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1. WARRANTY CERTIFICATE

Supply of POOL BOILING HEAT TRANSFER APPARATUS TH-111

The above instrument is warranted to be free from defects in workmanship and material and if it proves
so defective within 15 (Fifteen months) calendar months from the date of shipment to the original
purchaser, named above it shall be repaired or replaced free of. charge provided

The Purchaser sends promptly to M/s. SCI-TECH ENGINEERING PRIVATE LIMITED

102, Regency, New Link Road, Dahisar (West), Mumbai 400 068. INDIA, notice of defect and
satisfactory proof thereof as abolishing that the instrument has been properly maintained and operated
within the limits of rated capacity and normal usages, and

e Assumes the obligation of all expenses of returning the defective instrument, properly packed to
the Factory at the address given in (a) above, if required.

On parts of products incorporated in the instrument but not manufactured by M/s. SCI-TECH
ENGINEERING PRIVATE LIMITED, this warranty is limited to extending to the purchaser the
same warranty as given by the supplier of such part or products.

This guarantee dose not covers consumable parts such as Bulbs, Fuses, and Rubber Seals etc.

Under the circumstances shall M/s SCI-TECH ENGINEERING PRIVATE LIMITED, have any liability
whatsoever for loss of use or for any indirect or consequential damages.

We can only undertake to send our men to a distance to investigate and put right alleged defects on the
distinct understanding that we are paid for their time and expenses in every case.

M/s. SCI-TECH ENGINEERING PRIVATE LIMITED decision about repairing or replacing the
equipment or its parts will be final and binding on all concerned parties.

Unless superseded or in contractual form, this warranty is made expressly in lieu of all the other
liabilities and obligations on our part.

For SCI-TECH ENGINEERING PRIVATE
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2. Description

2.1 Introduction

The pool boiling heat transfer apparatus is used here to calculate critical
heat flux (CHF) of the test specimen. Critical heat flux (CHF) is an important
criterion in nuclear reactor safety and the efficiency of boiling heat transfer.
This parameter is known to be dependent of the surface roughness and the
wettability of a material that is in contact with boiling fluid. Generally, CHF
enhances with increasing surface roughness and wettability.

The unit comprises of pool boiling chamber made of polycarbonate
equipped with water heater, copper blocks, PEEK insulation block, copper
electrodes & test specimen.

For calculating CHF of each test specimen unit comes with DC power
supply of 10volts & 1200A, for supplying power to specimens through copper
electrodes inside pool boiling chamber.

For analyzing data and controlling voltage of power supply DAQ device
is available with data acquisition software which can connect to
laptop/computer via USB cable.

For controlling heater power regulator is mounted on panel, for
visualizing power supply data remote control is available & to change power

manually via POT. More description of components we will see below.
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2.2 Pictorial Description
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2.3 Description of the process
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Pool boiling heat transfer apparatus Model TH-111, is designed by
SCI-TECH to study characteristics & parameters of critical heat flux (CHF)
of different surface test specimens. The objective of this unit is to calculate
CHF of bare specimens and oxidized specimens.

» Sample preparation: In this unit test samples were using of two types
of same grade stainless steel 304L (certified) as NS (Non treated
specimens) & OS (oxidized specimens). The non-treated specimen was
mechanically polished using different grades of ultrafine sandpaper (i.e
320, 600, 800) so we have three types of NS specimens. The oxidized
specimens were prepared as follows: non treated specimen was put into
a furnace set to target temperatures of 300, 450 & 600 deg C,
respectively, and gradually heated up. The average heating rate was
about 2-2.5 °C/sec. the furnace maintained at a given temperature
condition for 10min, and then slowly cooled down to about 30 °C. the
average cooling rate was about 2-3 °C/min. Finally, three kinds of
oxidized test specimens obtained as minimum furnace temperature was
300 °C and higher furnace temperature 600 °C. In this way we have
prepared all test specimens as NS (fresh) no treated & OS oxidized
surface.eg OS-SP320(450 °C) indicated test surface grounded with
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grade-320 sandpaper & oxidize at 450 °C. eg, as B-SP320 indicated test
surface grounded with grade 320 sandpaper only.

» Experimental setup: A schematic of pool boiling unit and design of test
section used 1in the study are shown in above figure 2. The experimental
procedure for pool boiling is starts with test specimen preparation as
already discussed in previous paragraph. Next step is to fill distilled
water in pool boiling chamber and heat the distilled water until
saturation temperature of water it will take approximately 60min for

saturation from its environmental temperature.

