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Abstract

The present study deals with the propagation phenomeharthermal wave in a very thin film subject to a
symmetrical heating on both sides or subject to a laser heat source. Numerical result is obtained from the non
Fourier, hyperbolic heat conduction equation using a numerical technique based on MacQumedédtsr
corrector scheme. Consideration is given to the time history of thermal wave before and after symmetrical
collision of wave fronts from both sides of a film. It is disclosed that (i) in transient heat conduction, thermal
wave front is transpagtl as a wave in the film, (ii) substantial temperature amplification causes within a very
short period of time, and (iii) the overshoot and oscillation of thermal wave depend on the frequency of the heat
source time characteristics. This trend becomesmnima thick film.

Introduction

When the elapsed time during a transient is extremely short, the classical Fourier heat conduction equation
breaks down at low temperature near absolute zero or at moderate temperature. That is, the thermal wave
travelsin the medium with a finite speed of propagatio]1 An increasing interest has arisen recently in the

use of heat sources such as lasers and microwaves, which have found numerous applications related to material
processing (e.g. surface annealing,dired and drilling of metals, sintering of ceramics, scientific research and
medicine). Experimental and theoretical studies on these applications are reported by numerous investigators
[5-7]. This is because when extremely short laser pulses or highefreigs are concerned, it may give
inaccurate results. In particular as laser pulse duration approaches the microscopic relaxation times among
different energy carries, the mechanism of radiation absorption becomes important [8, 9]. The present study is
focused on thermal propagation in a metal film subjected to a laser heat source.

In order to account for a finite propagation in the thermal field, a hyperbolic differential equation based on a
relaxation model for heat conduction was introduced. Séwerthors have studied analytically the parabolic

and hyperbolic models of heat conduction with the laser heat source and with a convective boundary condition
[10-15]. Using both models, Kar et al. [16] studied heat conduction due to shortpulse heatirzgidus
boundary conditions. They reported that the predicted temperature distribution is substantially affected by the
temperature dependent thermal properties. Lewandowska [17] also dealt with the parabolic and hyperbolic heat
conduction in the ondimensional, seminfinite body with the insulated boundary and discussed different time
characteristics of the heat source capacity. It is disclosed that (i) for small dimensionless Bouguer number the
temperature distribution in the body results from lieat generation process, and (ii) the significant difference
between the hyperbolic and parabolic solutions appears in only an edge of the body, where the hyperbolic
temperature is higher than the parabolic one. Size effects on nonequilibrium lasey bEatietal films were
investigated by Qiu and Tien [18].

This paper deals with the wave behavior during transient heat conduction in a very thin film (solid plate) subject
to heating from both side surfaces or subject to a laser heat source witts vamneicharacteristics from both

side surfaces. Emphasis is placed on the effect of the time characteristics of the laser heat source (constant,
pulsed and periodic) on thermal wave propagation. Analytical solutions are obtained by means of a numerical
technique based on MacCormack's predictmrector scheme to solve the rBaurier, hyperbolic heat
conduction equation.

Governing Equations and Numerical Method

Onedimensional thermal propagation in a film with thicknessgbxanalyzed, as shown Kig. 1. At t=0, the
temperature field within the solid is uniform with a valug TFor t>0, the wall surfaces at x=0 anglaxe

suddenly heated due to the laser heat source. Nonequilibrium convection and radiation are assumed to be
negligible. Undertese conditions and assumptions, the modified Fourier equation [12] and the energy equation
with internal heat sources can be represented as
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Figure 1 Physical configuration and coordinate system
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Consider a very thin film at a uniform, initial temperatuge R heating temperature,Tis suddenly imposed on
the walls at x=0 and xzxrespectively. Thus the initial and boundary conditions are

T=To =0 att=0 0<x<x 3)
T=Tw o =Qatt>0 x=0and ¥ 4)
LK
With the introduction of the following dimensionless quantities
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Egs. (1) and (2) can be expressed in terms of these dimensionless variables as:

