
Yogyakarta, 18 - 22 May 2026



2026Follow Up Training Course on Reactor Engineering and Safety: High-Temperature Gas-Cooled Reactor

Biodata

• Nama  : Andi Sofrany Ekariansyah

• Kantor  : Pusat Riset Teknologi Reaktor Nuklir (PTRKN)

• Jabatan  : Peneliti Madya - IVc

• Kelompok Riset : Sistem keselamatan reaktor nuklir

• Pendidikan:

✓S1 Teknik Energi: Georg Simon-Ohm, Nurnberg, Germany 1997

✓S2 Teknik Mesin - Konversi Energi: Universitas Indonesia, 2024

• Pelatihan / Training:

❖Longterm Training on Nuclear Safety and Safety Regulation 1997, Japan, 3 months

❖Scientist Exchange Program, Japan, 2000 - 2001

❖Study on Nuclear Desalination in Madura Island, Korea, 3 months -2002

❖Instructor Training Course, Japan, 2 months - 2011 



2026Follow Up Training Course on Reactor Engineering and Safety: High-Temperature Gas-Cooled Reactor

Outlines

Basic concept of nuclear reactor thermal hydraulic

Overview of PWR and BWR Cooling System

Thermal Hydraulic Safety Margin in PWR and BWR Core

Analysis Tool and Method, Experiences in TH analysis
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Basic concept of nuclear reactor thermal hydraulic

• Three fundamental knowledges:

– Thermodynamics

– Fluids mechanics

– Heat transfer

• how heat is generated, transferred, and removed inside a nuclear reactor using flowing 
coolant.

Main purposes:
• Fuel temperature stays below damage limits
• Coolant can remove the generated heat
• Temperature, pressure and flow remain stable
• The reactor remains safe during accidents
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Operational temperatures in Light water reactor (LWR) and High temperature gas reactor (HTGR)

Parameter  LWR HTGR

Coolant Water
(PWR: not boiling)
(BWR: boiling)

Helium

Core outlet temperature ~290–330 °C ~700–950 °C

Fuel type UO₂ pellets TRISO

Fuel peak temperature ~ 1500–2000 °C 
(2800 °C: melting)

~1200 – 1600 °C
(> 1600: increased particle coating 
damage)

Moderator Water Graphite

Pressure Very high
(15 MPa in PWR)
(6.9 MPa)

Moderate
(3 – 7 MPa)

Thermal efficiency ~33% 
(core heat to steam generation)

~40–50% possible 
(core heat to useful heat)
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Heat generation in the reactor core

Basic concept of nuclear reactor thermal hydraulic

• ~ 93 %  as kinetic energy 
of fission fragments: 
heating the fuel directly

• 200 MeV ≈ 3.2x1011 Joule
• (Energy per fission)

Core thermal power:

Energy per fission x Fission 
rate = Joule / sec = Watt
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Heat Generation in the Reactor Core

PPF = q'_max / q'_avg

Fuel rod cross section

• Power (P) ≈ Volumetric heat generation (q′′′, Watt/m3)
• Assuming heat is generated from the fuel centre to the 

entire volume, the TC = Tmax

• Because fuel rod is multilayered heat-conduction medium 
(heat conductivity, k):

• T in radial = TC -
q′′′. 𝑟2

4𝑘

• Looking at T = TC – TS = 
q′′′. 𝑟2

4𝑘
=

q′
4𝑘𝜋

• Then q′ = π. 𝑅2q′′′ = linear heat generation rate (W/m)

• Temperature profile is nearly parabolic
• T depends on heat conductivity and linear 

heat generation rate
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Axial Fuel Rod Temperature Distribution 

• T depends on heat conductivity and linear heat generation rate
• The thermal conductivity of UO2, varies significantly with 

temperature, and depends on its density and on burnup. 

