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Abaract: This p_er report.,, the _ _ of the maaeria/ er,_on modeling, therm_-hydraulic and structur'al
kI:U_S-III double-nuU divertor. The divertor coolant tulles are anadyses , a_v_ion auessm_t, disruptions tolerance, and
made froth W-3Re afloy and cooled t_y subcooled flow _ of tritium _ues.
organic coolant. A coa_ing of 4 mm thick tung_en is plaema
sprayed onto the divertor surface. Th_ W lair can wi_d Configuration

the thermal depo_tion of a few disruptions. At a maximum A_RIE_HI is a D-SHe advanced fuel tolmmak reactor

surface he_ flux of 5.4 1VIW/m2, a conventiona/diw_or design design [1]. It has a double-null divertor cotffi&_.u-ation. Its ma-can he used. The divertor surface is conZoured to have a constant
• ]or radius, Mpect ratio, and plasma elongacion are 7.5 m, 3,

heac ftuz of 5.4 _,fW/m _. The ne_ croon of the W-surf_ was
found to be negligible aC abou_ 0.i mm/year. After 3 yem_ of and 1.84, respe_ively. There are twe_y TF coils and the vac-

uum pumps are located at the bottom of the _ [2]. A
operation, the W-3Re alloy AllIES-III divertor can be dispoe_ sdrematic of the ARIES-III divertor is illu_rated in Fig. 1. The
of as _ A wa_e. In order to control the prompt dose release detailed confi_ration of the divertor geometry was selected by
a_ site boundary to less than 200 Rem, isotopic tailoring of the the design iteration between the p_ boundary physics study
W _iioy will be needed, which specifi_ the c_stribution of _he divertor surface heat [oazi;

and therma/-hydraulic and structura/designs which speci.,-Cyma-
Introduction teria/temperatu_-e and struc_ura_ loading details. The reference

The Advanced Reactor Izmovacion EvaiuaCion Study divertor de_n h_ its plasma facin_ surface contoured to allow
(AR.[ES) has completed the conceptua/ design of ARIES-III, a con_ant he_ flux of 5.44 MW/m _, as shown in Fig. 2. This
a 1000 _'VfW(e) tokazna_ read, of-_g the D-SHe adv-az_cedfuel deign apprm_ lea_ to a minimum outbo_-d d_ver¢or len_h
cycle and opermiz_ in the secoa_i stability re,me of phy_ic_ [1]. of 97 cre.
The .4.EIES-III divertor en_neering deign is a critica_ p_.-'_ of Plasma Boundary Physics Results
the _LRIES-LII reactor study, re_ntin_ an integrated design
effor_ from dii_ are_. The desi_ goalsareto use the same The B_ code [31, a two-_i_m,._,_ona/, multifluid code
coolant and ma_eria_ sdected for the blank_ and shield design; was used to study the panicle and enerK_ traz_or_ in the plasma
akm for design simplicity, and optimize the passive sa.fe_y fea- edge of the ARIES-III design. The results obtained are the di-
tures of the design by makin_ u_e of the relative low neutron verror surface hea_ flux distribution and edge plasma conditions.
wall Ioazlin_ of 0.07 _IW/m _ _t. the divertor. A summary of the These a_,-einputs for the calcu_ion of the strucrura_ maceria/
outbom'd divertor design is reported in this paper.._.rea.s covered temperature distribution and the net erosion m_e of the selected
tn this paper are: divertor geometry and co__iona/design, divertor su_ace mate.ria/. De_ai_ of the Braams code ca/cula-
divertor plasma chara_eriza_.ion from B_ code modeling, tion and results are reported in Ref. [4]. In summa_, based on
surface coating and s_r-ucrura/ maceria_ sdection, net su_ace the comfi_-ation that the divertor surface is inchned 10° to the
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6 B-2HEATFLUX.AT 10= TO Acfivmion As_s_memt

LINE Neutron activation analysis w-am performed for the

ARIES-IH clive_cor desiEn using a one-_;mension_ model. The
-_ goal is to de_ermine the induced doac_ivities and agterheat

contributions of the reference design. Det_ of this activation
4

"" _sesm_nt can be found in reference I4]. The one-dimensionalx
= model cotmist_ of a 0.3 m plasma scrape-oiT region, a 2 mm