V) | oy iy + LB g 6)
U X uh

and

KAxAH) | xh) _ 7
Hh X

Note that the energy equation in the absence of internal heat sources, g, is employed here. Initial and boundary
conditions are represented for whkating as

q=0,Q=0 atx=0,0<h<%’ ©)

q=1.02== atx > 0,h = 0 andSeXe 9)
U h 2a

Note that the boundary condition of Qxat> Ois derived from Egs. (6) and (7).
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For a metal (absorption coefficient [ of the order of 10-10° m*) which absorbs laser energy internally, many
researchers (for examples, Vick and Ozisik [10]; Ozisik and Vick [20]; Tang and Araki [21]) reported that
almost of all energy is absorbed within a depth of the order of 0.1 ['m which can be treated as a skin effect.
Thus, the model considers the laser radiation as a heat source, whickdépa&ndent and nexero only within
a layer of the body or even as a surface heat flux. Based on this idea, the energy sources term in Eq. (2), for a
material that absorbs laser energy internally, is modeled by Blackwell [11] and Zubai and Aslam [12] as

9(t,x) = 1(t)(1- Rymexp( /&) . (10)

Here I(t) is the laser incident intensity and R is the surface reflectance of the body. Note that this model
assumes no spial variations of I(t) in the plane perpendicular to the laser beam and no heat transport in the
direction perpendicular to the beam.

Equations (1) and (2) are expressed in terms of the above dimensionless variables as

HRN) L&D | ooy =0 (11)
M X U h
and
Rx,h) 1 ¢x.h)
-2y f - b h=0 12)
D 1B 2y rlewl b )
Initial and boundary conditions are represented, as
q=0,Q=0 atx=0,0<h< X (13)
2a0
M _rQ=0  atx>0h=0and®X (14)
uh 2a0

Note that the boundary condition@fatX > 0 is derived from Egs. (11) and (12).

Glass et al. [22] reported that MacCormack's method [23], which is a secdedaccurate explicit scheme, can
handle these moving discontinuities quite well and is valid for the hyperbolic heat conduction problems. Since
the hyperbolic problems considerbdre have step discontinuities at the thermal wave front, MacCormack's
predictorcorrector scheme is used in the present study.

Throughout numerical calculations, the number of grids is properly selected between 1,000 and 5,000 to obtain a
grid-indepenlent solution, resulting in no appreciable difference between the numerical results with different

grid spacing. The ranges of the parameters are nondimensional plate thigkgi@ssl.0 and 10.0, constant

coefficient related to the dimensionless capaoit internal heat sourcg (=1, dimensionless rate of energy
absorbed in the medium.

Numerical Results and Discussion
Constant Heating

Figures 2 and 3 illustrate the timewise variation of the temperature distripgtiom films having Cy¥a=1.0

and D.0, respectively. Note that Figs. 2 and 3 reproduce precisely the theoretical results of Tan and Yang [24],
which show in detail the propagation process of thermal waves in a film. Figure 2 depicts that (i) after the wall
temperatures on two sides atgldenly raised, a set of sharp wavefronts exists in the thermal wave propagation
and advances towards the center in the physical domain which separates thHebiat zone from the
thermally undisturbed zone; (ii) thermal wave fronts in the linear oesst and collide with each other at the
center of the film; (iii) after first collision, the center temperature in a film causes a significant amplification
resulting a much higher temperature in this region, (iv) after that, reverse thermal wave kenilata and

travel towards both side walls of the film, and (v) when thermal wave fronts reach at both side walls, the film
temperatures at both sides of strongly heated walls exceed the imposed wall temperature, called temperature
overshoot.
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Figure 2Instantaneous dimensionless temperature distributions in the film &@<kwith a symmetrical
temperature change

On the contrary, Fig. 3 depicts that (i) after wavefronts arrive at the center of the film witt=C3, they
gradually disappear in the absence of reverse temperature waves and temperature overshootindlad (ii) s
temperature distribution in the film yields in the linear and nonlinear cases. It is found that the numerical
solution predicts the existence of thermal waves, particularly in a very thin film and presents the propagation
process of thermal waves.
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Figure 3 Instantaneous dimensionless temperature distributions in the filmy& €20 with a symmetrical
temperature change

Laser Heating

Figure 4, forf ( =24,)Y ,=1,b=10 and gxy/a=1.0, depicts the timaistories of the temperature distributiap,
in a film. It is observed that as time progresses, the film temperature graitigadisises because almost all

energy is absorbed in the vicinity of both side walls and &ftér6 the film temperature substantially induces in
the centre region of the film, that is the temperature overshoot occurs. This trend becomes minor fitna, thick

as seen in Fig. 5Figure 5 illustrates the timleistories of the temperature distributiog), in a film for

cXo/a=10.0. The film temperature gradually increases in the absence of temperature overshoot even for
different b. The temperature prefil behave like diffusion domination and are in accordance with theoretical
results predicted by the classical heahduction theory.

