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Lawrence Livermore Laboratory 

University of Calfiornia, Livermore, CA 94550 

ABSTRACT 
Discussed are energy depositions in the first wall of various proposed 

laser-fusion reactors and the effect of pulse time on the s-.ress and tempera
ture in the first wall. Simple models can be used to estimate the tempera
ture and stress rise from x-rays and neutrons. More compler-analysis is 
needed to estimate the response of the first wall to reflects^ laser light 
and the pellet debris. 

1. INTRODUCTION 
Surface conditions in laser-fusion reactors will depend on the first 

wall materials, the energy flux, and the partition of the energy from the 

pellet irradiation and burn. The surface conditions at the f irst wall 

will determine the lifetime of the first-wall materials and the pumping 

power required to evacuate the roicroexplosion chamber to a pressure of 

0.1 torr prior to each explosion. In the effect, the first-wall design 

will control the design of the entire reactor system. 

The purpose of this paper is to briefly describe several conceptual 

laser-fusion reactor first wall designs, and the models used to calculate 

the deposition of energy from various sourcss in the first wall. Also 

discussed is the effect of the energy deposition time on the first wall 

stress and temperature. 

* Research performed under the auspicet. of the U.S. Energy Research and 
Development Administration under contract No. W-7405-Eng-48. 
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CONCEPTUAL LASER-FUSION FIRST HALL DESIGNS 

Several conceptual designs have been proposed for pure laser-fusion 

reactors to cope with the characteristic f i rs t -wal l problems typical of 

iner t ia l ly confined fusion reactors. Three different types of f i r s t wall 

have been proposed: a dry wal l , a wet wal l , and a magnetically shielded 

w l l . They d i f fer primarily in the way the f i r s t wall interfaces with 

the laser/pellet interaction and burn debris. 

The dry-wall concept uses an unprotected metal or graphite wall be

tween the blanket and microexplosion chamber. A metal f i r s t wall is de

sirable because a fabrication is relatively simple and the vapor pressure 

is low such that the vacuum-system power requiremetns are small. On the 

other hand, helium ash from a thermonuclear burn does not diffuse into the 

vacuum chamber when deposited in a metal f i r s t wa l l , causing spallation of 

the metal. Hydrogen isotope debris reacts with graphite, forming methane 

and acetylene[2], which are rare d i f f i cu l t to vacuum pump than the inorganic 

pellet debris. Also, these organic gases w i l l add another step in the re

processing of the unburned t r i t ium. 

The wet-wall concept features a th in , l iqu id , lithium layer over a 

niobium f i r s t wal l [3,4]. The l ithium w i l l protect the niobium from the 

soft xrays as well as from the charged particle debris, but a large vacuum 

pumping power is required due to the high vapor pressure of l ithium. Another 

disadvantage is thctt complex f i rs t -wal l designs must allow the coolant to 

migrate from reservoirs to cover the f i r s t wall liners after each micro-

explosion. 
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The magnetic-shield concept uses a solenoid surrounding a lithium 

blanket to divert the pellet debris from a dry niobium first wall[S,6]. 

The energy of the pellet debris is deposited in regions outside the 

microexplosion chamber. The magnetic-shield concept does not protect 

the first wall from the photon or X-ray flash during the microexplosion 

process. I f a liquid metal is selected as a coolant, the pumping power 

required to move the liquid metal will increase i f movement occurs across 

magnetic field lines. The blanket modules and the first wall of such a 

reactor would be less accessible than those of a dry-wall arrangement. 

3. ENERCr DEPOSITION IH THE FIRST WALL 

The stresses and temperature rise in the first wall are a function 

of the energy deposition of the various laser/pellet interaction and 

bum products in the first wall. The present models used to estimate the 

energy deposition in the first wall for the laser light reflected from the 

pellet. X-rays and pellet debris from the microexplosion are described 

below. 

Part of the laser light reflected from the pellet is deposited and part 

is reflected from the first wall. Thus, the photon energy will be deposited 

in a series of pulses, each with a diminished amplitude. This, by thermal 

diffusion of the energy reduces the temperature rise in the first wall due 

to the photons. 