_- ho_ zone d tune, en, a 2 mm structur_ tubing w-_
2 made of ferritic stem[, and a 34 mm coolkng zone composed of

t_

z 25% o_c coolant, 25% ferritic steel, and 50% void, all by
volume percentS. A 0.5,5 m ferdl:ic _eeI shield zone was aiso
included in the neutz_nic calcul_ion to determine the neutz_n

0 I i i flux and spectrum in the _cor components.
0 50 I00 150 200

Neutron fluxes and spectra were calculated with the monte-
PLATE LENGTH (ca) _.rlo t_ code, MCNP, and the cont_a-aou5 energy nu-Fig. 3. Divertor heat fluxdis_'ibutionat 10° ;n¢lineto the

i=oioid=i'field I;rm. clear ciata Libra_ bued oa ENDF/B-V evaluations[Ii].Actf
va_iem calcul_icms we_ performed using the REAC-2 code and

f_or of __2 with _ to the critical heat flux (CHF). libra:ies [12]. The total neutron wall Ioadt_ emptoy_d in tire
Detatl_ of the ARIES-III therm_-hydrmalic desi_;n and s_ruc- a_'fiv_ion ¢mlcul_ioas is 0.07 _/m 2, with contributions from
rural design analy_s aze prese_zted in P_. 18]. both DD (2.45 MeV) mad DT (14.1 MeV) neutrons. A ratio of

3 mm mm=ned for DD and DT neutron w_ Ioadings based on
The ARI_S--III design haa t_zo poloidal divertors which the physics performau_.

r_nove a to_ad tl_-rm_t power of 629 MW. The total pow_ is
shared equally by the top and bottom dive, ota, and in each oi" It wa_ found tlm_ the induced radioa_ivities and af_terheat
the cliverCors, the outboazd plate w-_ a_mzmd to receive twice _ he_ing totem in the run,ten layer axe initiaUy dominated by
much power a_ the inboard plate. W-3Re a£1oy is tire stmc-tur_ W-187, until about one clay after shutdown. They are them
material. The he_treceivingsuda_ of the ARIES-III di_ _ed by W-185, at levels about two orders of inaptitude
consists of 3 mm in=de _er W-3Re alloy tube bank with smad1_, until _bo,a_ one year a£'ter sh_ztdown. The long-term
0.2 mm thickw-_d_.. In order to withs_mmlthe thesm_ power activities are Hf-178m2 (_-i_e 31 yeaz) and Re-186m (hal_-
depoeition of a few disr_tions, the plamm_ _ su_ace of Life 2.0 x 10_ year). The hea:in_ r_e in the tune, en layer is
the tube bank is cmUed witha 4 mm thickiso_opicallytailored 0.71W/ce at I h aftershutdown, ltr_duces,by only a factor

tungsten. The coo_,uttubes axe laidRorm_ to the toroidal of 2,to0.38W/ce atone d_y m%er shutdown. At I0 days a_-

dirt_ion with the inletman£foldunder t_ X-point and the tershutdown, the he_in_ rated_ by about one orderof
outlet man_olds at the end of the pl_e, a,sshown in Fig. I. m_nitude and is 0.025 W/cc.

To en2mnce the coolin_ca_ility of or_mic coolant, The waste _ L_ues in the tungstenlayerand the
subcooled flow boiling he_C tramder hM to be used. The film e_h'e di'_s_or ¢ompo_emt _ ev=luated, Ef-I78m2, P_-IfBm,
cemper_ure chop in nonboilJ_ he_- t_ is obt_ed h-ore and H_-I82 (hMf-I_e 9 x 106 year), mm idemLfied as major long-
convectivehe_t tran_erequationfor or_mic coolant. The cal- lived r_lio_cHdes hmporta_t for ClassC and C1a_s A w'_e
cu_ed he_ tr-'4n_er coefficient is reducedby 37% toaccount dispo_dconsiderations.The concemtr,_tionIJmits evaluated by

for the effect of nommHorm sxu--fx_ehe_ flux [9]. It is a_amed
thacsubcooledflowboiling(SFB) takes piace when the coolant/

w_I] int_e te_perature exceeds the s_tur_tion temper_ure Tablei
by 350C or more, which is lower than the oE_erv_ wall super-
hear llmit for the onset ofnucleate boi_ a_ 5,50C. By control- Main Redo|tsof ARIES-til Divertor Design
Hng the coolan_ presmu_ at the exit end of the coolant tube, a

safety L_:or of 2 with r_pec_ tc_CEF was obtained [8]. Parameter Value

Pr_stu_ and therm_ stress ana_y_ inthe coolanttube
Total thermal power(MW) 629

were performed by the finite element code ANSYS [I0]..The Outboard piacethermalpower(MW) 209
coolantcubeisanalyzedusingan axisymmetricmodel. Conser-