After heating the water test specimen of NS or OS fitted between
test copper blocks, insert into pool boiling chamber and clamp it with
copper electrodes and top cover of chamber. Now we have to supply DC
power to the specimen through electrode so set voltage and current in
remote control of power supply and start the experiment.

For controlling and visualizing electric panel is situated at left top
corner and DAQ device is connected with PC via USB which shows the

all data in DAQ software.

The length, width, and thickness of test material were 45, 10, and 2

mm, respectively. Heat transfer surface area was 25x10 = 250 mm?2
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because rest 10 mm of both sides were connected with copper electrodes
and copper cover for electrical contact. Polyether ether ketone (PEEK)
and epoxy were used for thermal and electrical insulation. A K-type
thermocouple was attached underneath the samples to measure inner

wall temperature. Voltage taps were attached to the Allen screws at each

side to measure voltage drop.
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2.4 Specifications

The elements of Pool boiling heat transfer apparatus listed below:

» Pool boiling chamber:
e Size: 300mm x 300mm x 300mm

e Material: Polycarbonate 8mm thick
» Immersion Heaters:
e Type: U type cartridge water heater continuously adjustable.
e Material: S.S304
e Capacity: 500 watts => 02nos.
e Capacity: 1000 watts = 02nos.
» Test section:
e Copper blocks = 02nos
e Copper cover 2 02nos
e Polyether ether ketone PEEK block = 01nos

e Test specimen:
» Material: Stainless steel grade 304L
= Size: L-25mm x W-10mm x T-2mm
= Quantity: Each 10 with different surface finish and NS & OS
» DC power supply:
e Type: Switched mode power supply
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Output: 0-10volts & 1200A DC

Regulation: 0.5% to 1% at full load

Efficiency: 85% - 95% at full load

Cooling: forced air cooled

Remote control: Digital voltmeter & ammeter with 3m flexible

connection cable from main power supply unit.
» Data acquisition device:

Make: National Instruments

Model: NI USB 6001

Inputs: 8 analog input

Output: 2 Analog output
» Test matrix:

e Non treated specimens:
o NS-320, NS-600, NS-800 (Bare specimens’ ground with
sandpaper grade 320, 600, 800 respectively)
e Oxidized specimen’s:

300°C 450° C 600° C
320 Sand paper | OS-SP320(300°C) | OS-SP320(450°C) | OS-SP320(600°C)
600 Sand paper | OS-SP600(300°C) | OS-SP600(450°C) | OS-SP600(600°C)
800 Sand paper | OS-SP800(300°C) | OS-SP800(450°C) | OS-SP800(600°C)
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2.5 Dimension & Weights
> Process unit:

e Dimensions: 1200 x 800 x 1600 mm (LxWxH) approx.
e Weight: 120 kg. approx.

» DC power supply:
e Dimensions: 2400 x 1500 mm approx.
e Weight: 45Kg. approx

2.7 Required services

» Power supply: 220volts, SOHz, Single phase for process unit.
» Power supply: 415volts, S0Hz, Three phase for DC power supply.
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3. Installation Procedure

3.1 Process unit installation:

. Remove the packing material and clean the components with dry
clothes.
. Please check the components as per enclosed component list and given

specifications.

. Keep the trainer on rigid surface

. Fill the pool boiling chamber with distilled water.

. Provide single phase 220 V AC supply at 50 Hz Frequency & with
proper Earthing/Grounding to the trainer.

. Provide single phase 415 V AC supply at 50 Hz Frequency & with
proper Earthing/Grounding to the Power supply unit.

. Switch ON the mains for checking proper supply of electricity.

. Connect flexible pipes in drain of pool boiling chamber.

. Installation is finish and ready for operation.

We hope that you enjoy using this experimental unit from SCI-TECH
educational trainers’ range & wish you success in your important task of
introducing students to the fundamentals of technology.
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3.2 Data Acquisition software installation:
» Installation of NI VISA 1700:

7 NI-VISA 502 Runtime o] & (=

ni.com/visa

NI-VISA

National Instruments VISA Software

Exit all applications before running this installer.
Disabling virus scanning applications may improve installation speed.
This program is subject to the accompanying License Agreement(s).

National Instruments Corporation is an authorized distributor of Microsoft Silverlight.