Next is to investigate the effect of tindependence of laser heat source on the time history of the film

temperature,dr y .=1 andb=10.0. Figure 6 illustrates the tirhéstory of the temperature distribution in the

film with coxo/a=1, in which the periodic laser source is modelefi (x3 = (1+sinw j)/2. This phenomenon
implies that the heat source is periodically osaliin the vicinity of both sidevalls of the film. The figure

depict numerical result &ay=10.
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Figure 4 Instantaneous dimensionless temperature distributions in the filth {§%2, Y,=1 and gx¢/a=1.0
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Figure 6 Instantaneous dimensionless temperature distributions in the filvh fost ,)u=10,
YyFA+sin(w})/2 and gxg/a £.0

Figure 6 shows, that when the frequency of the periodic tessrsource becomes larger, a substantial change

in wave propagation is caused through time. One observes that (i) when wavefronts from both sides arrive at
the center of the film, the temperature is substantially increased and; (ii) the temperaturecbtakes place;

and (iii) thought the film temperatures at bailde walls are changed with time, the inner film temperature is
increased over the whole region of the film as time progresses. The effect of tHueftiemelence of laser heat
source beconsminor for the thick film, as seen in Fig. 7, which illustrates the timewise variation of the film
temperature profile with&y/a=10.0. One observes that as time progresses, the film temperature increases
gradually, whose behavior is similar to thatwhan Fig. 5, thought the oscillate temperature profile yields near
the sidewalls because of the periodic laser heat source. Note that for the small Vajuesgfb=1, the
calculated temperature distribution is similar to thatkfed0 (not shown), buthe absolute value of the film
temperature is different fdd=1 and 10. It is found that the effect of the frequency of a periodic heat swurce

on the temperature distribution become considerably greater in the very thin film, while its oscillaffented

only near the wall of the thick film.
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Figure 7 Instantaneous dimensionless temperature distributions in the filh fox1*sin(Z 02, y ~1,
b=10 and gx/a 40.0

Summary
A numerical study is performed on the effect of laser heating opridpagation phenomenon of a thermal wave

in a very thin film subject to a symmetrical temperature change on both sides. Results have been obtained for
the propagation process, magnitude and shape of thermal waves.
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1 If a film is strongly heated, temperaguovershoot takes place in the films of smaller values/dCx

within a very short period of time.
1 Ifafilmis heated by the continuowperated, temperature overshoot takes place in the films of smaller

values ofXy/t Cy within a very short period of time. The effect of the laser heat source becomes larger

in the thin film. In other words, if the absorption coefficidnt,of the laser increases, the temperature
is more dependent on the laser heat source in a thin film than in a thick film.

1 Overshoot and oscillation of thermal wave depend on the frequeno§ the heat source time
characteristics.
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Green Initiatives for 100GW: Solar India for Energy,
Environment and Social Security by 2020

J KRISHNA KISHORE
Senior Scientist, Indian Space Research Organization (ISRO), Bangalore, Karnataka, INDIA
Email: jkk40@yahoo.com

Abstract: In this paper, we highlight the Green Initiatives to generate@QW(& for Solar India in a fast track

mode for sustainable livindRoofTop Solar Power in Govt. Institutions and Buildings need to be funded like
hydel and thermal power projects @evt. institutions are major consumers of Electric Power running into
Gigawatts. Additionally, corporate enterprises have a responsibility to go green as they are major consumers
of electric power running into GigawattBSurther, we need enhanced State support to promote Green homes
based on Personal Solar Power as the paeguirements have sharply raised due to increasing adoption of
western life styles. The benefits of Space Technology can be brought to Homes / Buildings by providing DC
power rail connected to solar power and shift AC appliances to DC appliances tcossre @reen Campus
Initiative across the nation also needs to be taken up as high priority as many educational institutions are
themselves major consumers of electric poWwée above initiativesan generate & save Giga watts of power

and help the Smarity / Smart Village programmes being promoted across the nation. The availability of
power will slow down the migration to urban areas due to spread of development in rural areas. This will also
reduce the pressure on the already overloaded urbantinétase. In countries like India, care for elders is
dependent on family support which has been seriously affected by migration from rural areas to urban areas and
increased labour cost&olar India will result in improved energy, environmental and $agaurity. The
proposed Renewable Energy Act 2015 is a major development to strengthen Green Energy in India.

