
x f_fw_blanket (PFi.22) x M (PFi.4)

x f_shield (PFi.23) x M (PFi.6)

Power Flow V.5 
Corresponding to ASC 
ASC v.35, 2/2012, LCC

P_neutron
= 4.0 x P_alpha

P_alpha
(phy.53)

P_fusion

0.8 x P_fusion

Additional Plasma Heating:  
1. η_LH                     (PFi.12)
2. η_ICRF fast wave (PFi.13)
3. η_EC                     (PFi.14)
4. η_NB                     (PFi.15)
5. η_generic CD        (PFi.16)

P_neutron

P_CD (physics.25) 
η_CD_generic (PFi.12) 
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P_plasma 

FW/Blanket

FWBS 
Inboard

HT Shield

FW/Blanket HT Shield

Low-
Temp
Comp.

Low-
Temp
Comp.

Divertor Blanket HT Shield
& Repl. 

HT shield

Low-
Temp
Comp.

Divertor/Blanket/Shield

x f_n_blanket_ob (PFi.45)

x f_n_blanket_ib (PFi.46)

x f_fw_blanket (PFi.22) x M (PFi.5)

x f_shield (PFi.23) x M (PFi.7)

P_net_electric =  
  P_gross_electric 
- P_plasma_heating/ eta_plasma_heating 
- P_cd_generic/ eta_cd_generic 
- P_aux_func 
- P_cryo 
- P_pump_blanket/ eta_pump_lm_mech 
- P_pump_divertor/ eta_pump_he;

4

4

P_gross P_net_electric

P_pump_blanket_SiC
(IB only, PbLi only) 

LM mech. pump η (PFi.35) 

Brayton Cycle
η_brayton = function of 

NWL_max and 
surface_heat_flux_max

SiC η ~ 57%, DCLL η ~ 42 %

Heat 
Exchanger 
- Helium -

Heat 
Exchanger 

- PbLi -

P_plasma_heating
= (P_aux_for_power_balance (phy.26) - P_CD (phy.25)) 

η_plasma_heating (PFi.19) 

P_rad_chamber
= Bremsstralhlung (phy.22)
+ Cyclotron (phy.27)
+ Line (phy.29) 

P_particle
= P_plasma
-  P_alpha_loss
-  P_rad_chamber

P_pump_blanket_DCLL
(IB only, PbLi & He cooling) 

LM mech. pump η (PFi.35) 
He pump η (PFi.11) 

P_pump_divertor
(He cooling)  

He pump η (PFi.11) 

x f_n_div (PFi.44)

P_rad_edge

P_cond_divx (1 - f_div_rad)

x f_div_rad (PFi.2)

x 
f_

ra
d_

ed
ge

 (P
Fi

.3
)

x f_
rad_edge_blanket_ob (F

W_ob_area_fra
ctio

n)

P_neutron 
_OB

P_neutron 
_IB

x f_div_plates (PFi.24) x M (PFi.8)
x f_div_blanket (PFi.25) x M (PFi.9)
x f_div_shield (PFi.26) x M (PFi.10)

x fdivcondi (PFi.29)
x fdivcondo (PFi.28)
x fdivradi (PFi.31)
x fdivrado (PFi.30)

x f_rad_blanket_ob (PFi.53)

x f_rad_blanket_ib (PFi.52)

x 
f_

ra
d_

di
v 

(P
Fi

.5
1)

"P_lm_pump_recovered"

x eta_pump_he (PFi.11)

Divertor Pumping 
Power Switch:
1. T-tube             - or -
2. Plate (HCFP)  - or -
3. Finger (HCPF)

Blanket and Divertor Pumping Powers:
P_blanket_sic = (f_blanket_ib) * P_neutron * f_nmul_fw_inboard + P_rad_first_wall_IB [W]
P_pump_blanket_sic = (0.43840*(flux_neutron_wall_Ave/1.0e6) + 0.00036) * P_blanket_sic/100.0 [W]
P_blanket_dcll = (f_blanket_ib)*P_neutron * f_nmul_fw_inboard + 

       (f_blanket_ob)*P_neutron * f_nmul_fw_outboard + P_rad_first_wall [W]
P_pump_blanket = (0.03602*pow(flux_neutron_wall_Ave/1.0e6,2) +

