American Journal of Energy Engineering il -

2014; 2(2): 65-74 S CISNCE s
Published online April 20, 2014 (http://www.sciepaelishinggroup.com/j/ajee) U Sdiance Piiblisking Groun
doi: 10.11648/j.ajee.20140202.13

Time dependent studies on the energy gain of D-T fuel
using determination of total energy deposited of deuteron
beam in hot spot

S. N. Hosseinimotlagh', M. Jahedi?

!Department of Physics, Colleges of Sciences, Isléméid University of Shiraaran
’Department of Physics, Science and Research Brasiahit Azad University, Fars, Iran

Email address:
hoseinimotlagh@ hotmail.com (S. N. Hosseinimotlagmgrjanjahedi@yahoo.com (M. Jahedi)

To citethisarticle:

S. N. Hosseinimotlagh, M. Jahedi. Time Dependendi8t on the Energy Gain of D-T Fuel Using Deteation of Total Energy
Deposited of Deuteron Beam in Hot Spanerican Journal of Energy Engineering. Vol. 2, No. 2, 2014, pp. 65-74.

doi: 10.11648/j.ajee.20140202.13

Abstract: In fast ignition (FI) mechanism, a pellet contagihe thermonuclear fuel is first compressed bgrosecond

laser pulse, and then irradiated by an intensatlogri beam, initiated by a high power picosecoasklr pulse, is one of the
promising approaches to the realization of thetiaeconfinement fusion (ICF). If the ignition beaism composed of

deuterons, an additional energy is delivered totdinget, in which coming from fusion reactions bé tbeam-target type,
directly initiated by particles from the ignitiobeam .In this article, the D+T fuel is selected ahdirst step we compute
new average reactivity using three parameter csestion formula in terms of temperature at secdsg sve use the

obtained results of step one and calculate thé datposited energy of deuteron beam inside thestdigel at available

physical conditions, then in third step we write thonlinear point kinetic balance equation of Dmikture and solve

numerically these nonlinear differential couplaflations versus time .In forth step ,we estimatepgbwer density and
energy gain under physical optimum conditions andllfy we conclude that maximum energy depositethintarget from

D+T and D+D reaction are equal to 19269.39061 ked/20198.58043 keV, respectively.

Keywords. Deuteron Beam, Fast Ignition, Gain, Dynamics

1 Introducti In 1975 A. W. Maschke suggested the use of retdiivi
- Introauction heavy ion beams to ignite an inertially confinedsmaf

The fast-ignition concept has been described thgiigu thermonuclear fqel [1]. As in conventional inertial
in literature as one alternative to direct-drivet-pot ~confinement fusion, the fuel was assumed to be
ignition. In this scheme a high-energy, high-intgntaser Precompressed by a factor of the order of 100 deioto
is used to compress a cold shell containing fusimh to ~Minimize the energy needed for ignition. Maschke
high areal densities. A short-pulse, ultrahigh4isiey laser suggested that lasers might compress the fuel, igh h
is then used to generate megavolt electrons totheatore velocity impact, or by ion beams other than theitign
of the dense fuel assembly in a time that is sbmmpared beam. Maschke’s “fast ignition” scheme was finally
to hydrodynamic time scales. The use of two inddpah abandoned in favor of the more conventional apgrdac
laser drivers to compress the fuel assembly anihertial fusion where the implosion supplies thergy for
subsequently heat the core allows for higher taggets, in  both compression and ignition. In 1994 an imporfzager
principle, for the same amount of driver energyisTis by Tabak et al. [2] rekindled interest in fast tipn ,this
because high fuel-areal-density cores can be assémbtime using short-pulse lasers to provide the igniti
wit.h.slow implogion velocities and ignition is aelied by temperature. Later, at the 1997 HIF Symposium, Raba
efficiently coupling the short-pulse beam energythe estimated requirements for heavy-ion-driven fasitign
dense core. In comparison to conventional hot—ugmt]c_)n, [3].This approach is now the subject of intense
the symmetry requirement of the fuel assembly ist fajn eqtigation in a number of countries. If ion beacould

ignition is not as stringent; this relaxes the riination be made to deliver the energy density needed fitiog
uniformity and power-balance constraints of theelri they would have a number of distinct advantagese Th
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reliability, durability, high repetition rate, artigh driver
efficiency are expected to be advantages of anglator
driven inertial fusion system. In the case of fastition,
there are some additional advantages. Moreovefiar of