Key words:Solar Power, Govt. Buildings, Personal Solar Power, Environment, Social, Security
1.0 Introduction

fiSustainable development iswetlopment that meets the needs of the present without compromising the ability
of future generations to meet t loeTimeMapazime. needs. 0 Fi g 1

The world is not dangerous because of those who do harm but because of thdsekwdt it without doing
anyt hi AlgedEinstein.

The demand for power is continuously increasing due to the rapid economic growth. India has a difficult
situation toachieve economigrowth and also protect the environmerfortunately, Indiad blessed with

abundant solar energh.ndi aés sol ar potenti al of 6 Billion GWh i
current electricity needs [1,2,3].Fig 2 shows the solar potential of Indighe honorable Prime Minister of

India has set garget of 100 GWs of Solar Power and also called for reduction in the consumption of fossil

fuels for India to become Energy Independent / Efficient in FUTURIE. proposed renewable energy act 2015

is a major development to strengthen Green Eniergyydia.

SPECIAL REPORT GLOBAL WARMING

BE
WORRIED.
BE
WORRIED.

Climate change isn't some vague
future problem—it's already
damaging the planet at an alarming
pace. Here's how it affects you, your
kids and their kids as well

EARTH AT THE TIPPING POINT
HOW IT THREATENS YOUR HEALTH
HOW CHINA & INDIA CAN HELP
SAVE THE WORLD—OR DESTROY IT
THE CLIMATE CRUSADERS

Fig 1 Global Warming on TIME Magazine
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Many Govt Institutions / Corporate Institutions and even some big educational institutions are consuming 100s
of Kilowatts of Power as each Institution is a huge establishment with widespread useGafnditioning,
Computing resources, féch equipmentand dataservers on a 24 x 7 basis. The moderndtides have also
increased the power requirements in homes significantly. Many Temples are also major consumers of power
today !!

It is generally stimated that nearly 25 to 30% power is ldsting transmissioland distribution. This can be
minimized by using roof top solar power. Local Generation / Saving of PalsesaveWaer in Dams and
reducedependency on fossil fuels.

It is also importahto note that although a capital city is typically less than 0.5% of the geographic area, it
consumes almost 30% of the power generated in some major states. A typical case study of Karnataka and its
capital Bangalore is presented.

http://bangalore.citizenmatters.in/articles/48zEscomgpowersources?utm_source=copy

In the year 2012, Bangalore's daily power demand atemit 2300 MW (Mega Watt). Bangalore consumes
about onehird of the state's total power. Karnataka's average demand is 6000 Mifyppi]. The aea of
Karnataka State is about: 192,000 Sg. Km and that of Bangalarevisd 8005q. Km [4].

The folowing case studghows the risk involveds Power Generated at RTPS is brought to Bangalore.

Big power crisis stares at state as 4 Raichur Thermal Plant Station umips Times of India Apr 24, 2012

BANGALORE/HUBLI: Four of the eight units of the R&ier Thermal Plant Station (RTPS) tripped on
Monday due to shortage of water in the Krisiieer, plunging the state into an acute power crisis. The harried
administration reacted by increasing the duration of power cuts. RTPS caters to districts acsta® tlother

than Bangalore. Residents of these areas, who have been tolerating power cuts ranging from one to 12 hours,
may have to sweat it out for anothe8 hourg5].

The concerns of Climate Change are really a matter of serious concern. Theyfgefow carbon economy
based on Green Energy has become a top priority for India to ensure sustainable development for future
generations. In this article, we shall highlight that

1 Green Govt Initiative,

1 Green Corporate Initiative,

1 Green Temple Initive,

1 Green Campus Initiative,

1 Green Home Initiative with Personal Solar Power etc.,
are needed as high priority to generate / save energy. Although some progress has been made for Solar Power,
the rate of progress is a matter of serious concern. diloposed Renewable Energy Act 2015 needs to be
strengthed with budgetary support and financial incentives for fast track deployment of solar power.