Outboard plate lenKth(m) 0.g7
_m_ively, sy-mm_ry between adjacent tubes was assumed. Re-

Coem_nt heatflux (MW/m 2) 5.4_
suits show that the ma_dm_--nstress occurs at the h:]J.c_section Coolanttube material W-Re

wh_erethe coolantpresa_L_eis the highest. Ma_mum equivalent Tube irmdedia_ (mm) 3.0
stressesat the coolant inlet;section is 347 M_Pa. These equivalent Tubewall thickrm_m(mm) 0.2
stress axe signi_cantly smaller than the design limits of 400 MPa Tun¢_n coating thicknes (mm) _.0
for tu_J_en _lloy [8]. Organiccoo|ant HB-_

Sele_ed results of the therma_-hydrauJ.ic and s_ruc_u_ Coolant inis/exit terr_eramres (=C) 340/425
designs axe summaxized in Table l. Coolantflowvelocity (m/s) I5.6

Cootant inlet/exit I_r_re (MPa) 5.34/1.0
It should he empha-_ized that the hea¢ traz_er correlations Safety factor w.r.C.CHF _>2

t'or organic coolants axe based on very limited e_perimenta2 data Total coolant flow rate (ma/s) 3.35
which axe mostly unpublished, onlya few of them axe published Pumpingpower[MW(e)] I8
as institution mpo_s. Fuz_her work is required tound_and Maximum material temperature (°C) 821
the phenomena o,_convective heat transfer a_d subcooted flow Maximum equivalentsires=(MPa) 347
boilingof organiccoolants.
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Fetter [13] were employed for the CI&._ C waste disposal criteria, disruptions without ca_.astrophic damage to the divertor. The
For ali Class A w'a._es, a factor of 10 lower than the concen_r_ aet sur£ace material erosion was found to be negligible as about
tions su_mted by Fetter, were aszmmed. When conmd_ only 0.1 mm/year. Neutronics results show that the generation of _-
the run,ten [aye,r, the total waste disposal rating for Ch_s A, terheat is very sm_. After 3 years of operation, the AR/ES-III
which is dominated by the Hf-I78m2 _-Zivi_y, is 0.19 alter one divertor can satis_ the rating of Cla_s A waste. With isotopic
year of operation. This implies that the tungszen laver _lone tailoring of W, even under the worst accidental condition, the

be _owed for at Iea_ 5 yean of operation before the waste divertor total reactor release at site boundmr3r _ be Less than
disposal rating reaches the _t for Cla_ A dispoeal. For the 200 rem. This ailows AR_S-IH to be rated as a Level of Safety
W-3Re alloy, with the additional con:rloution _ 3% Re, the Assurance (LSA) Level-2 design. The key uncertainty of this de-
divemor will be allowed for at leant 3 yea_ of operation before sign is the compatib_ty of the orgamic coolant with the W-3Re
the w-_Ze d_pe_al r_img reaches the limit for _ A _ alloy. A surface co_ing to prevent the formation of WC will be

Among the induced radie_ctive isotopes, W-180 and W-182 needed. Subcooled flow _mili_ heat transfer of organic coolant
a_e the main isotopes to generate appreci_e _ of the will also need to be fu_her studied.
r_te dispe_ rehL_ed lob-lived radionuclide, Hf-I78m2. Rel-
atively, W-I83 shows dae lea_ induced radio_--iivities atirecti_ Ack_qmmmt

both the a.--Cterheatand w_te dispoe_t r-atin_. It is the besZ This work was sponsored by the U.S. Department of Energy
isotope chosen for APJES-HI reactor to reduce the prompt ac- under Contract No. DE-AC03-89ER52153.
ddemal dose. This will be needed in order to meet the acdden_al

site boundm7 release l;m;t d 200 rem [4]. Refe_mces

D_mFtm Effect [1] F. Najzmttmdi, _The ARIES-III Design," to be published

For the ARIES-III desisn , it w_ estimaled that durimg in these proceedings.