  0.03056*(flux_neutron_wall_Ave/1.0e6) + 
  0.38359)*P_blanket_dcll/100.0;

P_pump_divertor = pumping_power_divertor(flux_divertor_Max)*P_thermal_div/100.0 [W]

2

Pumping Power Switch:
1. SiC blanket    - or -
2. DCLL blanket

"P_lm_pump_recovered" (OB pump power TBD)

Notes :
1. "PFi.#" = PowerFlow input file line #
2. "phy.#" = physics input file line #

FWBS 
Outboard

IB OB

P_transport

Power Generation
P_fusion

= P_fusion x (0.8 * M + 0.2)

Power Losses
sum all system 

losses

P_net_electric
~1000 MW

P_FWBSGroup [i] [j] [k]:
i=0 [neutron] 
i=1 [condRad]
j=0 [fw_blanket]
j=1 [shield]
k=0 [outboard]
k=1 [inboard]

P_DivGroup [i] [j]:
i=0 [neutron]
i=1 [condRad]
j=0 [divPlates]
j=1 [divBlanket]
j=2 [divShield]

P_FWBSGroup [i] [j] [k]:
000 [neutron]    [fw_blanket] [outboard]
001 [neutron]    [fw_blanket] [inboard]
010 [neutron]    [shield]         [outboard]
011 [neutron]    [shield]         [inboard]
100 [condRad] [fw_blanket]  [outboard]
101 [condRad] [fw_blanket]  [inboard]
110 [condRad] [shield]          [outboard]
111 [condRad] [shield]          [inboard]

P_DivGroup [i] [j]:
00 [neutron]   [divPlates]
01 [neutron]   [divBlanket]
02 [neutron]   [divShield]
10 [condRad] [divPlates]
11 [condRad] [divBlanket]
12 [condRad] [divShield]

LT_div_loss

HX 
- NaK -

TBD

P_thermal
hot He ~1000C

Tritium
extraction

2

P_
th

er
m

al_
div

10
0%

 H
e

LT_fwbs_loss

He heat flow stream

PbLi heat flow stream

Merging
heat
flows

x% He

P_thermal_fwbs
Need to split

IB/OB PbLi/He

P_thermal_fwbs

P_thermal_div

2

2

P_aux_for_ 
power_balance

(phy.26)

0.2 x P_fusion

P_plasma_heating_loss

P_CD_loss

P_alpha_loss

P_brayton_lossx (1 - η_brayton) 

y% PbLi

P_pump_blanket 
_DCLL_loss

× [(1 - η_LM) x f_pump_PbLi 
+ (1 - η_He) x f_pump_He]

P_pump_blanket 
_SiC_loss

× (1 - η_LM_pump)

x f_alpha_loss (PFi.0)

x f_
rad_edge_blanket_ib (FW_ib_area_fractio

n)

x (1 - f_rad_edge)

He

He

P_pump_divertor_lossx (1 - η_He_pump) 

Energy Balance Check

0.2 x P_fusion
P_n_LT

P_div_LT

x (1- η_CD_generic)

x (1 - η_plasma_heating) 

x f_div_LT (PFi.54) x M (PFi.57)

x f_LT_OB (PFi.56) x M (PFi.59)

x f_LT_IB (PFi.55) x M (PFi.58)

"Low-temp component"
is the vacuum vessel

~150-200 C

FWBS Group

Div Group

These are the thermal contributions from the pump
 medium to the blanket that can be recovered as heat.

"P_he_pump_recovered"
x% f_pump_PbLi

x% f_pump_He

x (1 - f_alpha_div)

P_aux_func + P_cryo
= (cryo + misc) (PFi.17) 
+ magnet cryo (PFi.18) 

3

P_thermal =
   P_FWBSGroup
+ P_DivGroup
+ P_pump_blanket
+ P_pump_divertor

3

Power Losses =
   P_CD_loss
+ P_plasma_heating_loss
+ LT_fwbs_loss
+ LT_div_loss
+ P_pump_blanket_loss
+ P_pump_divertor_loss
+ P_brayton_loss
+ P_aux_func
+ P_cryo

x f_alpha_div (PFi.1)

 

LM Ring
Manifold

x fdivrado (PFi.30)
x fdivradi (PFi.31)

Other 
heat 

streams

SCLL & DCLL

DCLL only

SC
LL

 &
 D

CL
L