India Solar Resource

Direct Normal Solar Resource

«««««««
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Source: National Resource Energy Laboratory
Fig. 2. Solar potentiahcross the Nation
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2.0 Green Govtlnitiative: Solar Power / LEED Programme for Govt Buildings / Departments

It is very important for Govt to fund rotdp solar power for its Institiutions as an Infrastructural Asset with

complete budgetory support similar to Thermal and Hydel Power gldimis will lead to faster installation

of decentralized solar power across the nation and also reduce T & D loSd®s.operational cost of

electricity bills in Govt Institutions & Buildings is in thousands of crores of rupees which is a recurring
expenditure.This can be minimized by retiip solar power. The spread of the Govt Institutions is across the

NationT Metros / cities, leading urban centers, municipalities, distneadquartersvillage panchayats etc.,

Govt Institutions and buildingsra present across the nation. A reasonable estimate is that about 25% of

Nati onods Power consumption is due to Central and S
machinery across the nation

A representative list involves

Public Sector Units ( BL, BHEL, HAL, OIL, ONGC, BEML, ECIL etc., )

R & D Institutions ( ISRO, DRDO, BARC, CSIR, National Labs across nation etc., )

Academic Institutions ( lISc, lITs, NITs, [IMs, Central Universities, State Universities etc., )

Strategic institutions like ArmyNavy, Air Force, Border Security Force, Coast Guard etc.,

Transport sectdr Railways, Road Transport corporations, Shipyards & Seaports, Airports

Security agencies like thousands of Police Stations, CISF, Home guards etc.,

Judiciary of India i.e, Suprent@ourt, High Courts, District Courts, Taluk level courts

Banking, Insurance & Stock exchanges ( RBI / SBI & Nationalized banks etc., with thousands of

branches and more than one and half lakh ATMs across the nation, Unit Trust of India / Life Insurance

Corporation etc.,

Tax related offices ( Income Tax / Excise Tax / Service Taxes etc., across the nation

Parliament / State Assembly Buildings across the nation

Offices associated with administration in different ministries ( Center / State / Union Tesrifdrave

huge buildings / training institutes and housing colonies across the nation

T Govt bungalows | ike Rashtrapathi Bhavan, Governor
Ministers & District Collectors ( Hundreds of bungalows across the nation

1 Corporations & Municipalities and Village Panchayats ( thousands of buildings & lakhs of streetlights
across the nation )

M Election Commission / Doordarshan kendras /

I Bharat Sanchar Nigam Ltd, Indian Post etc.,

1 National sports training institutes & flddit sports stadiums etc.,

= =4 =4 -8 -8 -89

=A =4 =4

Fig 3.0 shows the 100 KWbof top solar power plant on Vikas Soudha which is the seat of administration,
Govt. of Karnataka, in Bangalgrehichwas funded by the Govt. A small beginning has been made for roof top
solar powern Govt InstitutionsThe reduced electricity bills will automatically help in the payback apart from
increasing the share of Green power.

LEED Programme for Govt. Buildings

Fig 3 100 KW roof top solar power plant on Vikas Soudha, Bangalore

A Leadership in Energy and Environmental Design

(LEED) programme to upgradexisting Govt.. Buildings as Green Buildings the need of the hour.
Replacement of old lighting with LEDs in the building will result in a significant decrease in the electricity
consunption. Improving AC technology will also result in further saving of power.
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The budgets for many Central Govt. / State Govt Institutions run into hundreds and thousands of crores of
rupees. Hence, it is possible to haBeeen Govt Initiative in fast track modeas part of the proposed
Renewable Energy Act 201\ith budgetary provision to upgrade Existing Buildings and institutions as Green
Institutions with rooftop solar power / LED lighting etcThis will generate GWs of green power and reduc
T & D losses [6, 7,11,14]

3.0 Personal Solar Power (PSP) in homes and Apartments / LED Lighting

As the growing urbanization with Western ggyle is being increasingly adopted, residential homes and
apartments have become major consumers oftriele€ower across Indidhen millions of homes and
apartments in urban areas require an average of 2 to 3 KW per family as shown in Fig 4, the demand runs into
Gigawatts of power across the natiod major effort has been the distribution of LED bulisspart of energy

savings Additionally, Solar Power Units / Solar Water Heaters ( SWhil) save huge amount energy as shown

in Fig 5 and Fig 6. PSP can also avoid black out situations as shown in Fig 7.

Fig 4 Modern All Electric Home (AEH

Peronal Solar Power ( 1 KW Roof Top Solar Power Unit / 150 Liter SWH ) needs to be integrated into an
AEH as shown in Fig 5 and Fig 6Govt need$o encourage PSP in view of its GWs potential with

1 20%Rebate orProperty Tax for 5 years.

1 Solar loans fom banks with low interest rates and long pay back periods [8,9,12].

Fig 5. Solar Water Heater ( SWH )

Fig 6. 1KW Roof top Solar Power Unit
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