The first-pulse energy density, q"' , of the photon deposition in the 

first wall is 

rE. aZ , 
q " ' ( x ) = 5"nTtz~ e x p ( - r x ) = Z (rW e"P r £ XJ • k J / c " 3 
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where R is the first wall radius in meters, a is the absorptivity of 

the first wall surface, x is the wavelength of the laser light in 

um, E. is the laser energy into the reactor chamber in kO, and r is 

the reflectivity of the pellet to the incident laser light. The photon 

energy attenuation coefficient t can be estimated using classical re

lationships for the propagation of electromagnetic radiation in homo

geneous, isotropic, conducting media at rest[7]. 

The total X-ray energy from a typical reactor microexplasion is 

about IS of the thermonuclear yield. From a typical X-ray spectr.i»:[4], 

the energy deposition as a function of depth for several first-wall liner 

designs is shown in Fig. 1 for a 100-HO-yield microexplosion with a first-

wall radius of 1 m. The results scale to different microexplosion energy 

yields and first-wall radii by the ratio of the microetplosion energy 

fluence. The fraction of the incident X-rav energy flux that escapes 

through the 0.7-«m liner is less than 10* for various liner material 

combinations, except for the solid graphite liner, whici; transmits about 

601 of the incident X-ray energy flux. The bulk of the X-rays are pro

duced during ine thermonuclear burn, which typically lasts about 10 ps. 

The pellet blast debris from a laser-fusion reaction consists of 

tritons. alphas, and deuterons, as well as residual products (first wall 

material, etc.) from the previous microexplosion. For a Maxwellian energy 

distribution of a given species of debris, and assuming that these particles 

deposit tlieir energy E uniformly over the range P(E) in the first wall and 

that the range of the particles of a given species of debris is proportional 

to their energies such that PjUj ) x ° i E i • t h e energy deposition at a depth x 

In the first wall is an integrated Maxwellian distribution as shown in Fig. 2 
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where the ordinate is the energy deposition normalized to the <urface 
energy deposition, and the abscissa is the position normalized to the 
range of a particle whose energy is the average of the debris energy 
spectium. The total energy distribution in the first wall is given 
by summing the above distribution over all species. The pulse time 
over which 90t of the debris energy arrives is 

T = o.am^/cT)}/2 s. 

where H. is the mass of the pellet in grams and c T is the energy into 
the mass in joules. Note that the above expression for the pulse time 
neglects the lower 5S of the debris energy as well as 51 of the high-
energy tails. Also, the charged particle energy deposition is not a 
consideration in the design of a magnetically protected first wall. 

The first-wall neutron fluence per OT microexplosion is 

13 

(RT) ^ 
n = 2.8 x 10 

f L I 
m2 • pulse. 

where Q is the pellet gain. Since the neutrons from a laser-fusion 

reactor arrive in 10-ps pulses, the damage mechanisms for such reactors 

«ay be different from magnetically confined fusion reactors with the 

sane time averagrj neutron flux. 
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4. EFFECTS OF ENERGY DEPOSITION TIME ON TEMPERATURE AND STRESS 

For each source of energy deposition in the f i r s t wall we assume 

over the pulse time T that 

q " W = qjj1 exp [-ox], 

where q"' is the energy deposition in the surface layer of the first 

wall and a is the energy attenuation coefficient through the first 

wall. We define the characteristic thermal time of the energy deposition 

in the first wall as the ratio of the ensrgy storage in the distance o" 1, 

to the rate of heat conducted across the distance a , or 

t T - rva]-> , 

where a is the thermal d i f fus iv i ty of the f i rs t -wa l l material . We also 

define the characteristic mechanical time of the energy deposition fn 

the f i r s t wail as time required for a oisturbance to propagate the distance 

a'1 , or 

Tm = [oc]~ , 

where c is the wave velocity in the f i rs t -wal l material. The typical 

ene.'oy attenuation coeff icients, pulse times, and thermal and mechanical 

times are shown in Table I for fusion reaction products. The X-ray energy 

attenuation coefficient given is due primarily to the soft portion of the 

X-ray spectrum. For the purpose of this study, the alpha particles are 

assumed to be part of the charged-particle debris. For pellets that w i l l be 

used in a reactor, most of the alpha-particle energies w i l l be deposited 

in the pel le t . Only about 5 to 1CX of the alpha particles interacting with 

the - i r s t wall have an tnergy signif icantly greater than the average pel let 

debris energy. The neutron energy deposition in the f i r s t wall is small, 

but the data given in T?ble I are relevant to the interaction of the neutrons 

with the blanket material. 
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A qualitative comparison of the various times from Table I is shown 
in Table II. Also shown in Table II is the relative surface-layer energy 
deposition, which is simply the surface flux times the energy attenuation 
coefficient. 

