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Power Balance in Fusion Plasmas

Problem: (100 points) Consider a DT plasma with n, = 10%°/m3,

np =nr £ npr, kT, = kT, = kT = 10keV, energy confinement time

T = 2.4282s, « particle build-up concentration 7, = n,/n. = 0.15, and impurity
concentration r; = ny/n,. with atomic number Z; = 8.

(a) (20 points) Give an expression for the DT density (npr) in terms of n..
(10 points) Give an expression for the plasma density n in terms of n.
(10 points) Give an expression for the plasma Z. ;.

(10 points) Give an expression for the Bremsstrahlung power loss.

(20 points) Give a value for the r; needed to achieve
P, = 5.8733 x 10*W/m3.

(f) (20 points) Give a value for the auxiliary power needed to achieve
steady-state operation.

(g) (10 points) What is the @ for this plasma?
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Power Balance in Fusion Plasmas

(a) Quasi-neutrality condition:

Ne = 1Ny
Ne = Nnpip+nrZr+nagle+niZy
Ne = nNp+nr+2n,+niZ;

Ne = Np+nr+2rane +rmels

Assuming np = nr L npr < np+np =2npr,
Ne = 2npr + 2roNe + Z1T N, (1)

which yields
(1 =2rq — Zrrr) ne (2)

DN | =

npr =
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Power Balance in Fusion Plasmas

(b) The total plasma density is given by n = n. + n;, where

n; = Zn?on =np+nr+neg+n;r=2npr +rofe + rine. 3)
J

Thus, using (1) and (3),

n=n.+n, = (2npr+2rane+ Zirine) + 2npr + roane + rine)
= dnpr +3rane + (Z1r + )rne

Using the expression for npr from (2), we can finally write

1
n = 4 <§ (1—=2r, — ZIT[)TL6> + 3rane + (Z1 + D)rne

= 2-71a—(Z1 =) ne (4)
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Power Balance in Fusion Plasmas

(c) Effective Z:

g ni(Z;)?  npZh+nrZi+naZi+niZ}

=2 = "

1

np + nr n 4n, + Zl2n1
Te Tle

2npr i An, + Z%n;

Ne Ne
= QZIZT +dro + Ziry.
Using (2), we can write
Zeps = (1=2ra—Zrr1) +4ra + Zirr

= 1+27’a+Z](ZI—1)’I“] (5)
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Power Balance in Fusion Plasmas

(d) Bremsstrahlung Power Density:
Pb = CTLi\/TZ@ff
Using (5), we can write

P, = Cn*NT[142rq+ Z1 (Z1 —1)71] (6)
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Power Balance in Fusion Plasmas

(e) o Power Density:

P, = npnr(ov)prE,
= nhr{ov)prEa
Using (2), we write
TL2 2
Pa = Ze (]. — 2T‘a — Z[’I‘[) <0’1)>DTEQ
Then, P
4P, 2
I VS
(ov) prEqn? ( fa i)

Assuming 1 — 2r, — Zyr; > 0,

4P,
<0"U>DTE0/IL£

1 4.5.8733 x 104W/m3
rp=—

=_|1-2.015— 5| =o0.01
8 1.09 X 10—22m3 /s x 3.5 x 106eV x 1.602 x 10—19J/eV x (1020/m3)
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Power Balance in Fusion Plasmas

(f) Steady-state Power Density Balance:

Paux+Pa - PL+Pb
Pypue = Po+ DBy — Py

From the problem’s conditions, P, = 5.8733 x 10*W/m?.

Using (6), now we can compute

Pb = anﬁ[l + QT‘Q + Z] (Z[ — 1) T’]]
— 5x10-7Wm3/VEeV (102 /m?)*V10keV [1 4 2x0.15 + 8 (8—1) 0.01]
= 2.9409 x 10*W/m3
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Power Balance in Fusion Plasmas

Using (4), the total density can now be computed as
n=02-ry—(Zr—1)rr)ne=(2-0.15—- (8 —1)0.01) n. = 1.78n. (7)

Therefore, using (4) and (7), the power losses can be written as

3nkT 3(2—ro— (Zr = Drp)nekT
b TE B TE
31.78n kT
i —
3 x 1.78 x 102 /m® x 10 x 10%eV x 1.602 x 107197 /eV
- 2.4282s

1.7616 x 10°W/m?

Finally, we can write

Puuz = Pr + Py, — P, = 1.4683 x 10°W/m?
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Power Balance in Fusion Plasmas

(g) Using the fact that Py = 5P, in a DT plasma, we can obtain

Py 5P,  5x5.8733 x 10'W/m?

= = = =2
Q P{I’U,(I,' Pauoc 1.4683 x 1O5W/m3
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