<< Back [ Next >> l\] [ Cancel ]
s

Click “Next”

3 NI-VISA 5.0.2 Runtime B [

n Directory NATIONAL
e primary installation directory. "‘?;NSTRUMENTS

M ational Instruments software will be installed in a subfolder of the following. To install into &
different folder, click the Browse button and select anather.

Destination Directorny
C\Program Files\National Instruments | [ Erowse.

<¢ Back ][ Mext 2 r\r] [ Cancel
]
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Its recommended to install NI-VISA to the proposed folder, click “Next”
5l NEVISA 50.2 Runtime _ =l e
yNATIDNAL

the features to install.

INSTRUMENTS

== | MIAISAB0.2 Mational Instrurnerts YISA driver wersion 5.0.2. WS4
[ QI Run Timea Suppart pravides an AP for controlling %<1, GPIE, Serial. Fx]
P = and other types of instruments.
GPIE
Serial
Ethemet
Femote igi_éﬂ DDDD ‘#
Enet-5erial
LsE This feature will be installed on the local hard drive.
GPIBA [Legacy)
TULIP
COM Support

This feature and its zelected subcomponents may
require up to 3.00 MEB of disk space.

Directory for NIAISA 5.0.2
C:\Program Filag'\IV| FoundationW1SA Browsze...

[ Restare Feature Defaults ] [ Disk Cost ] [ << Back ][ Mext »> ,\J [ Cancel ]
Lo

In this screen the required components are being selected. USB is required for
the Beam Profiler control, Serial (RS232) for control of the translation stage
used for M?measurements.

L NI-VISA 5.0.2 Runtime

must accept the licenze(s) dizplaped belor

e Agreement . VNAT[DNAL

INSTRUMENTS

NATIONAL INSTRUMENTS SOFTWARELIZENZVERTRAG

HINWEIZ FUR DIE INSTALLATION: DIES IST EIN VERTRAG. BEVOR SIE DIE SOFTWARE
HERUNTERLADEMN UMD/ODER DEM INSTALLATIONSPROZESS ABSCHLIESSEN, LESEN SIE
DIESE VEREINBARUNG SORGFALTIG! DURCH DAS HERUNTERLADEN DER SOFTWARE
UNDIODER AMKLICKEN DER VORGESEHENEN SCHALTFLACHE ZUM ABSCHLUSS DES
INSTALLATIONSPROZESSES, ERKLAREN SIE SICH MIT DEN BESTIMMUNGEN DIESER
VEREINBARUNG EINVERSTAMDEN UMD AN DIESE GEBUNDEN. WENN SIE NICHT
VERTRAGSPARTEI DIESER VEREINBARUG WERDEM UND NICHT AN ALLE
VERTRAGSBEDINGUNGEN GEBUNDEN SEIN MOCHTEM, KLICKEN SIE AUF DIE DAFUR
VORGESEHENE SCHALTFLACHE, UM DEN INSTALLATIONSPROZESS ABZUBRECHEN, UND
INSTALLIEREN UND BENUTZEN SIE DIE SOFTWARE MNICHT, SONMDERN SENDEN SIE SIE
INNERHALB VOMN DREISSIG (30) TAGEM MACH ERHALT (EINSCHLIESSLICH ALLER.
SCHRIFTLICHEN BEGLEITMATERIALIEN UND VERPACKUNG) DORTHIN ZURUCK, W0 SIE SIE
GEKAUFT HABEN. ALLE RUCKSENDUMGEN UNTERLIEGEN DER ZU DIESEM ZEITPUNKT

@) | accept the Licensze Agreement.

(71 | do not accept the License &areement.

<< Back ” et »» ,\‘J[ Cancel
1l
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Please read the Software License Agreement carefully, choose "I accept" and
click "Next"

L MI-VISA 5.0.2 Runtime ] &

se Agreement = . .- ‘?NAT[’DNAL
 must accept the license(s] displaped b pre , INSTRUMENTS

LICENSE AGREEMENT

BEFORE YOU CLICK ON THE ACCEPT BUTTON AT THE END OF THIS
DOCUMENT, CAREFULLY READ ALL THE TERMS AND CONDITIONS OF
THIS AGREEMENT. BY CLICKING ON THE ACCEPT BUTTON, YOU ARE
CONSENTING TO BE BOUND BY AND ARE BECOMING A PARTY TO THIS
AGREEMENT. IF YOU DO NOT AGREE TO ALL OF THE TERMS OF THIS
AGREEMENT, CLICK THE "DO NOT ACCEPT" BUTTON AND DO NOT
DOWNLOAD AND/OR USE THIS INTELLECTUAL PROPERTY.