The temperature rise and peak stres?. due to the energy deposition from 
the X-rays and neutrons can be estimated using very simple models because the 
pulse time is short compared to the characteristic mechanical and thermal 
times. The use of the simple models for the stress and temperature due to 
the energy deposition from photons will result in ovarestimates of both the 
stress and temperature since there will be some stress relief and diffusion 
of heat during the photon pulse time. The stress due to the charged particle 
energy deposition can be deternrned by quasi-static thermoelastic or visco-
elastic theory[8]. The larges'; s-irface-layer energy deposition will be from 
either the charged particles, or the laser photon^ reflected from the pellet, 
depending on the ratio of the pellet reflectivity to the thermonuclear gain. 

5. CONCLUSION 

The surface problems in an iner t i a l l y confined fusion reactor are 

different from those in a magnetically confined fusion reactor with the 

same time-averaged f i rs t -wal l neutorn energy f lux. These differences 

are due to the arr ival of the charged part ic les, X-rays, and neutrons 

in extremely short-time pulses in the low-duty-cycle, iner t ia l ly confined, 

laser-fusion reactor as opposed to the long-time pulse in the high-duty 

cycle typical of the magnetically confined fusion reactions. 
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Because of the complexity of the laser/pellet interaction and burn, 

as well as the interaction of photons, X-rays and burn debris with the 

first wall, the models presented here for ths energy deposition in the 

first wall are only simple estimates. A more accurate treatment of the 

response of the first wall to the short pulse times will require obtaining 

better equation-of-state data for some proposed first wall materials, as 

well as the solutions to the mathematical behavior of continuous media 

under dynamic conditions. Finally, the analysis and lifetime of the first 

wall will need to be verified under experimental conditions using a laser 

fusion research facility[9,10]. 

A great deal of effort, patience, and invention will be required before 

pure laser-fusion reactors can contribute appreciably to our national energy 

supply. This effort, involving in interdisciplinary approach by scientists 

and engineers, will need to be focused on first-wall, pellet, and laser design 

and development. Because of the importance of the first wall in determinirg 

the overall reactor design, materials scientists will play an important role 

in the development of commercial laser-fusion power. 
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TABLE 1 

Energy Attenuation Factors and the Pulse Time, and Mechanical and Thermal Charac
teristic Times for Laser Fusion Reaction Prodi.cts in Typical First Wall Materials 

Photons 
10B 

X-rays 
10 5-10 6 

Particlei 
10 5-10 6 

Neutrons 
a, m"1 

Photons 
10B 

X-rays 
10 5-10 6 

Particlei 
10 5-10 6 1 10 

T . S 10" 1 0 lo-n 10' 6 ID"!! 

V s 1 0 " n 10_« -10'* 10' 9 -10 - 8 lO^-lO" 3 

T T . t 10" » 10"7-I0"S lO^-lO"* 10 3-10 s 

TABLE II 

A Relative Comparison of the Surface Layer Energy Deposition, an<l Qualitative 
Comparisons of Pulse, Mechanical and Thermal Characteristic Times of Burn Reaction 
Products 

Photons 

X-rays 

Charged Particles 

Neutrons 

Surface 
Energy Deposition 

3 x 10 7 (r/Q) 

5 x 10 3 

5 x 10 s [.2 + (l-r)/Q] 

1 

Times 
T * TT % \ 

T < T„ « T 7 

T m «« TT % T 

r = pellet reflectivity to incident laser light 
Q = thermonuclear gain of the pellet 
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Lithium over niobium 
Niobium 

— Stainless steel 
i Graphite (1.65 g/cc) 

Graphite over stainless 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 
Distance from front surface, mm 

Figure 1 . X-Ray Energy Deposition for an X-Ray Fluence of 80 KJ/m 
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0.2 

R = first wall radius 
M ; = molecular weight of debris i 
nr = mass of debris i . . 
M T = mass of pellet 
E T = pellet energy 
A 0 = Avogadro's number 
a. = range-energy constant for species i 

in first wall material 
q"'(x) = energy deposition of species i" 

at position x in first wall 

8 9 10 11 

Figure 2. Charged Particle Energy Deposition in First Wall. 
The ordinate is the energy deposition normalized to the surface 
energy deposition, and the abscissa is the position normalized to 
the range of a particle whose energy is the average of the debris energy soectrum. 
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