choose the D+T fuel and at first step we complgertew
average reactivity in terms of temperature fortftrme at
second step we use the obtained results of stepande
calculate the total deposited energy of deuterambi@side

the appropriate range, the beam energy can be itleghos the target fuel at available physical conditionrthve third

directly in the fuel, eliminating the inefficiencyof
converting laser light to electrons or ions thartideposit
their energy in the fuel. Finally, because of tleeluced
requirements on illumination symmetry and stahilitynay
be possible to devise simple illumination schemsimgu
direct drive or tightly coupled indirect drive, aise of
single sided ion illumination for indirect drive €l
compression. This could simplify chamber design,an
since direct drive and or tightly coupled indirectve are
efficient implosion methods, it could lead to lowdniver
energy and, as in the laser case, higher energy ydée
consider ion beam requirements for fast ignitiogémeral,

where a single short pulse of ions comes in frone on

direction onto one side of a pre-compressed D+Trhass,
heating a portion of that fuel mass to conditiohgyaition
and propagating burn in a pulse shorter than tine fior
the heated region to expand significantly. Thetgmbeam
(or beams) would be arranged to penetrate the ttange
such a way that the Bragg peak occurs at the uaugbt
hot spot. Or one might increase the expansion tiye
tamping the ignition region. In fact Magelssen [mhed a
paper in 1984 [4] in which he presented calculatioh a

target driven by ion beams having two very différen

energies. The lower energy ions arrived first anploded
the target to a spherical configuration with a eatdense
pusher or tamper surrounding the fuel. The highergy
beams were then focused onto the entire assendayinky

both the fuel and the pusher. The combination @& th

exploding pusher and the direct ion energy depsiti
heated the fuel to ignition.

In summary, the fast ignition (FI) mechanism, inigtha
pellet containing the thermonuclear fuel is firshpressed
by a nanosecond laser pulse, and then irradiatedrby
intense "ignition" beam,
picosecond laser pulse, is one of the promisingcamhes
to the realization of the inertial confinement arsi(ICF).

initiated by a high power

of step we introduced the dynamical balance equaio
D+T mixture and solve these nonlinear differentialipled
equations by programming maple-15 versus timeaithf
step we compute the power density and energy gaieru
physical optimum conditions and at final step walgred
our obtained results .

%. New Calculation of Average

Reactivity for D+T and D+D
Reactions

In order to fuse two nuclei, they must be broudbse to
each other such that the strong nuclear force datadnthe
repulsive Coulomb force. Since this Coulomb force
preventing two nuclei from getting closer is anre@asing
function of the atomic number Z, the most promisiugjon
reactions are those involving Hydrogen and itsoiges,
namely Deuterium and Tritum. The most widely
investigated reactions are so-called D+D reactiwh &+T
reaction which are listed below.

The D+D reaction:

D+ D — 3He(0.82MeV) + n(2.45MeV) %50 (1)

D+ D - T(1.01MeV) + p(3.03MeV) %50 (2)
The D+T reaction:
D+ T - 3He(3.5MeV) + n(14.1MeV)  (3)

The rate of thermonuclear reaction is a function of

reaction cross section, temperature, and density. &
mixture of two species with densitiag andn;, the reaction
rate is given by the following expression [6]:

ninj

L <ov>

Ri; = (4)

The ignition beam could consist of laser-acceleratehere ¢ is the reaction cross section adg is the

electrons, protons, heavier ions, or could cornditle laser
beam itself. It had been predicted that the FI raaim

Kronecker symbol .If the fusion is “Thermonuclear®. if
the energy provided to the reacting particles ésrésult of

would require much smaller overall laser energies theating the system to a temperature T, then we tweade

achieve ignition than the more conventional ceriadlspot
approach, and that it could deliver a much highesidhn
gain, due to peculiarities of the pressure and itlens
distributions during the ignition. It is clear, hever, that
interactions of electrons and ions with plasma, arabt
importantly
essentially different. Moreover, if the ignition dma is
composed of deuterons, an additional energy iveteld to
the target, coming from fusion reactions of therbaarget
type, directly initiated by particles from the ijoh beam
[5]. These and other effects had been of coursentakto
account in later works on this topic [6,7]. In thierk, we

the averageeé ov >. Assuming a Maxwellian distribution,

equation (4) becomes,

ninj

U 1+5l’j

Ry = 200 (]2 [ 12 oeygenp (- £) a5 B)

the energy deposition mechanisms are

By comparing equation (4) and (5) we have

<ovs= [ [ 12 owrEer (-£)ar ©

_£
KT
Since the D+T reaction has the highest reactioa aat

relatively low fuel temperature, it is the easiégel to
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assemble and burn. However, the presence of neuat®@a reactors. The formula of fusion cross section feb 2and
product (see D+T reaction) makes it unattractiwefdigion  D-T fusion reactions is given by [8]:

-1
_ mq 2 mgq 2 2 z
0(Epgp) = —16389C, (1 + m—b) x [maE,ab [Exp (31.40 7,7, /Elab) - 1] {(c1 + CEpp)? + (63 -~ EeraTe /Elab)_l]) }] 7)

with 3 adjustable parameter6;(C, andCs) only. In (7),

m, andm,, are the mass number for the incident and target
nucleus, respectively (e.gm, = 2 for incident
deuteron)t,;,;, (deuteron energy in lab system) is in units of
KeV andg is in units of barn. The numerical valuesCof

C, andC; for these reactions are listed in Table.1.

e
g
Table 1. Numerical values ofC,, C, and C; for reactions D+T and D+D[8]. =
5
D+T D+D (p+T and n+°He)
C; —0.5405 —60.2641
& LT GOSLee i 200 400 500 800 1000
T (keV)
Cs —-0.3909 —54.9932

Figure 2. Variations of averaged reactivity in terms of temperature for
<OV >py< OV >pip.

From this formula, we calculated and plotted the
variations of fusion cross sections for these iemstin 3. Gain Requirement
terms ofE,,; and our results are shown that in ) . )
Figure.1.Also by comparing our calculated numerical In order to have economically fusion, an attractive

values with available experimental results (sed@pfwe €N€rgy source is necessary that the energy from
concluded that this formula is very exact. thermonuclear reaction exceeds both the energyiesdn

achieving it and the losses due to radiation, oraa@ll,

conversion infficiencies, etc. A simple estimate of the
driver dficiency and target gain can be obtained using
w 10-24 — D+T i i
4107 o energy bookkeeping approach (Fig.3).
§ 3% 10734 |=‘l|1
& P = 74
@ 2% 107244
(a5}
£
2 P,
-24{
1.x 10 f.Py,
Pth
o- . . . . : i
2000 4000 G000 3000 10000
Deuteron Energy in Lab System (keV')
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Figure 1. Variations of fusion cross sections versus deuteron energy in lab

systemor two fusion reactions: D+Tand D+D. Figure 3. Power cycle. P;,, the input power (this could be the electrical

. . . . L power from the outlet).P,, the power at the output of the driver.P, the
Using data in T able.1 and inserting equation i) power fromthermonuclear fusion. P, ,the power after converting the

equation(6) and integrate it for these two reastiome Can thermal energy to dlectricalenergy.

obtain the numerical values of averaged reactivity

parameter in terms of temperature and plotted ritCfe T Let P;,be the electrical power that we intend to invest in

and D+D in the Figure.2.Note thatE,,, = achieving fusion and let;be the éiciency of conversion

Tat B \wherdE is energy in the center of mass frame. Byof this power to laser light powey;. If we definethe target
b gain as the ratio of the power obtained from thsiciu

observing Figs.1 and 2 we conclude that the cresiom reaction to the driver power, then

and averaged reactivity of D+T fusion reaction isager
than D+D, als& ov >, and < OV >p,p are strongly P, = GPy = GngPiy, (8)
temperature dependent .From Fig.2, it will therefdre

recognize that at resonant temperature in which theking into account the conversioffieiency from thermal

probability for occurring fusion is maximized forHD to electrical power, the available electrical povgigiven
fusion reaction is approximately 60KeV. by,
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P = nenPy = GnepNaPin (9) plasma conditions, this added fusion gain can be a
) ) ) significant contribution [19]. We must notice thhetidea
A fraction fG 1, ngqPi, Of this power is used to run the o ponus energy for first time is presented by okiag

driver and the remaining fractio(l — f)G N naPin 1S yang and her group in low temperatures[20]. Iis thibrk
send to thel customers. The closer fa¢tor f)to.unity, we use of this idea , to compute the added eneigpsed
more electn_cny is available to customers. This dae as the energetic deuterons interact with the tergdtions
achieved using small vaIuesﬁq_f howeverf has a lower in different range of temperatures (0-70keV) that i
bound determined by the equation, contained resonant temperature. This added energy
1 (10) increases total energy gain of the system. We use a
GNthNa modified energy multiplication factop to estimate the
bonus energy in terms of the added “hot spot” hegaliy
beam-target fusion reaction for D+T [18]. The deare
beam deposited energy and stopping range and time a
also calculated for this reaction. Also we deteemémergy
gain time dependent in different temperatures.