Readers of this document are requested to submit to Interchangeable Virtual Instruments,
Inc. ("Licensor"), with their comments, notification of any relevant patent rights or other
intellectual property rights of which they may be aware which might be infringed by any

use of this intellectual property, software, or specification (the "Intellectual Property"), as -

@ | accept the License Agreement,

(1 | do ot accept the License Agreement.

’ <4 Back ” et > '\S” Cancel ]
A

Please read the License Agreement carefully, choose "I accept" and click
"Next"

L7/ MI-VISA 5.0.2 Runtime

) the following summary befare cont

INSTRUMENTS

: ..,.s_ﬁallation ! w NATIONAL

Upgrading
» MI4ISA B.0.2
Run Time Support
Senal
USE

Adding or Changing
« MI4ISA B.0.2

Click the Mext button to begin installation. Click the Back button to change the inztallation settings.

Save File...] ’ 44 Back ” Ment x> '\J ’ Cancel
=
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Click "Next", the software installation starts and may take a few minutes.

L NI-VISA 5.0.2 Runtime

E=E =N <)
lation Complete

Installation complete! You might be prompted to reboot your machine.

Click 'Finish'. The installation has completed successfully.
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» Installation of runtime engine 2017:

U NI LabVIEW Runtime 2017 2

ni.com/labview

BLabVIEW 2017

ement(s]

National Instruments Corporation is an authonized distributor of Microsoft Silverlight

NATIONAL
© 1986-2017 Mational Instruments. All rights reserved. INSTRUMENTS

‘ << Back Cancel
Click “Next”

24 NI LabVIEW Runtime 2017 2

Destination Directory
Select the installation directories.

Destination Directory

C:\Program Files {(x86)\National Instruments\

<< Back Next >> Cancel
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Its recommended to install Runtime to the proposed folder, click “Next”

U7 NI LabVIEW Runtime 2017 2

Features
Select the features to install.

NI LabIEW Runtime 2017 f2 Libraries and other files necessary to execute
NI Variable Engine LabVIE'W 2017-built applications and shared libraries.
DataSocket Includes NI Reports, 3D graph support, and a

; browser plug-in that allows clients to view and control
e n: ::IaSbIVIEW 2017 Deployable License front panels remotely using a browser.

NI System Web Server 2017

'ﬁ’ omp <

This feature will be installed on the local hard drive.

Directory for NI LabVIEW Runtime 2017 2

Browse

Restore Feature Defaults  Disk Cost << Back Cancel

Please read the Software License Agreement carefully, choose "I accept" and
click "Next"

3 NI LabVIEW Runtime 2017 f2

License Agreement
‘You must accept the licenses displayed below to proceed.

~

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY
DOWNLOADING THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF
THIS AGREEMENT. IF YOU DO NOT WISH TO BECOME A PARTY TO THIS AGREEMENT AND BE
BOUND BY ITS TERMS AND CONDITIONS, DO NOT INSTALL OR USE THE SOFTWARE, AND
RETURN THE SOFTWARE (WITH ALL ACCOMPANYING WRITTEN MATERIALS AND THEIR
CONTAINERS) WITHIN THIRTY (30) DAYS OF RECEIPT. ALL RETURNS TO NI WILL BE
SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. IF YOU ARE ACCEPTING THESE TERMS
ON BEHALF OF AN ENTITY, YOU AGREE THAT YOU HAVE AUTHORITY TO BIND THE ENTITY TO
THESE TERMS.

The software to which this National Instruments license applies is NI LabVIEW Runtime 2017 f2.

(®) | accept the License Agreement.

(O do not accept the License Agreement.

<< Back I Next >> I Cancel
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Click "Next", the software installation starts and may take a few
minutes.

| X

NATIONAL
ﬂNST'IUMENTS‘

2 NI LabVIEW Runtime 2017 2

Overall Progress: 2% Complete

Cancel

Click 'Next'. The installation has completed successfully, & reboot the device.

3 NI LabVIEW Runtime 2017 2 - O X

Installation Complete NATIONAL
yINSTRUMENTY

The NI LabVIEW Runtime 2017 {2 installation is complete.

