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1 Introduction

This report describes the design for a continuous horizontal hot gas duct in detail. The design is
based on the data from Mr. Alain Gerber from NFEVES (see attachment 1) for the hot gas duct for
the GT-MHR reactor design.

The continuous horizontal hot gas duct is split in several sections. Each normal section is 1620 mm
long. For connecting to the upper core structure or the helium turbine inlet we need shorter sec-
tions, but for the FEM-analyses made by EA the longest section should by calculate.

In the attachments 3 to 5 the detailed construction for the continuous hot gas duct is shown.

The reproduction, transmission or use of this document or its contents is not
Framatome ANP GmbH P

permitted without express written authority. Offenders will be liable for
damages. All rights, including rights created by patent grant or registration
of a utility model or design, are reserved.
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2 Normal working conditions

Normal working conditions are fixed by NFEVES (see attachment 1). Therefore we have the fol-

lowing data:

Hot gas side:

Helium inlet temperature:
Helium outlet temperature:
Helium pressure:

Helium mass flow:

Cold gas side:

Helium inlet temperature:
Helium outlet temperature:
Helium pressure:

Helium mass flow:

3 Materials

850 °C
848,4 °C
70,8 bar

316,19 kg/s

487,9 °C
487,8 °C
71,6 bar

318,2 kg/s

The materials chosen are specified in our e-mail dated 13. January 2003 (see attachment 2).

For the fibre insulation you must calculate with a thermal conductivity of 0.55 W/mK at the tem-

perature of 850 °C.

4 Special data

In completion we specified following data:

e Each insulation fibre area is filled with 90 Vol% helium.

o The shown depressurisation gaps in the positions 1, 5 and 6 are only pre designed. This de-
sign must be confirmed by the FEM-calculations.

¢ The shown depressurisation gap between position 5/ 6 and 7 (15 mm) and the ring outlet in-
side the liner (100 mm) are only pre designed. This design must be confirmed by the FEM-

calculations.

Framatome ANP GmbH
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Attachment 1-1
VANVOR Dieter NGES3

Von: GERBER Alain NFEVES

Gesendet: Montag, 10. Februar 2003 17:23

An: Arturo Buenaventura Pouyfaucon (E-mail)

Cc: VANVOR Dieter NGES3; Laurent BRIOTTET (E-mail); BREUIL Eric NFEVEL
HAMY Jean Marie NFEVEK

Betreff: GT-MHR : nominal working conditions

Dear Arturo,

In your E-mail to M. Vanvor dated January the 9th about "HTR-E, WP1, Task D7b, Hot gas duct”, you ask nominal
working conditions data. These are the following (GT-MHR data) :

1 - NOMINAL OPERATING CONDITIONS

Hot gas size :

Helium inlet temperature : 850°C (= core outlet)
Helium outlet temperature : 848,4°C (=turbine inlet)
Helium pressure : 7,08 MPa

Helium mass flow : 316,19 kg/s

Cold gas side :

Helium inlet temperature : 487,9°C (=recuperator outlet)
Helium outlet temperature : 487,8°C (=core inlet)
Helium pressure : 7,16 MPa

Helium mass flow : 318,2 kg/s

2 - NORMAL OPERATION, LOAD CYCLING

The reactor load can be decreased from 100% to 30% (and inversely) at two load changes levels :
- low load change : 0,6% per minute
- rapid load change : within the range of 6% to 10% per minute.

- At 0,6% per minute, on both hot and cold gas sides :
* Transient induced temperatures variations are not significant.
* Transient induced pressure variations is about 0.042MPa per minute
* Transient induced flowrate variations is 1,9 kg/s per minute

- We have performed some calculations in the past conceming load change from 100% to 30% at 10% load change
level. It can be retained in a conservative approach :

* Outlet core temperature is regulated, so there is no variation of hot gas side temperatures

* Cold gas side temperature variation is -9K per minute at transient beginning, +1,14 K per minute at end.

* For both hot and cold gas sides, transient induced flowrate variation is -12,23 kg/s per minute in transient
beginning, then -1,74 kg/s per minute at the end.

- No data available for 30% to 100% transient, our fisrt calculations are not correct (code probiems). Moreover it
depends of Helium Service System capacity to fill the helium inventory. In a first approach, inverse data of transient
from 100% to 30% should be retained.