Temperature distribution inside gap (between rod and cladding):
• Heat leaves the fuel rod surface as heat flux
• Lower k to decrease the temperature (Tgap= 50 – 300 °)
• Normally as Helium
• Heat transfer occurs by gas conduction, radiation (and solid contact)
•  = hg (gap conductance)
• Gap heat transfer = q′′= ℎ𝑔. (𝑇𝑓𝑠 − 𝑇𝑐𝑖) = surface heat flux (W/m2) 

q′′=
q′

2𝜋. 𝑅
• If linear heat generation rate is known: 

• Cladding conduction (For cylindrical conduction):
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Dependence of Fuel Rod Heat Conductivity on Temperature
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Heat Transfer to coolant

HT coefficient in:

• PWR:
✓mostly single-phase forced 

convection
✓ h≈20,000−100,000 W/m2K, 
✓ relative stable due to pressure
✓ T coolant rises gradually

• BWR:
✓ nucleate boiling heat transfer
✓ h≈50,000−300,000 W/m2K, 
✓ Changing
✓ Boiling, vapor fraction, flow 

regime
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Boiling heat transfer regimes in a heated channel

PWR fluid region
SNB allowed locally, increases HT coefficient

BWR fluid region (esp. annular)
high vapor fraction, significant boiling
Annular: liquid film wall, steam center

Critical point (Departure from nucleate boiling / 
DNB)
No liquid film, small HT of steam 
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Core Power Density

Core density due to:
• Core size

o Compact (PWR)
o Larger (HTGR > BWR)

• Coolant phase:
o Single, suppressed (PWR)
o Boiling, low density (BWR)
o Gas phase (HTGR)
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PWR and BWR Core Map

Overview of PWR and BWR Cooling System
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PWR and BWR Fuel Assembly
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PWR and BWR Fuel Assembly Specifications
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PWR Core and Reactor Pressure Vessel
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BWR Core and Reactor Pressure Vessel
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PWR and BWR Reactor Pressure Vessel Specifications
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PWR Cooling System
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BWR Cooling System
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PWR Reactor Pressure Vessel Flow Pattern
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PWR Nuclear Steam Supply System
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BWR Nuclear Steam Supply System
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PWR and BWR Nuclear Steam Supply System
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Heat Balance of PWR Core

W = coolant mass flow rate (kg/sec)
h = hout – hin  (kJ/kg)
Cp = coolant specific heat (kJ/kg. K)

Typical commercial Thermal power:

W = 17000 kg/s
Cp = 5 kJ/kg

T = 35 °C

h = 175 kJ/kg
Q ≈3000 MWt
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Heat Balance of BWR Core

W = coolant mass flow rate (kg/sec)
h = hout – hin

hsub = his - hin = sensible heating
hfg = latent heat vaporization
his = saturated liquid enthaply
x = vapor fraction at core outlet

Typical commercial Thermal power:
W = 14000 kg/s (P = 7 MPa)
hout / hin ≈ 1450 /  1200 kJ/kg
h = hout 

hfg = 1500 kJ/kg
his = 1260 kJ/kg
x ≈ 13 %​

Q = 3500 MWt
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Vapor and Water in BWR Core

BWR thermal power:

W = 14000 kg/s (P = 7 MPa)
hout / hin ≈ 1450 /  1200 kJ/kg
h = hout 

hfg = 1500 kJ/kg
his = 1260 kJ/kg
x ≈ 13 %​

Q = 3500 MWt
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Thermal Hydraulic Safety Margin in PWR and BWR Core

• q′′ = heat flux from rod to coolant
• CHF = maximum heat removal 

capability
• Tsat = should stable or below CHF 

point
• Nucleate boiling: most efficient region 

for heat transfer and fuel cooling
✓ Subcooled boiling (PWR): Tbulk < 

Tsat

✓ Nucleate boiling (BWR): 
• After CHF: Tw high, wall (cladding) 

overheating
➢ Point of safety in PWR and BWR
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TH safety margin in PWR: 
• Minimum Departure from Nucleate 

Boiling (MDNBR)