Pin = fiminGNenNaPin = fmin =

Using a typicakl,, value of 40% and recycling less than
1/4 of the power to run the driver, we get;; = 10.Solid
state lasers for example have dficeency of 1-10% [9]
and to fulfill the available condition, gains of 20000 are

needed. ! . :
F value is the ratio between the fusion enefjy
. produced and the ion energy ingtto the plasma and for
4. Deuteron Beam and Deposited D+T fuel is given by[18]:
Energy in Pre-Compressed D+T Fuel . 2 stepae a
As we mentioned that in section 1, deuterons haenb DT =TT

considered fpr fast ignition as well [9-17].Bycheuk whereE, andE,, are, the average initial energy and the
group, considered an accelerated deuteron beam, Ridymptotic thermalized energy of the injected sirigh for

decided that deuterons would have too hlgh an gl’(@@ each reaction, respective|y [18'21,22] and
MeV) to form the desired hot spot [11]. Deuteronsule

not only provide proven ballistic focusing, butalfuse S(E) = Xk K[< ov(E) >pli(Ef)ik/ (Z—E) (12)
with the target fuel (both D and T) as they slowvdfil8] , ¢
providing a “bonus” energy gain. Depending on takyet Such that for this reaction we have:

1 (dE\ _ _ zPe*m/*ElnApyr 3\/Em,3/2(kTe)3/2]

nr (dt) T 3m(2m)Y/2e2my(kT,)3/? 1+ 4mkm:/253/2 (13)

Wherem, and m; are mass of electron and mass othat is given by [20]:
injected ion, respectively and both of them areaiomic
mass unit (amuk oV >, is the fusion reactivity for the InApsr ~ 65— In(Z, /p/T?) (14)
injected ionl of speciek having atomic fractio,, in the

target, (E;) ;. is the corresponding energy released per WhereZ,is the atomic number of target fuel ions gnd

fusion, and T, is the target electron here is in kilo-electron-volf is in—"=.We plotted the two
1 e

temperature[22] .Combining equations (11),(12) &b8) and three dimensional variations lafdp, in terms of
we can estimatéy , ;. target density and temperature (see Figure 4).

In Ap,ris Coulomb logarithm for D+T fusion reaction

16
o
10—
b 2]
a4 o
= .
= ] — p=200(g cm?) _,:Q %
6 - p=300{g fem ) =
p;m(g,’cm-i)
—p:fﬂﬂ[g,.’cm:‘.l
——P=0600(gfem?) ]
4 “ 500
10 20 30 40 S0 40 7o 20 90 100 o -:j“-“h'_"""r-w- J_.'—':‘_ﬂ::-m' ; 3
*eV) A ag | T300 Plg/fem?
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Figure 4. a) The two and b) three dimensional variations ofln A, interms of target density and temperature.
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From this figure we see that by temperature entragoeé  of ¢p,r, ¥pip » Epsr andep,p in the case ofp =
and target density reductioi 4,y is increased. The 500(g/cm?®) and in Table.2numerical values computed for
(Ef),,_{ln Eq. _(12) gives the energy released in the fusiomaximum ofpp.r, @pip ,€psr andep,p are given for
reaction carried by both fast neutrons and chapgeticles.  studying D+T reaction at different temperatured target
However, for hot spot heating, th& of the hot spot is to0 density300 < p(g/cm3) < 500.
low to significantly slow down the neutrons, so only we see clearly that from Fig.5,variations St
charged partlcle_s contribute. Thus, for D+T react_m the andep,p Dby increasing temperature is such that we have
target(see reaction (3)) only the 20% of the fuSORIGY  {he maximum value of them in resonance temperati6e

carried by the alphas is useful for heating whie the o\ we must be notice that the temperature 60 ie¥
D+D reaction about 63% of the total is useful(segctions  agonant temperature for D+T reaction such thathia