Next >>
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» Installation of DAQ mx:

Please read the Software License Agreement carefully, choose "I accept"

and click "Next"

Select Agree Review Finish

You must accept the license agreements below to proceed.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE INSTALLATION
PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT
WISH TO BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND
CONDITIONS, DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL
ACCOMPANYING WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF
RECEIPT. ALL RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. If you
are accepting these terms on behalf of an entity, you agree that you have authority to bind the entity to
these terms.

The terms of this Agreement apply to the computer software provided with this Agreement, all updates or

This license agreement applies to the following packages: NI Package Manager

@ | accept the above license agreement.

O I do not accept the license agreement.

Next

Select product to install and click “Next”
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Installing NI-DAQmx 19.5 with DAQExpress X

Select Agree Review Finish

Select products

APPLICATION SOFTWARE NI-DAQmx 19.5 with
DAQExpress DAQExpress

DRIVERS NI-DAQmx provides support for
customers using NI data acquisition
NI-DAGQmx and signal conditioning devices.
NI-DAQmx is an NI instrument
driver that controls every aspect of
your DAQ system, including signal
conditioning, from configuration to
programming in LabVIEW to low-
level OS and device control. You can
build your applications with
measurement-specific Vls, functions,
data types, and analysis integrations
and reliably make faster
measurements with optimized DMA
data transfer and single-point 1/0.

Select All Deselect All

Select additional items to install and click “Next”

nstalling NI-DAQmx

Select Agree Review

Additional items you may wish to install:

NI Certificates Installer
NI Certificates configures Microsoft Windows to always trust softv from NI. When NI Certificates
are installed, no Windows security popups appear for installers that have a valid National Instruments
digital signature.

NI 1/O Trace
Debugging utility for monitoring function calls to various National Instruments APls.

NI Web-Based Configuration and Monitoring 19.0
Use NI Web-Based Configuration and Monitoring to configure and control the Application Web
Server as well as remote devices, like an RT target.

NI-DAQmx Runtime with Configuration Support
Run-time components required to deploy applications using National Instruments data acquisition
devices and support for configuring NI hardware via the Measurement & Automation Explorer (MAX).

NI-DAQmx Support for NET Framework 4.0 Languages

Provides .NET interface for DAQ devices and adds NI-DAQmx and DAQ Assistant functionality into
Visual Studio 2010. Requires the Microsoft .NET Framework 4.0. Visual Studio 2010 integration
requires Measurement Studio Professional Edition or higher.

Back Select All Deselect All Next

Please read the Software License Agreement no 01 carefully, choose "I
accept" and click "Next"
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Installing NI-DAQmx 19.5 with DAQExpress X

Select Agree Review Finish

You must accept the license agreements below to proceed.

DAQExpress Addendum
NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE INSTALLATION
PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT
WISH TO BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND
CONDITIONS, DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL
ACCOMPANYING WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF
RECEIPT. ALL RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. If you
are accepting these terms on behalf of an entity, you agree that you have authority to bind the entity to
these terms.

The terms of this Aareement apply to the computer software provided with this Aareement. all undates or ¥
This license agreement applies to the following packages: NI License Manager, NI Update Service, LabVIEW
Runtime (32-bit), LabVIEW Runtime (32-bit), DAQExpress, NI-DAQmx

®) | accept the above 2 license agreements.

O 1 do not accept all the license agreements.

Back Next

Please read the Software License Agreement no 02 carefully, choose "I

accept” and click "Next"

Select Agree Review Finish

You must accept the license agreements below to proceed.

Microsoft Silverlight 5 EULA Microsoft Silverlight 5.1 Privacy Statement
MICROSOFT SOFTWARE LICENSE TERMS
MICROSOFT SILVERLIGHT 5

These license terms are an agreement between Microsoft Corporation (or based on where you live, one of
its affiliates) and you. Please read them. They apply to the software named above, which includes the
media on which you received it, if any. The terms also apply to any Microsoft

e updates (including but not limited to bug fixes, patches, updates, upgrades, enhancements, new
versions, and successors to the software, collectively called “updates™),

®  supplements,
*  Internet-based services, and

®  support services

This license agreement applies to the following packages: NI System Components

®) | accept the above 2 license agreements.

O I do not accept all the license agreements.

Back Next

Please review the items which was select to install and click "Next"
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Installing NI-DAQmx 19.5 with DAQExpress X

Select Agree Review Finish

Review the following summary before continuing.

