power output

(Whet) In MW.

Home » TESTapps » PowerCycle » PC Model

PC PowerCycle TESTapp Hands-On Examples T Discussion Forum ] @

| Unit C

TESTapps can run on any device with a modern browser without the need for any special plug-in.

Move mouse over any widget (buttons, menu, tabs, etc) to see helpful tip at the bottom help panel and more precise value at this top help panel.

State Panel T Graphics Panel T Device Pane

@ Mixed OSI OEnglish [0 Include Exergy | [[J Hide Explanations |  [ESVSeE ST Bl NITSENT=70 © 19982021 S Bhattac
e - 0

TESTapp: PC-Model, Open-Power-

0, =3 max(0,.0)

k=1

O =3 min(0.0) O =00 ~0u

Wut =§m(”}mx,0); W" =_§min(w‘“-"’0); W“" =W°"‘ _W";

_V'§

E @Cycle-1 VE] Calculate Cycle Status:  complete
Cycle Type:  power-Cycle v
Qdotint QdotOutt QdotNet1 Wdotin1 WdotOutt f WdotNet1
BWR1 etaTh1 TMax1 T™Min1 pMax1 T pMint |
etaCarnot1 SdotGenNet1
Power-Cycle Equations:

Soluﬁon] [Discuss]

~

Once all the
devices —
turbine,
condenser,
pump, and,
boiler are
analyzed, the
cycle is
completed and
overall cycle
results are
displayed in the

cycle panel. /

W, W, .
BWR=—2%: p =_t: p =-]__ma.- §
) Home Property Tables Animations

Interactives TESTapps Problems

Forum

Tutorial MyAccount I




Vapor Power TESTapp — What if the Maximum Temperature Increases to 600 deg-C?

PC PowerCycle TESTapp Hands-On Examples T Discussion Forum ] @ (—L

TESTapps can run on any device with a modern browser without the need for any special plug-in.

Move mouse over any widget (buttons, menu, tabs, etc.) to see helpful tip at the bottom help panel and more precise value at this top help panel.

@ Mixed O Sl OEnglish [0 Include Exergy | (O Hide Explanations | SIS MeE e =l oo e i 728 © 19952021 S Bh:
)

State Panel T Graphics Panel T Device Panel T Cycle Panel I/O Panel TESTapp: PC-Model, Open-Pc

Calculate Isolate User-Codes m @ / He-a et - ’\
°

7~

F--—-given data, Lel slale-1 De [ne Iniet and £ e 1Sentropic exIrt,

iPe et How would the
efficiency be
affected if the

mdotkgps =10;

#-—-answers; m axi mum
efficiencyPct = etaTh1; .
powerOutputMW = WdotExt1/1000: tem pe rature iIs

raised to 600

| @ Enter key as Calculate | “ pat@pat.com deg-C?

' #---Detailed Output from user-codes (Sl-unit values are used for properties used, if any):

p1MPa =4 = 4; « Simply change
T1degC = 600 = 600; .
T2degC = 40 = 40; TldegCin the
mdotkgps = 10 = 10; |/O pane| to new
value and Super-

efficiencyPct = etaTh1 = 39.235597970468255;
Problems Foru\n\ Calculate. /

powerOutputMW = WdotExt1/1000 = 13.78373291015625;

@ Home Property Tables Animations Interactives




There is an App for Every Thermodynamic Problem
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System State TESTapps — Many Thermodynamic Models

Based on the working substance, select an appropriate model to
launch the system state TESTapp..

System-State TESTapps

Gas Models L&
PC Model

| |
Pure Gas Models Gas Mixture Models

El;: .‘R;E-
IG Model

| |

Binary Mixture General Mixture
| , | | |
® ., n ® ., o sty 90t * e 8" LA B R A=B-C
G = const gt 4 AR A cpEcomt || gy KT C=D+E
PG+PG Model/ | 1G+IG Model G+RG Mode n-PG Model n-1G Model n-IGE Model

: MA Model }



Closed-Process TESTapps — Built Upon System State TESTapps

 The Simple Process is when the beginning state and the final state
can be represented by just two unique states.

* Non-Mixing Process may involve more than one beginning or final
state without the subsystems mixing.

* Semi-Mixing Process may involve more than one beginning or final
state without the subsystems partially mixing.

 Mixing Process may involve more than one beginning state but a
single final state.

|
| l I |

|Simp|e Processes] ‘ Non-Mixing Processes ] { Semi-Mixing Processes w ‘ Mixing Processes




Specific Closed-Process TESTapps — Built Upon Process TESTapps

The reciprocating engine cycles (Otto, Diesel) apps cover Sl and Cl
engines.

Moist air undergoing a closed process is analyzed by the closed
HVAC app.

The combustion and chemical equilibrium apps in this branch deals
with combustion in a closed system.

d ) HVAC )
IC Engines and r_—é ( Combustion and
b

Reciprocating Cycles psychrometry Chemical Equilibrium
A

\ A




Flow State TESTapps — Many Thermodynamic Models

Based on the working substance, select an appropriate model to
launch the flow state TESTapp..

System-State TESTapps

Gas Models L&
PC Model

| |
Pure Gas Models Gas Mixture Models

El;: .‘R;E-
IG Model

| |

Binary Mixture General Mixture
[ ] l |
4
., n ® ., o .o._:"é;- '!.l ..:‘Q}'
C.,=Eon§l_ "I'ZV‘.RI- EJ.V=;".-: %’_Eorﬁ:' _I.?V- » C=D+E
PG+PG Model/ | 1G+IG Model G+RG Mode n-PG Model n-IG Model n-IGE Model

: MA Model }



Open-Steady Device TESTapps — Built Upon Flow State TESTapps

* The Single-Flow Systems have only one flow flowing through the
system at steady state. Examples: turbine, pump, nozzle,
compressor, etc.

* Non-Mixing Multi-Flow Systems have at least two flows which are
not mixing. Example: A closed-type heat exchanger.

* Mixing Multi-Flow Systems have at least two flows which are
mixing or separating. Example: A mixing chamber.

|
| I |

[Single-Flow SystemsJ [Nﬂn—Mixing Multi-Flow Systems } {Mixing Multi-Flow Systems




Specific Open-Steady TESTapps — Built Upon Open-Steady Device TESTapps

 The vapor power and gas power cycle apps (Rankine and modified
Rankine cycles, Brayton and modified Brayton cycles) apps builds
on open-steady device apps.

 The vapor compression and gas refrigeration cycle also build on
open-steady device apps.

« The HVAC app is based on the moist-air (MA) model and can be
used for air-conditioning and other psychrometric applications.

 The combustion and chemical equilibrium apps are some of the
most advanced apps offered by TEST.

 The gas-dynamic app is used for high speed flow (supersonic)
analysis.

HVAC High-Speed Flows
Vapor Power and Vapor Compression and [ él Combustion and >ﬂ:
Gas Power Cycles Gas Refrigeration Cycles Psychrometry Chemical Equilibrium Gas Dynamics

[ I I I




Thank Youl!
Questions?

du Chatelet is credited with the first experiment ever to distinguish
momentum from Kinetic energy (to the vexation of Sir Isaac Newton). The
following quote is from Wikipedia:

Voltaire, one of her lovers, declared in a letter to his friend

King Frederick 11 of Prussia that du Chatelet was "a great man whose only
fault was being a woman".
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