(1) and (2))[20] Therefore, to prevent confusiong W iemnerature we have maximum probability for ocogri
introduce a new factorp to represent the energy fsion reaction. Also from Table.2 we find that the
multiplication for the hot spot heating by the a®dt | iim total deposited energy &f,» andep.p inside

articles, and the = 20% Fp,r for D+T fusion and .
?or occurring D+¢I'DD+1Tusion ?n DSJTrT mixturep — hotspot and also the maximum ey, andep.p by
b+b increasing target density from 300 to 5@Qcm?)are

63% Fpip. , X«
.. raised very slowly.The total energy deposited iastte hot
In summary, the total energy that could be depdsitmo Spot €y, andepsp ) is also function of deuteron energy

the target due to combined deuteron ion heatingbesaan- . .
target fusion for D+T and D+D, respectively becomes beam_ (E; )s_uch that by Increasing energy from 1 to
' 10000KeV is increased.Fig.5 shows that the valuks o

epsr = E;(L + @0pyr) (15) multiplication factorspp.r,@p+p increased by _increasing
deuteron energy (please note that our calculasbosgv that
ep+p = E/(1 + ¢p1p) (16) in temperature lower than 5keV at first by raisitige

so it is seen that parametegs . .@p. » play the major role deuteron energy, parameters, andgp.p are increa§ed
in the “bonus energy” for deuteron driven fast fgmi in ~ @nd then slowly decreased).In all temperatuigs, is
these two reactions. To avoid confusion, please tioat higher thane,,,.From Fig.6 we see that by increasing
the e here is the total energy deposited by the ion belasy  temperature stopping timésg,, ;) is increased because by
any contribution from its beam-target fusion in thot spot, raising temperature particle energy is increasexh tthe
but not the total input energy to the target teadften cited stopping time become large. Since that by increasin
in energy studies and represents the total lagepssion temperature stopping range is increased then [gaxtan
plus fast ignition energy delivered to the totalgtd, also move more distance (see Fig.7). The effective patam
the deuteron stopping range and stopping time can [that decreased stopping time and stopping rangs,. i©ur

calculated by following equations [20]: calculations show that by changingr; from
B . 10%2t010**cm™3 ,ts,,, andRs, . are decreased by the
Rs = fEtIh deE/(E) (17) order of 10 to 100. By increasing target densiyrfr300 to
500(g/cm®),Rs, ., and ts, .. are increased, but this
ts = fi; /(Z—f) (18) changes fots,,, is not very sensitive.

Where,(i—f)is calculated from equation (13) for D+T, 5. Balance Equations of Deuterium-

and the deuteron velocity 8, = /;—E Tritium Mixture
D
For calculating the total energy deposited into thrget The following system of equations is used to dégcthe

of D+T at first step we substitute equation (14)Join temporal evolution of plasma parameters averaged ihe
equation (13),then at second step the obtainedtré&su \ojyme (the density of deuterium ions and tritiume a
substituted into equation (12) and at third step results npandny, respectively n,is density of thermal alpha-

of second step are inserted into equation (11) wed ,aricles E is plasma energy, for D+T nuclear fusion
compute Fp . and Fp,p for D+T reaction, at forth step we agction:

use of these parameters for determination of

@p+ra@ndpp.p , finally the obtained results from forth step dnp _ _ M _ npnp{ov)per + Sp (19)
inserted into equations (15) and (16) thus we camio a ’

the numerical values af,,randep,p in D+T mixture for anp _ _nr _ ROV gy + S (20)
300 < p(m%) <500, 0<T,(keV) <70 and deuteron at P *

energyE, with range ob < E(MeV) < 10. Also under g _ _Ma o o

these conditions we can calculate the deuteronpstgp at Ta p1r{OV)psr (1)

range and stopping time by using equations(17) and

(18).Figure.5 shows the results of our calculations Energy balance equation is written as
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dE _

— _ Ziniziz _ nptnr+ing
dt -

Zepy =

- % + QanDnT<0v)D+T — Prgq (22) (24)