¥ Install

ress 4.0.0
Runtime (32-bit) 2018 SP1 f4
Runtime (32-bit) 2019

0
200

nalysis Runtime 17.0 for .NET Frame

orm Services Runtime
iguration .NET Runtime

Installation has been start & will take some time to finish.

Select Agree Review Finish

Upgrading NI MSI Properties

Removing NI MSI Properties

After completing installation Reboot your device.
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Installing NI-DAQmx 19.5 with DAQExpress X

Select Agree Review Finish

Reboot to complete operation.

Reboot Now

4. System description

4.1 Components of system

1. Base stand — it is made up of aluminum structure and as per the

system configuration. All components are mounted on base stand.

2. Test Section: It consists of copper blocks with insulating material

and test specimen which required for experimental setup.
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PEEK
DC power supply insulation Voltage tap DC power supply
Y i

Epaicy insulation

Heated surface
Heat flux (g7 (2mm thickness)
I 7

K-type TC ($1.5 mm) 3EA

3. Copper block: It is a part in test section assembly which is
connected with copper electrodes and PEEK block for supplying
power to test specimen through its medium.
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B

4. Copper cover: It’s a part of test section assembly which is mounted
on top of test specimen.

5. PEEK block: Polyether ether ketone in short form PEEK is a very
useful insulating material for test section assembly. Epoxy is used in
middle square hole.
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6. Test specimen: sample is of grade Stainless steel 304L as per
standard specification with different surface roughness and non-
treated or treated condition.

@ ! Heated surface: 25x10 mm || O
i

5mm

45 mm 2mm<-:;|
I3

O

7. SMPS DC power supply: It is used for supplying power to test
specimen, having rating of 10volts & 1200 Amps.
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8. Pool boiling chamber: It’s a made up of polycarbonate sheet of
8mm thickness having dimensions 300 x 300 mm.

9. Water Heaters: Heaters are of coil type made of stainless steel 304
grade with ratings of 500 watts and 1000 watts to heat the distilled
water to perform experiment at saturation level
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10. Data Acquisition Device: National instruments make module NI
USB-6001 is used for data transfer in “SCITECH DAQ
SOFTWARE”.
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S. Theory

Nucleate pool boiling is known to be a very effective mechanism of
phase change heat transfer to achieve a much higher heat transfer coefficient
than a single phase at a given temperature difference condition.

In the nucleate boiling regime, a number of bubbles are produced from
the heat-generating surface, and the heat is rapidly transferred by their latent
heat transport and local convection enhancement. However, the nucleate
boiling regime is limited by a certain heat flux condition, the so-called critical
heat flux (CHF).

The CHF is a maximum heat flux value to sustain the nucleate boiling
regime. After the CHF point, the heated surface is covered with the vapor
blanket, and the surrounding liquid is not able to touch the heated surface. In
other words, the heat transfer mode changes from nucleate boiling to film
boiling. In such a case, it leads to a dramatic decrease in the heat transfer
performance and a sudden increase in the surface temperature, and
consequently results in a failure of the heater surface.

Hence, the CHF enhancement is a key approach to maximize the
efficiency and safety of a nuclear power plant. For a large safety margin and
high performance of the nuclear reactor core, investigations on the
enhancement of the CHF have been performed and reported extensively using
nanofluids and surface modification.

Nanofluids, a dispersion of nanoparticles in water, have been reported to
increase the CHF value. During the boiling, nanoparticles are deposited on the
heater surface, which changes the surface conditions (e.g., morphology,
roughness, and wettability). In other words, the surface change caused by the
deposition of nanoparticles results in an increase in the CHF. The use
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of nanofluids could be an easy way to enhance the CHF, but it seems to have a
limitation on nuclear core application, since there may be the undesired
deposition on the components of nuclear power plant, and the effect

of nanoparticles in nuclear reactor is not clear.

Critical heat flux (CHF) is an important criterion in nuclear reactor
safety and the efficiency of boiling heat transfer. This parameter is known to
be dependent of the surface roughness and the wettability of a material that is
in contact with boiling fluid. Generally, CHF enhances with increasing surface
roughness and wettability. However, the uncombined effect of each
dependency is not yet well understood. One way to better understand this is to
analyze the dynamic wetting behavior. Thus, this study reports the effect of
dynamic wetting behavior on CHF using oxidized steel samples to modify
roughness and wettability.

