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Refining the Scope of Supply

Heat Exchanger State of the Art: National Lab Perspective



Scope of Supply: Primary Heat Exchangers
PO ... Linc item | Hot Side | Cold Side

700 1 Recupefalor ¢, Recuperaior X o509 o
500 £, Composition Varies Particles, salt, gas
s '(/ L Flow / kg/s-MWth 4to5 3to6  Trades with AT
% 400 | Tu *’Qig—_“ﬂ“ 52%}?2}5, Inlet Temp / °C 635 ~470 Trades off with
E‘ 0 e Ly, Outlet Temp / °C ~485 620 storage cost
] TEET T ew® . .ome Pressure Drop / bar 1 2to 10  Trades with efficiency
T i TR e 1 to 10 Particles. Salt
L1 e S MAWP / bar 0 250 articles, Salts
1 1.5 2 25 3 250 Gas
Entropy (kd/kg K)
MDMT / °C 649 649 Code Case 2577
s> R e o Flow Direction Down Up For gravity flow/drain
44 Est. Channel Size 5 mm 1 mm
] . End Connections Clamp Clamp  Grayloc-style
ifusion Sended G ‘ . Materials 531600/3 531600/3 Particles
| ‘ S34709? S31600/3 Molten Salt

Particle Outlet
~580-615°C

531600/3 S31600/3 Gas



Temperature (C)

Scope of Supply: Recuperators

700 -
600
500 5
400 urbi
300
200

100 ]

thT mp ®

200 MW Heat Soul

Net Output Turbine 200 MW

Recuperator 4 Recuperator )

6 h=50%

ATrbi
MW

200 MW, x
eactor Heal 1;8 Wk "
u @
le |
Q‘b
’\‘h

Composition

Flow / kg/s-MWth 3toé
Inlet Temp / °C ~470
Outlet Temp / °C <150

Pressure Drop / bar 2.5
MAWP / bar >70
MDMT / °C <550
Flow Direction Any
Est. Channel Size 1 mm
End Connections Clamp

Materials $31600/3

3toéb
>100
~470
2.5

250

<550
Any

1 mm

Clamp

S31600/3

Design Line Item Cold Side

Trades with AT, config

Trades off with cycle ]
config/efficiency ‘

Trades with efficiency

Code Case 2577

Grayloc-style



Temperature (C)

Scope of Supply: Direct Air Coolers

High Temp Low Temp Net Qutput Turbine = 100 MW

700 i Recuperator 5a Recuperator h=50%

] > A Turbine
600 : 200 MW, =

] tor Heat 1311 MW

] Input / \
500 15 AW / 5

4 Q‘b

] ) ‘hé

T A
400 1 urbi 82 W N

] “—" High Temp

] “—"  Recuperat
300

] s, Aae,

] & g,

] &) 00,()8
200 + TPressors 2a o i 92 c g

] CR-27 onstant

] \ — Low Temp Pressure Curves
100 1 5 / sromw 6~ ar

] fmww o c% o+ Split Flow

0 L FG< Heat Rejection
1.5 2 2.5 3

200 MW Heat Source

Entropy (kd/kg K)

Design Line Item Cold Side

Composition
Flow / kg/s-MWth
Inlet Temp / °C
Outlet Temp / °C
Pressure Drop / bar
MAWP / bar
MDMT / °C
Flow Direction
Est. Channel Size
End Connections
Materials

3tob
150
55
2.5
250
200
Any

1 mm

Clamp

$31600/3

100-250
~30
60
Varies
~1
200
Any
1 mm
Clamp
S31600/3

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



7 | Performance Validation
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Particle-sCO2 at Sandia (SUNLaMP) Chloride Salt-sCO2 at ORNL (FASTR) Nitrate-sCO? ‘
Compact Air Cooler (Not Shown) wuoride Salt-sCO2 (Not Showy I




/ hermal Fatlgue & Cree\

H

Recuperators: Cost Reduction
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Development Needs & Knowledge Gaps

Heat Exchanger State of the Art: National Lab Perspective



Development Needs: Primary Heat Exchangers

200 ;eiguhp.l;e":gr HI;D:JJ;;EW Net éﬂ?pﬂwl':lslb::iesoﬂrocg MW . . . e
; N ) e 1. Hot-side fluid compatibility
600 E [ 4 React:r%nzyky 1311§w .
500 : o Molten chloride salts
§ 0] o V4 ;%ng; > Liquid sodium
%1’ 300 / 2, e%
200 _W SRy Xy 2. Header/manifold arrangements
1 —_ Low Temp Pressure Curves
100 210 G or . . .
' B crin o Hspecially for wider plate spacingos
. . p y p p g
1 1.5 2 2.5 3

Entropy (ki 0 3. Thermal fatigue/creep validation
CUSC g scoouer  MORREERNIS SO NON COMARIT ° Not required for ASME BPV

o Code Section VIII but important

Bank 2

4. Demonstration at =1 MWth scale

Diffusion Bonded 1111
Microchannel Plate
for sCO, flow

sCO, Inlet

255500 Bank 3

5. Faster, cheaper shim fabrication

Particle Ou'glet
~580-615°C sCO, in

| . . : .
o Chemical etching is a major

schedule and cost bottleneck



Temperature (C)

200 MW Heat Source
Net Qutput Turbine = 100 MW

Turbine

1311 MW
900 kg's

700 E h=50%
600 : 200 MW AI
g Reactor Heat
] Input
500 15 . ST
4 Q‘b
] Ah
400 ~ urbi y B2 MW <
] “—" High Jemp
] “—  Recuperator
300 A %, Ao,
] ‘?09 ’0009
200 Rs, Sy,
] Constant
] re Curves
100 4
0 ]

11 I Development Needs: Recuperators

3. Thermal fatigue/creep validation

(¢}

Not required for ASME BPV
Code Section VIII but important

5. Faster, cheaper shim fabrication

O

Chemical etching 1s a major

schedule and cost bottleneck




2 I Development Needs: Direct Air Coolers

200 MW Heat Source
200 High Temp Low Temp Net Qutput Turbine = 100 MW

: = " 4 e 5. Faster, cheaper shim fabrication
600 1 200 MW, =
500 ) | il 4 l o Chemical etching is a major
Q 1 £273 ‘bgb
£ 400 1 Y| R schedule and cost bottleneck
« ] Recuperator
é’ 3002 B e, ) .
" 200 ] T \ 6. Balancing compactness and air-
E C%N\/_<:’ :ﬂﬂ_w Low Temp Press?;?:t(a:ﬂlrves . .
R o side blower size/cost
o 1= Heat Rejection .
1 5 > 25 2 o Large air-side heat transfer area

Entropy (kd/kg K)

0 Increasing compactness 1ncreases
blower size, cost, and ducting

> Intermediate water loop adds
considerable operating costs




13 ‘ Conclusions

-50 bar
as Y >
Circulator Multi Tank Contral & cosedvalve
PCM Storage Room -
System <

* 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
Hot-side fluid compatibility
Header/manifold arrangements
Thermal fatigue/creep validation
Demonstration at 21 MWth scale

Faster, cheaper shim fabrication

STl o

Balancing compactness and air-side blower
size/cost
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