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Refining the Scope of Supply

Heat Exchanger State of the Art: National Lab Perspective



‘ Scope of Supply: Primary Heat Exchangers ()
oo towTons S oty Design Line Item m Cold Side | Comment(s)

::z i i w ¥ Composition Varies Particles, salt, gas
_ sooi [ Rea'c"tgr“ fzw Flow / kg/s-MWth 4to5 3to6  Trades with AT
% 4oo§ L. _ ! ;n»_w R”g“;" Inlet Temp / °C 635 ~470 Trades off with
g SN Outlet Temp / °C  -485 620  storage cost
j:z W)*Di:_:w FRILJP pcé"m Pressure Drop / bar 1 1 . 2 to 10 'FI)'rad.esl wit: lefficiency
LA MAWP / bar by 250  oricies, A
e MDMT / °C 649 649  Code Case 2577
TG scojome  HRTERIR o T g Flow Direction Down Up For gravity flow/drain

Est. Channel Size 5 mm 1 mm

| ] End Connections Clamp Clamp  Grayloc-style
o P e LD . A Materials $31600/3 S31600/3 Particles
Y | $347097  $31600/3 Molten Salt
S31600/3 S31600/3 Gas

l Particle Outlet : ; /!
~580-615°C &0, in



‘ Scope of Supply: Recuperators

Temperature (C)

700 -
600
500
400
300 ]
200

100 1

thT mp m

Turbin

pa Composition

_ sMW Flow / kg/s-MWth 3tob
i g Inlet Temp / °C ~470
Ly Outlet Temp / °C <150
o ¥ Pressure Drop / bar 2.5
, uwéf/“‘(;;m | MAWP / bar >70
‘ A ’ MDMT / °C <550
Flow Direction Any
Est. Channel Size 1 mm
End Connections Clamp
Materials $31600/3

3tob
>100
~470
2.5

250

<550
Any

1 mm

Clamp

$31600/3

[=9 ,l‘

N‘é°?p“:¥¥”m‘s H” Design Line Item m Cold Side | Comment(s)

Trades with AT, config

Trades off with cycle
config/efficiency

Trades with efficiency

Code Case 2577

Grayloc-style



‘ Scope of Supply: Direct Air Coolers
WECCTe Wl Desicn Line Item m Cold Side

Temperature (C)

700 -
600 1

500

High Temp

Low Temp

Recuperator 5a

Recuperator

{

400 3 urbi

300 ]
200 ]

100 1

h=50%
Turbine

-

900 g/

Composition

200 MW,
Reactor Heat
Input

S e Flow / kg/s-MWth

Q
S
\4@3 %

Inlet Temp / °C

— High Temp
- Recuperator

Outlet Temp / °C

<(
‘%\
3, 0p,
0 Op
Sy

<+ T Split Flow

Heat Rejection
2
Entropy (kJ/kg K)

—— LowTe emp

[ I Pressure Drop / bar
ecuperator,
MAWP / bar
= ’ MDMT / °C

Flow Direction
Est. Channel Size
End Connections

Materials

3toé
150
55
2:5
250
200
Any
1 mm
Clamp

531600/3

100-250
~30
60
Varies
~1
200
Any
1 mm
Clamp

531600/3

Due to pinch
Trades off size, pinch

Trades with blower

Grayloc-style



Current Efforts to Improve Performance

Heat Exchanger State of the Art: National Lab Perspective



Performance Validation @

7

DOE-EERE Funded Projects /DOE_NOCts\

N .

Particle-sCO2 at Sandia (SUNLaMP) Chloride Salt-sCO2 at ORNL (FASTR) Nitrate-sCO2
Compact Air Cooler (Not Shown) woride Salt-sCO2 (Not Showﬂ