Direct Joule heating method was used. This method easily supplies steady
state heat flux and exhibits fast thermal response. Applied heat flux was
calculated using the Joule’s heat flux equation. (Eq. (1))

Power _ VI
" heated area WL

29

q

Here, V is the measured voltage drop across the test material, / is the measure
current, W is the width of the heat transfer area, and L is the heated length.
Uncertainty of the measured heat flux was estimated as 5.2% based on the
propagation of error method.
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6. Experiments

6.1 Experiment 01: To obtain critical heat flux of Non treated
sample’s

» Conducting the experiment:

. Give single phase electric supply to trainer and switch on
Mains.

. Give three phase electric supply to DC power supply & switch
on Mains.

. Fill distilled water in pool boiling chamber up to heater levels.

. Now load the specimens from the specimen’s category on NS
and OS inside test specimen block by opening top cover of
pool boiling chamber.

. Turn on heaters to heat the water up to its saturation
temperature, it will take 50 to 60min for this process.

. After reaching saturation temperature turn on DC power supply
for power pass through the specimen.

. Connect USB to PC/laptop and open SCITECH DAQ
application for recording real time data.

. From software pass initially 1volts to DC power supply and
then gradually increase voltage and current simultaneously for
recording no of observations time to time.

. At time of opening DAQ software it will ask to store the data
in PC/laptop so provide directions where to store data and click
ok for starting the process.
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10. When it will ask to store the data kept file as excel format for
simplified view for that write the test name with (.xls) file
format extension.

11. Now after supplying current and voltage specimen will reach
at its critical point of heat transfer and it will break at
maximum capacity which is its critical heat flux CHF can be
calculate as per data and formulae described in theory part.

12. After completion of experiment let the specimen cool down
at room temperature with distilled water and switch of mains,
after that change the specimen by opening pool boiling
chamber top cover and repeat the experiment with following
steps from beginning.

» Observation: 1. Test specimen: Bare NS-320 or NS-600 or NS-800
2. Dimension’s: 25mm x 10mm x 2mm

Time | T1(C) | T2 (C)|T3(C)| TC (C) | Voltage | Current
(V) | (Amp)
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» Nomenclature:
1. T1- Temperature sensor mounted on left side copper block (PT100

type)

. T2 — Temperature sensor mounted below PEEK block (PT100
type)

. T3—Temperature sensor mounted on right side copper block
(PT100 type)

. TC — Temperature sensor mounted below test specimen (K type)

> Calculations:

Power _ VI
heated area WL

Critical heat flux (CHF) = q” = Kw/m?

Heated area = W x L = width of specimen x length of specimen
=25mm x 10mm

= 250mm”
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6.2 Experiment 02: To obtain critical heat flux of oxidized
sample’s

» Conducting the experiment:

13. Give single phase electric supply to trainer and switch on
Mains.

14. Give three phase electric supply to DC power supply &
switch on Mains.

15. Fill distilled water in pool boiling chamber up to heater
levels.

16. Now load the specimens from the specimen’s category on NS
and OS inside test specimen block by opening top cover of
pool boiling chamber.

1'7. Turn on heaters to heat the water up to its saturation
temperature, it will take 50 to 60min for this process.

18. After reaching saturation temperature turn on DC power
supply for power pass through the specimen.

19. Connect USB to PC/laptop and open SCITECH DAQ
application for recording real time data.

20. From software pass initially 1volts to DC power supply and
then gradually increase voltage and current simultaneously for
recording no of observations time to time.

21. At time of opening DAQ software it will ask to store the data
in PC/laptop so provide directions where to store data and click
ok for starting the process.
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22. When it will ask to store the data kept file as excel format for
simplified view for that write the test name with (.xls) file
format extension.

23. Now after supplying current and voltage specimen will reach
at its critical point of heat transfer and it will break at
maximum capacity which is its critical heat flux CHF can be
calculate as per data and formulae described in theory part.

24. After completion of experiment let the specimen cool down
at room temperature with distilled water and switch of mains,
after that change the specimen by opening pool boiling
chamber top cover and repeat the experiment with following
steps from beginning.