Ne Ne

Spand Srare the source terms which give us the fuelvhere, Z; is the atomic number of different ions. The
rates;t , 7,, andr are lifetimes of thermal alpha-particles, fusion energy gain is defined as:

deuterium and tritium, and the energy confinentene,
respectively, also the energy of the alpha padicee:
Q, = 3.52MeV. The radiation los8,,,is given by:

Praa = Pprem = AbZeffng\/TforD +T (23)

Where 4, = 485 x 107 %2
radiation coefficient. No explicit evolution equati is
provided for the electron density since we can obtain it
from the neutrality conditionn, =np, +n;+2n, |,
whereas the effective atomic number, the total itleasid
the energy are written as

is  bremsstrahlung

Ef(t)

G(t) = %whereEf(t) is equal to the energy due to

the number of occurred fusion reactions in targeterms

of time andE.,. IS the required energy for triggering
fusion reactions in hot spot and is equal to 4M]Jj€30
the fusion power density for D+T reaction is givbg
Ppyr =np(®)nr(t) < ov >pir Qpyr  Where  Qpyp =
17.6MeV .We solve time dependent nonlinear coupled
differential equations (19) to (22) with the usecofputers
(programming, Maple-15) under available physical
conditions. Our computational obtained results gven |,

in Figs.8 to 10 and Table.3.
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Figure 6. The three dimensional variations of stopping time versus target
density and deuteron energy in different temperatures in D+T mixture at
ayny = 10%2(em™2) , bny = 1023(em™3) , Ony = 10%*(cm™3).
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target density and deuteron energy in different temperatures in D+T
mixtureat a) ny = 1022(cm™3) , b) n, =103(m™3) , ¢) ny =
10%*(cm™).

a)

Table 2. Maximum numerical values of total energy deposited and multiplication factorsin D+ T mixture at different temperature for 300 < p(f#) < 500.

D+T
p(g/cm?) T, (keV) ED+T e (KEV) epsp  (keV) PD+Tomax Poip |
300 10 11463.92692 14611.36978 0.146392691 0.461136978
300 20 15185.35591 26333.87112 0.518535591 1.633387112
300 60 19020.60063 38414.89199 0.902060063 2.841489199
300 70 18763.52452 37605.10224 0.876352452 2.760510224
400 10 11494.18969 14706.69751 0.149418969 0.470669751
400 20 15278.61416 26627.63459 0.527861416 1.662763459
400 60 19159.04394 38850.98842 0.915904394 2.885098842
400 70 18891.14962 38007.12129 0.889114962 2.800712129
500 10 11518.539 14783.39786 0.151853900 0.478339786
500 20 15353.29364 26862.87495 0.535329363 1.686287495
500 60 19269.39061 39198.58043 0.926939061 2.919858043
500 70 18992.73249 38327.10736 0.899273249 2.832710736

From Figs.8 to 10 we see clearly, increasing teatpes

temperature ,60 KeV,

is maximized because

in this

from 1 keV to 70 keV the variations of deuteriumdan temperature the highest number of D+T fusion reacis
tritium density in terms of time #®,(t),ny(t) ) are occurred. Also, our calculations show that enkamnt of
decreased since that by increasing time the consump the injection rate of deuterium and tritiuSp(and S;) from
rate ofn,(t) andn;(t) are increased but variations of 10%? to 102*cm™3 the rate of variations ofn,(t) and
np(t)andny(t) , in all temperature are similar and as wen(t) in terms of time are increased whilg(t) andE (t)
see in Figs.8 to 10 they coincide each other. Thys, are raised. Therefore, for having optimum valugaoiver
increasing temperature 1 keV to 70 keV the vanmetiof density and fusion energy gain using the aboveud&ons
alpha densityr(, (t)) versus time at first by increasing timewe select injection rate of deuterium and trittumda
is increased and then decreased while the produdie of resonant temperature respectively equa[(164cm—3 and
fusion plasma energyzf(t)) is increased until in resonant T, =60keV(see Table.3).
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Figure 9. The two dimensional variations of deuterium, tritium, alpha particles densities and plasma energy in terms of time at different temperatures
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Figure 10. The two dimensional variations of deuterium, tritium, alpha particles densities and plasma energy in terms of time at different temperatures
for D+T mixture under choosing Sy = 0.20 X 10%*(cm™3) and S, = 0.63 X 102*(cm™3).

