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Acting in its capacity as one of France’s key players in the field of research 
and development, the CEA provides innovative technologies, expertise, 
know how, software, and supports its industrial partners by placing 
numerous test facilities specialized in various activities at their disposal. 
The  CEA has set up partnership with the KAYME instrumentation company 
demonstrating an example of two partners pooling their skills for the 
development and manufacturing of the coef h sensor.  
http://www-cadarache.cea.fr/valorisation/  

 Valuable offers / Interest of the coef h sensor 

The coef h sensor 

Patents 
 

The "coef h sensor " technology is patented by the CEA. The patent (FR2940435B1) expires in 

2028. 

  

The patent covers both sensor technology and its specific processing algorithm. Designed for making thermal measurements for thermal fatigue studies and in 

particular for thermal fluctuations in the mixing zones, this sensor was 

developed by the CEA (Cadarache Research Centre) under a partnership with the 

Kayme company which specializes in advanced instrumentation activities. 

The coef h sensor is an advanced specific sensor that can provide local thermal 

data under a high dynamic.  Researchers and industrial designers benefit from 

this sensor since it has all the required thermal parameters including the heat 

transfer coefficient to qualify any  exchange between a flow versus a wall.  
coef h sensor 

and its fastening screw 

system 

The coef h sensor: heat transfer coefficient measurement 

The coef h sensor is designed for measuring the local convective heat transfer coefficient and the 
main thermal features between a flow versus  a wall, particularly when the thermal transfer 
correlations are not effective, for instance: 
 
  The mixing of various fluids, and various flows at different temperatures, 
 The two-phase flow under different regimes,   
 The flow loaded in solid particles,  
 The downstream behind a singularity generating turbulent flow.  
 
This sensor is very small, very sensitive, and non-thermal intrusive. It supplies local measurements 
with high dynamic (30 µs in time response for a thermocouple implemented in the body) providing 
thermal data in time history and spectral plotting such as: 
 
 The fluid temperature and  3 wall temperature measurements at various distances in the wall,  
 The Heat flux and the wall temperature deduced, 
 The Heat transfer coefficient. 
 
Its  application field is wide ranging, useful for the design basis,  industrial processing,  material 
characterization and for the improvement of existing  components. 
  

 Challenges and Markets 

In today’s environment involving the need to reduce energy costs, enhancing the heat exchanges is a 
real economic and environmental challenge for many industries that require complex and specific 
skills  for applications such as : 

 Industries involved in heat power generation (biomass, geothermal heat, ETM…), 

 Heat exchangers, 

 The nuclear industry , 

 The field of civil engineering 

 
 

The Kayme company focuses on the design and manufacturing of specific 
thermal sensors. It provides advice as well as measurement and 
instrumentation services. With its offices located in the heart of the 
technology parks in the western area of Paris, Kayme is active in serving the 
nuclear, automobile and aeronautics sectors. 

 
For more than 10 years, the Kayme firm has manufactured sensors, heating elements and specialized 
monitoring equipment for the fields of research and industry. 
The Kayme firm offers its current and prospective customers an exceptionally  wide range of services: 

 The manufacturing of thermo-electric temperature sensors both standard and miniaturized  for 

research and industry. (Study, design and production of specialized mineral insulated cables), 

 Design and manufacturing of high temperature  (TC) (+ 2000°C) and low temperature  

thermocouples (-273°C), leaktight, multi-passage high pressure feedthroughs (7 000 bars), 

 Engineering workshops where special equipment can be made on order to the customer’s 

specifications (Development of physical measurement solutions: fluxmeters, displacement, 

pressure, level and force sensors,……) 

 Instrumentation of parts by welding, soldering and incomplete fusion and on-site, 

 Subcontracting services: laser welding, vacuum soldering, radiography, pressure and airtightness 

tests, metallographic examinations, penetrants,… 

 And, something truly specific to the coefh sensor: machining by laser ablation, TC under 

binoculars, leaktight micro-welding of 0.1 mm. 

http://www.kayme.eu/fr/ 
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  In addition, the sensor can be qualified in convective 

conditions under flow in the FATHERINO test facility.  Using 
a step of temperature, the heat flux is higher (100 kW/m²), 
the qualification is more accurate, so the dynamic response 
of the fluid thermocouple can be evaluated. 

Les offres CEA Cadarache  
de technologies, savoir-faire, 
expertises, brevets 
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The coef h sensor 

Description of the technology 

The CEA coef h sensor patent is the latest (2008) in a line of local heat sensors specifically 
designed for the study of thermal fatique in mixing zones with high dynamics. 

The Coef h sensor includes four thermocouples encapsulated in a small body. The sensor can be 

installed in a cap, selected in the area of interest. Three micro-thermocouples ( 25 µm) are 

welded inside the body and the fourth one ( 0.3 mm to maintain mechanical strength) is located 

in contact with the flow. The recorded data associated with a specific inverse conduction 

algorithm and signal processing supply the main characteristics of the heat transfer.   

The small size selected for the thermocouples guarantees a very short response time : 

 30 µs in the wall, 
 8 ms in the fluid 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To minimize the thermal parasite effects, the coef h sensor is manufactured in the same material 
as the wall of the component.  
 
 If the wall is steel, then the sensor will be made of steel,  
 if the wall is concrete, then the sensor will be made of concrete.  
This sensor could be called, the “chameleon”. 
 

Operating Range of the coef h sensor 

 Gauge pressure : 250 bars (peak at 400 bars) 

 Gauge temperature : 400-710°C 

The coef h sensor 
 

Qualification of the coef h sensor  
 

Performances of the coef h sensor  
 

 The dynamic  responses of the thermocouples in the fluid and in the wall are high (slope) : 

   TC fluid  (800°C/s)                                                            TC wall (100 ° C/S) 

 

 Example of heat flux and wall 

temperature time histories deduced by 

the inverse conduction method.  

The time response of the thermocouples depends typically on the distances at which the three 
thermocouples are welded. For unsteady flow, it is the key parameter for getting accurate 
measurement of the heat transfer coefficient. The real distances of the thermocouples have to be 
checked.  
  
 After its manufacturing, the sensor is tested under a calibrated heat flux (2.5kW/m² with a 

radiative infra-red source). The time responses of the thermocouples are compared to the 
theoretical response (1D). This indicates the correct location of the thermocouples. 

 

 Example of various heat transfer coefficients in 

a mixing zone according to the frequency of 

the thermal fluctuations. 
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freq. = 80 Hz

fdeb = 0.078 Hz

ffin = 40 Hz

block size = 1024 

initial time = 0 s

final time = 270 s

r = 1

tau = 0.010 s

Sigma h2 (4 - 5 hz) = 15897 W/m²K

 Sigma h2 (4 - 5 hz) = 9470 W/m²K