» Observation:
1. Test specimen:

300°C 450° C 600° C

320 Sand paper

0S-SP320(300°C)

0S-SP320(450°C)

0S-SP320(600°C)

600 Sand paper

0S-SP600(300°C)

0S-SP600(450°C)

0S-SP600(600°C)

800 Sand paper

0S-SP800(300°C)

0S-SP800(450°C)

0S-SP800(600°C)

2. Dimension’s: 25mm x 10mm x 2mm
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T1(C) [ T2 (C) | T3 (C) | TC (C) | Voltage | Current
(V) | (Amp)

» Nomenclature:
5. T1- Temperature sensor mounted on left side copper block (PT100

type)

. T2 — Temperature sensor mounted below PEEK block (PT100
type)

. T3—Temperature sensor mounted on right side copper block
(PT100 type)

. TC — Temperature sensor mounted below test specimen (K type)

» Calculations:

Power _ VI
heated area WL

Critical heat flux (CHF) =q” = Kw/ In2

Heated area = W x L = width of specimen x length of specimen
=25mm x 10mm
= 250mm”
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» Graph:
6.3. Appendix: Sample cellulations, Results, graph and screenshots
of DAQ software
1. Software screenshots:

POOL BOILING HEAT

DATA ACQUISTION

—
SYSTEM PC INTERFACE
Voltage Chart

TIEEE'C 72[l"c 73[lC
Voltage drop

7C [ "C

2. Excel sheet screenshots:
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Time  ObservatiTL(C)  T2(C) T3(C) TC(C)  Voltage (V)
28-02-2020 21:04:29 67.661 58034 62683 72753  0.991
28-02-2020 21:04:30 67.661 57.966 62548 72753  L.004
28-02-2020 21:04:30 67.724 58101 62817 72701  0.963
28-02-2020 21:04:31 67.661 57.966 62952 72857  0.953
28-02-2020 21:04:31 67.724 58101 6275 72753  0.958
28-02-2020 21:04:32 67.661 58101 62548 72857  0.976
28-02-2020 21:04:32 67.724 58101 6275 72701  0.927
28-02-2020 21:04:33 67.85  58.303 6275 72857  0.953
28-02-2020 21:04:33 67.787 58101 62548  72.805 1.03
28-02-2020 21:04:34 67.85 58.169 63.087 72753  0.995
28-02-2020 21:04:35 67.77 58165 6275 72857  1.025
28-02-2020 21:04:35 67.913 58236  63.02 72909  0.972
28-02-2020 21:04:36 67.85  58.236  62.683 72309  0.941
28-02-2020 21:04:36 67.913 58165 62885 72805  0.985
28-02-2020 21:04:37 67.85 58.169 6275 72961  0.985
28-02-2020 21:04:37 67.913 58169  63.087 73.013  0.957
28-02-2020 21:04:38 67.913 58236 62548  73.064  0.963
28-02-2020 21:04:38 62.04 58303  63.02 73.064  0.927
28-02-2020 21:04:39 62.04 58303 62952 73.064  0.924
28-02-2020 21:04:39 58.303  63.087 72909  0.986
28-02-2020 21:04:40 58303  62.817 73.013  0.954
28-02-2020 21:04:40 Y 58371 62817 73013 1055
28-02-2020 21:04:41 58371  63.222 73.116  0.958
28-02-2020 2 58303 62.817 _73.168 __1.003

3. Graphs:

Temerature chart

CHF
Ooccurs

Temperature

[ - N N
o Ul o (O]
o o o o

(O]
o

0
21:15:50 21:17:17 21:18:43 21:20:10 21:21:36 21:23:02 21:24:29 21:25:55

Time

4. Calculations:
As per data, sample data calculations for OS-SP320(600°C)
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Date Time Voltage | Current
(V) | (Amp)
28-02-2020 | 21:22:57 2.248

28-02-2020 | 21:22:58 2.304

28-02-2020 | 21:22:58 2.596

28-02-2020 | 21:22:59 2.664

28-02-2020 | 21:22:59 1.419

28-02-2020 | 21:23:00 0.355

28-02-2020 | 21:23:00 0.792

28-02-2020 | 21:23:01 0.938

As per data captured in excel sheet some data is observed here as
on data no 04 having maximum break temperature and voltage so
we will calculate CHF at this point for specimen OS-SP320(600°)

Here,

Voltage (V) = 2.664

Current (A) =

Width of sample = 10mm = 0.01m
Length of specimen= 25mm = 0.025m

VI _ 2.664x 250
WL 0.01x0.025

CHF = = 2664000 W/m” = 26664 Kw/m>
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So CHEF critical heat flux of specimen OS-SP320(600°C) is 2664 Kw/m”

5. Specimen Experimental images:

a. Start of pool boiling  b. CHF occurrence start c¢. CHF occurred
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d. After Performing experiment at maximum CHF

7. Wiring Diagram
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