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RCCS 

• Passive heat removal safety system
• Necessary to preserve radial temperature 

profile of HTTF
• Air-cooled and water-cooled designs• Air-cooled and water-cooled designs
• Scaling done for air-cooled design



RCCS Design



RCCS Operation
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RCCS Momentum Scaling
Conservation of Momentum

( ) ( )inlet outlet F K accdown up
p Lg p Lg P P Pρ ρ+ = + + Δ + Δ + Δ

where

p – duct inlet or outlet pressure
(ρLg) – gravity head
ΔPF – frictional pressure drop
ΔPK – minor loss pressure losses
ΔPacc – pressure drop due to fluid acceleration



RCCS Momentum Scaling

Gravity Head Momentum Terms

( ) ( )l g g dL l g g dLρ ρ ρ ρ+ = +∫ ∫

( ) ( )inlet outlet F K accdown up
p Lg p Lg P P Pρ ρ+ = + + Δ + Δ + Δ

• Integral term represents change in density in heated length

• Other term is gravity head above heated length 

( ) ( )
h h

C top H topdown up
l l

l g g dL l g g dLρ ρ ρ ρ+ = +∫ ∫

( ) , ,C H tc RCCS C tc RCCSgL TL gρ ρ ρ β− − = − Δ

written algebraically



RCCS Momentum Scaling

Frictional Pressure Losses

( ) ( )inlet outlet F K accdown up
p Lg p Lg P P Pρ ρ+ = + + Δ + Δ + Δ
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Upcomer Pressure Drop Contribution



RCCS Momentum Scaling

Pressure Drop Due to Acceleration

( ) ( )inlet outlet F K accdown up
p Lg p Lg P P Pρ ρ+ = + + Δ + Δ + Δ

2
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Using Boussinesq Approximation

acc

z z ρ
= ⎜ ⎟∂ ∂ ⎝ ⎠

2 2
2 1 1

1H C C H

T G G
G T

T

β β
ρ ρ β ρ ρ

⎛ ⎞ ⎛ ⎞Δ− = = Δ⎜ ⎟ ⎜ ⎟− Δ⎝ ⎠⎝ ⎠



RCCS Momentum Scaling

• Additional loss term for minor losses and horizontal piping contributions

• Non dimensionalize
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• Non dimensionalize

• Divide by ρc, u0
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RCCS Momentum Scaling
Non Dimensional RCCS Momentum Equation
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RCCS Energy Scaling

Energy Transfer from Vessel Surface

( ) ( )4 4
, , ,core out RCCS rad s out RCCS rad s s out RCCSq h A T T A T Tε σ= − + −&

Necessary Preserved Ratio
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RCCS Energy Scaling

Energy Transfer through RCCS Duct Walls and to Air
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RCCS Energy Scaling

• Choice of convection coefficient

• Richardson number is much less than 1 0: Use forced convection coefficient

Total Resistance through RCCS Duct Walls to Air

,
, , ,

1RCCS
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x
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k A h A
Σ = +

• Richardson number is much less than 1.0: Use forced convection coefficient

• Gnielinski Correlation: Valid 3000 ≤ Re ≤ 5 x 106
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RCCS Energy Scaling
Energy Transfer to Air and Corresponding Temperature Rise

core p RCCS pq mC T a uC Tρ= Δ = Δ& &
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Assuming Property Similitude

Necessary Preserved Ratio



Reference Velocity
• Natural circulation velocity used for preservation of momentum equation 

ПRCCS,Ri and for energy equation temperature rise

• Common method is to neglect acceleration losses in momentum equation and 
equate simplified equation with temperature rise equation

• Solve ΔT and u0 simultaneously
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HTTF RCCS Design

• Momentum equation Pi group preservation
– ПRCCS,acc preserved by property similitude and 

RCCS temperature rise preservation
– ПRCCS,Ri preserved by 1:4 length ratio and 

1:56.85 flow area ratio
– ПRCCS,F ratio ~1:4.  Use of orifice plates and 

extra horizontal piping so ratio 1:1 



HTTF RCCS Design

• Energy equation preserved ratios
– Radiation surface area from vessel, same as 

power ratio 1:113.7
– RCCS flow area ratio: 1:56.85
– Series thermal resistance: flexibility to choose 

from duct wall thickness, material, duct hd, and 
duct surface area

– Flexibility in choice of total number of ducts
– Outer RCCS duct surface area ratio: 1:111.9



HTTF RCCS Design
• Design for insulated outer vessel surface area 

design

• 18 ducts, in three groups of six around vessel

• Aspect ratio of 5.7, similar to VHTR RCCS aspect 
ti f 5 0ratio of 5.0

Reactor

Insulation

RCCS Upcomer
Ducts



Questions?Q



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