3 - GEOMETRICAL DATA

- Cold gas duct inner diameter : 2300 mm
- Hot gas duct outer diameter : 1700 mm
- Hot gas duct inner diameter : 1450 mm
- Hot gas duct wall thickness : 25 mm

4 - NEXT DATA
As promised in the november meeting in Juelich, we will produce envelope operation data for transient conditions in
March 2003.

FRAMATOME-ANP PVES

Tél. : (33)4 72747196

Fax :(33)4 727473 30

E-mail : alain.gerber@framatome-anp.com
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VANVOR Dieter NGES3 Attachment 2-1

Von: VANVOR Dieter NGES3

Gesendet: Montag, 13. Januar 2003 14:44

An: ‘abp@empre.es’

Cc: BREUIL Eric NFEVEI; 'laurent.briottet@cea.fr’; BRINKMANN Gerd NGES3
Betreff: AW: HTR-E, WP1, Task D7b, Hot Gas Duct

Dear Arturo Buenaventura,

To your E-Mail we take position as follows:

Objective and scope of the analysis
We need a FEM analysis of all construction units of the hot gas duct. This meens for detail:

e for the liner and the perforated pipe with a boil pressure of about 10 bars at 900 °C
e for the Vee-shaped spacers for a temperature differenz of about 600 K
e for the support pipe for a boil pressure af about 10 bars at 540 °C

But this data must be spezifide by NFEVE!!

Detailed geometry of the Hot Gas Duct:
This data and design specifications have to be fixed bei NFEVEI !

Materials:

Metal alloy 1.4876 for the liner, perforated pipe and the hot side of the vee-shaped sacer

Basis for the material parameters are the standards indicated according to German "Stahischliussel, 2001). In
this steel key as basis standard the EN 1009-1 indicates. In Germany aiso the material sheet SEW 470 is
permissible.

The material is classified as follows:

1.4876 X10NICrAITi32-21 / X10NiCrAlTi32-20

in USA: Type B 163, UNS No. N 08800 or N 08810 (AISI/SAE)
France: AFNOR Z 10 NC 32-21

Spain: UNE F.3314 - X 10 NiCrAITi 32-20

GB: B.S. NA 15 (XH)

Japan: JIS NCF 800 (TP)

Metal alloy 1.4571 for the cold side of the vee-shaped spacer an the support pipe
Basis for the material parameters are the standards indicated according to German "Stahischliissel, 2001). In
this steel key as basis standard the EN 10028-7 and EN 10088-1 one indicates.

The material is classified as follows:

1.4471 X6CrNiMoTi17-12-2

in USA: Type 316Tl, UNS No. S 31635 (AISI/SAE)
France: AFNOR Z 6 CNDT 17-12

Spain: UNE F.3535 - X 6 CrNiMoTi 17 122

GB: B.S. 320 S 31

Japan: JIS SUS 316 Ti

The boundary conditions and Nominal working conditions:
This data and design specifications have to be fixed bei NFEVEI !

Best regards

—-Urspriingliche Nachricht—-—
Von: Arturo Buenaventura Pouyfaucon [mailto:abp@empre.es]
Gesendet am: Donnerstag, 9. Januar 2003 18:08

25.02.03
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Attachment 2-2
An: VANVOR Dieter NGES3; BREUIL Eric NFEVEI
Cc: ‘Briottet Laurent (E-mail)’; Alfredo Orden (E-mail); Maite Dominguez
(E-mail)
Betreff: HTR-E, WP1, Task D7b, Hot Gas Duct

Ref: 092-110-CE-EA-SV-03/0001
Dear Mr Vanvor,

As discussed during last HTR-E Meeting held in FZJ (Nov. 2002), we will
carry out the themo-mechanical analysis of the horizontal Hot Gas Duct
between the reactor and the PCU.

We are willing to start working as soon as possible, so we request from you
the required input data for the analysis:

Objective and scope of the analysis (different types of analysis you require
us to perform, results you need, etc..)

Detailed geometry of the Hot Gas Duct (Diameter, etc..)

Materials (if German reference, the equivalence or directly the list of
characteristics)

The boundary conditions (fixing of reactor side and PCU side Hot Gas Duct
extremities)

Nominal working conditions

We are aiming to have the FE Model and calculations for nominal working
conditions by March 2003.

Best regards,

Arturo Buenaventura
Empresarios Agrupados
Mechanical Department
Tf: +34 91 309 80 00
Fax: +34 91 591 26 55

25.02.03
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