/ hermal Fatlgue & Cree\

Recuperators: Cost Reduction

/Pressure Fatlgue\

/ Universities \




Development Needs & Knowledge Gaps

Heat Exchanger State of the Art: National Lab Perspective



Development Needs: Primary Heat Exchangers

High Temp Low Temp

200 MW Heat Source
Net Output Turbine = 100 MW

700 -

Recuperator 5a Recuperator

s h=50% )
] & s Turbine
B 4
600 7| 200 MW, ]
] %) Reactor Héat 13111 MW
] ! Inpu 900 kg's
500 1 5
S /s &
T > £
5 400 7 oh T
igh Temp
E . * Recuperator
2 300 >
£ ] Oy, 4lpe
S N g 3 « 0p,
= ] %0 Op
5 Rs, Sy
200 7 Compressors 2a~ 5a 4
CR=27 S, Constant
g <+ Low Temp Pressure Curves
100 - — W6 Recuperator
i 2 40% flow,
] 10.1 MW s+ Split FI
1 & 100 MW __,_/sowc plit Flow
0 J=== s Heat Rejection
1 1.5 2 2.5 3
Entropy (kJ/kg K)
Pa§i7cl7esgelet Moving Packed-Bed sCO, Flow Configuration

sCO, Inlet N

~565°C

!

~~ “Diffusion Bonded .
Microchannel Plate
for sCO, flow

Particle Outlet
~580-615°C

Particle Flow

2
O
K Ed ) :
] W)
| ] i
afticle How \ i
N B I\ 11
11
o ‘," - { 11
w % ¥ IV 1
- A LA
" 2 AN
o N B \ | 1] Bank 2
& X VAN
1N |
N B Ji i 11
g P i
> AU
S
M
AAAAAAAAAA Bank 3
i # 1
1
I f
:
i Yy

sCO, out

/

kv'
I EELLE
1111

sCO; in

1. Hot-side fluid compatibility
> Molten chloride salts

> Liquid sodium

2. Header/manifold arrangements
o Especially for wider plate spacings

3. Thermal fatigue/creep validation

> Not required for ASME BPV
Code Section VIII but important

4. Demonstration at =1 MWth scale

5. Faster, cheaper shim fabrication

o Chemical etching is a major
schedule and cost bottleneck




11 | Development Needs: Recuperators

Temperature (C)

700 -
600
500
400
300 1
200

100 1

High Temp @
Recuperat Recup

200 MW Heat Source

Entropy (kJ/kg K)

3. Thermal fatigue/creep validation

[ 200 MW, “ f
RH/\ > Not required for ASME BPV

Code Section VIII but important

5. Faster, cheaper shim fabrication

o Chemical etching is a major

Net Output Turbine = 100 MW
O h=50%
\ | / \| [ /
g - S y
A 40%]
5
Q’D
Turbine
Constant
Pressure Curves
Recuperator|
;g“;_m 100 qu;‘_‘\ Split Flow
Je=T 1T } Heat Rejection
1.5 2 2.5

" schedule and cost bottleneck




12 I Development Needs: Direct Air Coolers

200 MW Heat Source
700 High Temp Low Temp Net Output Turbine = 100 MW

| Rl o, s " T 5. Faster, cheaper shim fabrication
600 1 o/ |~
500 1+ )1 '"P"Ee » \ > Chemical etching is a major
g ] X3 i 3?0
g 400 o] schedule and cost bottleneck
© ] / “—  Recuperator
& 300 e
£ ] e 0”’%’ & I, (0 - #
" oo ot ——— 25 \ %\C 6. Balancing compactness and air-
E CR‘N\’ ‘_E_’_w'w 3 'I;ow Temp Press?:r::tgﬂtrves @ .
w0 f e et side blower size/cost
I o "t oo .
| 5 2 o5 3 o Large air-side heat transfer area

Entropy (kJ/kg K)

o Increasing compactness increases
blower size, cost, and ducting

o Intermediate water loop adds
considerable operating costs




13 ‘ Conclusions

Tl
Energy Storage
(Discharging)

Tower /
Receiver System

mmmmmm

He
jection

* Suggested baseline scopes of supply
* MAWPs and MDMTs

* Normalized flow and pressure drop

* Can leverage several key activities
* 10 to 100 kW, Performance Demonstrations

* Component-level R&D for cost reductions

* Several development needs remain
1. Hot-side fluid compatibility
Header/manifold arrangements
Thermal fatigue/creep validation
Demonstration at 21 MWth scale

Faster, cheaper shim fabrication

P T g 3

Balancing compactness and air-side blower
size/cost