disruption, 6.2 GJ of thermal energy and s portion of the ma_- [2] S. Shm-M_, eta/., _Design Layout and Maintenance of the
netic exl_ could be rele_d on a sm_Ll _on of the divertor ARIF.3-11I T01mmak Reactor," to be published in these
area (total = 177 m_). Typiadly, in 0.1 to 1.0 ms an energy" proceeding.
density ranging from 3,5 to 70 MJ/m a could be expemenced. Cal-
culations show thatabout0.3to0.6mm ofW would be r_moved [3]B. J.Braam_, "A Multi-fluidCode forSimulationofthe

per disruption due to thermal evaporation of divertor plate sur- Edge Platma in Tolmmalm," NET Report NR. 68, 1987.

face. (Assuming no vapor shielding or redepo_ition.) With a W [4] F. Na_, eta/., "The ARIES-III Final ReporZ," to be
coating thickne_ of 4 mm, ARIES-III will be able to withstand published by UCLA.

a few di.sruptio:m. [5]M. F.Smith,Priv_e communication,SandiaNationalLab-

Divertor Tritium Issues oratories, March, 1991.

For the plasma driven tritium di//am_onin the divertor [6]J. N. Brooks, "Moddi_ and Analysisof Erosionand
Redepomtion forLimiterand DivertorImpurity Control

regime, _here is no hmdamental _ce between tritiffinper-
mea_ionina D-T and ina D-He _ re_r. The key ci_e_mce Systems," Nuc/. _ voL 4, p.33 (1983).

is on the flux level impinging the divertor. The flux of tritium [7] J. N. Brooks, "The International Thermonuclear Experi-
parzides for a D-aHe reactor is more than a factor of a Mm- memal Reactor Divertor," _ks/on Te_:hnol., voL 18, p. 239
dred lower than th_ of a D-T re_-_or. Therefore, it isexpected (1990).
that the tritium permeation ra_e is also more than a factor of
I00 lower. Relatively, this is a much le_ severe problem when [8} H. Z. Ha,_n, _Fnermal-Hydraulic Design of ARIES-III

Divertor with Organic Coolant in Subcooled Flow Boiling,"
compared to a D-T reactordesign[I4]. to be publishedin these proceedin_o

Condmims [91 M. Z. Hasan and T. Kunugi, "Entry-Length Effect on the

The ARIES-III divertorengineeringdesignrepresentsan Thermal-Hydra_c DesignofPlasma-FacingComponents
integrated efforZ f_m different areas. The selected structural of Ftmion Reactors, Part-II: MHD Flow," to be published

materialand coolant axe W-3Re alloyand organiccoolant,re- inFumon Techno/ogy.

spec_ivdy. The coolan_ inlet and oufle_ _emperatures of 340° [I0] G. J. DeSalvo and J. A. Swanson, "ANSYS User's Man-
and 425°C were setec_ed to match the blank_ coolant condi- ual," S_ Analysis Systems, Inc. (1979).
tions, in order to simplify the balance of plant design. At a
recyclingcoe_cientof 0.993,and a core radiationfractionof [11]_MCNP -- A GeneralMonte Carlo Code forNeutron and

25%, the maximum surface loading is at 5.44 MW/m a. Based Photon Transport, Version 3A," J. F. Briesmeister (ed.),
on conventionaldivertordesign,theplamma f_in_ surfacewas Lo_ Alamos NationalLaboratory,LA-7396-M, Rev. 2,

contoured to allow a constant heat flux of 5.44 _f'vV/m 2, while September 1986.

maintaining the surface temperature of 821°C, which ia le.,mthan [121 F. M. Mann, "REAC-2: Users Manual and Code Descrip-
the design limit of 1500°C. This was possible when subcooled tion," Westinghouse Hanford Company, WHC-EP-0282,
flow boiling was used to improve the convective heat transfer December 1989.
proper_y of the organic coolant. The maximum equivalent stress
is 347 MPa, which is lower than the design limit of 400 MPa for [I3] S. Fetter, E. T. Cheng, F. M. Mann, "Long-Term Radioac-

tive Waste from Fusion Reactom: Part [I," Fuaion Eng.
W-alloy. To accommodate pos_ib|e fluctuation in the peak heat
flux and s_V away from film boiling, a safe_y favor >2 has Design, vol. 13, p. 239 (1990).

been maintained along the entire length of the coolan_ tubes. A [14] F. Najmabadi, et-/., "The ARIES-[ Final Report," to be
4 mm thick coa_ing of W was applied to withstand as Iea.st a few published by UCLA.
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