Table 3. Time dependent of numerical values for fusion power density and

target energy gain.
D+T Sp = 0.63 x 10**(cm~3),S; = 0.20 x 10**(cm™?)
T, (keV) t (s P,,+T(t)(c—':ln/3) Gpir(t)
20 10720 1549.2E17 0.11802E-22
20 10~11 702.75E13 1.1798E-15
20 60 619.61E-6 0.572432E-7
20 110 619.61E-6 0.99075E1
40 10720 2827.6E17 0.21788E-22
40 10~11 1282.1E13 2.1777E-15
40 60 1131.4E-6 1.0566E-6
40 110 1131.4E-6 1.8288E1
60 10720 3092.4E17 0.23718E-22
60 1071 1401.9E13 2.3705E-15
60 60 1236.9E-6 1.1501E-6
60 110 1236.9E-6 1.9906E1
70 10720 3073.8E17 0.23485E-22
70 1071 1393.5E13 2.3473E-15
70 60 1229.5E-6 1.1389E-6
70 110 1229.5E-6 1.9711E1

6. Conclusion

omitted. By observing the related figures and tsie will
conclude that the maximum variations of particlagigées ,
plasma energy ,power density and target energy g
occurred in resonant temperature. From table.3 aee h
maximum gain equal to 19.906 at resonant tempexr&@Qr

keVv under optimum
conditions Sp = 0.63 x 10%*(cm™3), St = 0.20 X
10%*(cm™3%) ,t=110s.Finally, we concluded that the

maximum energy deposited in the target from D+T and
D+D reaction are equal to 19269.39061keVand
39198.58043keV,respectively. So, deposited energy ¢

reduce laser driver energy.

Nomenclature

o(E,;,p,) Fusion cross section

C;, C,,C5 3 adjustable parameters

m, Mass number for the incident nucleus
myMass number for the target nucleus

E,4p Deuteron energy in laboratory system
Z, ,Z, Charge numbers of the colliding nuclei

From this work, we conclude that resonant tempegatu < ov > Reactivity
for D+T mixture is 60 keV and in this temperature have m, Reduced mass
maximum energy gain. Our computational results sttt  k; Boltzmann constant
numerical values of stopping time,f ) are increased T Temperature

very strongly by raising temperature , while slowvigrease

& Energy in the center of mass frame

by raising target density. Another effective parameter on Pi, Input power

the value of stopping time is the deuteron energsh that

P, Driver power output

by increasing this energy stopping time is incrdagait by £, Thermonuclear fusion power

raisingnyin D+T reaction numerical values of stoppingP,; Thermal power

time strongly decreased. The important parametet thE,Average initial energy of the injected single ion

effect on the value of stopping range , is targaisity, by E,, Asymptotic thermalized energy of the injected singl
increasing target densify; .. is strongly increased. The ion

multiplication factors and total deposited energies time
independent because in calculating these parametéss €nergy input to the plasma

F The ratio between the fusion energy producedtlaadon
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K, Atomic fraction (4]
(Ef)xEnergy released per fusion for the injected lioof
speciek

m,The mass of electron

In A, Coulomb logarithm for D+T fusion reaction

m; The mass of the injected ion

T, The target electron temperature

Z, The atomic number of target fuel ions

pTarget density

©p+1 @p+p ENergy multiplication factor for the hot spot
heating by the charged particles in D+T and D+D [9]
&p+1r Ep4p The total energy that could be deposited into the
target due to combined deuteron ion heating andnbea [10]
target fusion for D+T and D+D

RsThe deuteron stopping range

tsThe deuteron stopping time

vp The deuteron velocity

E The deuteron energy

np The density of deuterium ions

nr The density of tritium ions

n, The density of thermal alpha-particles

Sp » Sy The source terms which give us the fuel rates
7, The lifetimes of deuterium and tritium

7, The lifetime of thermal alpha-particles

7, The energy confinement time

Q. The energy of the alpha patrticles

P,,q The radiation loss

ApBemsstrahlung radiation coefficient

n, The electron density

Zqsr The effective atomic number

Z; The atomic number of the different ions

G (t)The fusion energy gain in terms of time

Ef(t)The energy due to the number of occurred fusion

reactions in target in terms of time [18]

E4-iver The required energy for triggering fusion reactions

in hot spot [19]

Pp . (t)The fusion power density in terms of time for D+T
(20]

(5]
(6]

(7]
(8]

(11]

(12]

(13]

(14]
(15]

(16]

(17]
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