• DNBR: 
𝐶𝐻𝐹

q′′actual
• q′′ actual > CHF: lower than MDNBR
✓ Typical PWR: 1.30 – 1.35
✓ Advanced PWR: 1.4 – 1.8

TH safety margin in BWR: 
• Minimum Critical Power Ratio (MCPR)

• CPR: 
𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑝𝑜𝑤𝑒𝑟

𝑎𝑐𝑡𝑢𝑎𝑙 𝑝𝑜𝑤𝑒𝑟

• Power as dryout occurs
• Actual power defines the annular flow 

(liquid film covering the wall)
• Typical BWR: ~ 1.25–1.3
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MDNBR

Minimum Departure from Nucleate Boiling Ratio
(The most critical TH safety limit in PWRs)

• Ratio of CHF to local heat flux. 
• MDNBR > 1.3–1.5 to prevent film boiling and fuel 

damage..

Peak Fuel Temperature

T_fuel,max < T_melt

UO₂ melts at ~2,865 °C. Peak centerline temperature 
must stay well below this, typically designed for < 
2,200 °C to allow margin.

Peak Cladding Temperature

PCT in LOCA Scenarios

During a Loss-of-Coolant Accident (LOCA), PCT must 
stay below 1,204 °C (2,200 °F) per NRC regulations to 
prevent cladding oxidation and failure.

Coolant Void Fraction

Steam quality limit

In BWRs, high void fractions reduce moderator density 
and neutron moderation. TH and neutronics are 
tightly coupled for stability.

Thermal Hydraulic Safety Limits
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Analysis Tools and Methods

System Codes

RELAP5 / RELAP-7 — transient TH analysis
TRACE — NRC best-estimate code
CATHARE — European system code
Used for LOCA, transient, safety analysis

Sub-channel Codes

COBRA-TF / VIPRE — detailed core analysis
FLICA — French sub-channel code
Resolve local heat flux and DNB conditions
Used for fuel assembly design

CFD Codes

ANSYS CFX / Fluent — general CFD
OpenFOAM — open-source CFD
Star-CCM+ — industrial simulations
Detailed 3-D flow and heat transfer

Coupled Codes

Neutronics + TH coupling essential
PARCS/RELAP5, SIMULATE-3K
Multi-physics for transient analysis
Required for Anticipated Transient Without 
Scram (ATWS)
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Pengembangan model AP1000 untuk simulasi kecelakaan

• Verifikasi Kecelakaan Hilangnya Aliran Air 
Umpan pada Reaktor Daya PWR Maju - Jurnal 
Tri Dasa Mega 2012

• Pemodelan Sistem Pendinginan Sungkup secara 
Pasif menggunakan RELAP5 - Jurnal Tri Dasa 
Mega 2012

Penambahan 
sistem pendingin 
pasif: 
• ADS, CMT,
• PRHR-HX, 

IRWST
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Pengembangan model AP1000 untuk simulasi kecelakaan

Performance Analysis of AP1000 Passive Systems During Direct Vessel Injection (DVI) Line Break- Atom Indonesia 2016
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Pengembangan model RSG-GAS untuk simulasi kecelakaan PARAH

RELAP5 Simulation For Severe Accident Analysis of RSG-GAS Reactor – Jurnal Tri Dasa Mega 2018

T cladding during LOFA, Full Power, no 
Trip

T cladding during 1 blocked 
subchannel, Full Power, no Trip

T cladding during 2 blocked 
subchannel, Full Power, No Trip
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Status (2025) Approximate Number

Operational reactors 415–417

Under construction 72–75

Permanently shutdown 210+

Reactor Type
Approximate 
Number Operating

Share of World Fleet

PWR ~300–310 ~70%

BWR ~60–65 ~15%

PHWR / CANDU ~45 ~10%

Gas-cooled reactors 
(AGR/GCR/HTGR)

~15 ~3%

Fast reactors (FBR) ~2–4 <1%

LWGR / RBMK ~8–10 ~2%

Other types Few <1%



Terima kasih
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