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Ambient Gas Temperature  

 

Group Leader: Maarten Meijer (Eindhoven University of Technology – TU\e) 

Contributors: Louis-Marie Malbec and Gilles Bruneaux (IFPEN), Lyle Pickett (Sandia National Laboratory), 

Raul Payri (CMT), Tim Bazyn (Caterpillar) 

 

Summary of the Ambient Gas Temperature Measurements Working Group Session 

Aim of the session is to provide guidelines for ECN spray A ambient gas temperature characterization.  

Guidelines are provided for hardware implementation and post processing methods. 2 different set-ups 

can be distinguished; pre-burn combustion vessels and constant flow rigs. Both type of set-ups are 

capable to reach spray A conditions. The fundamental difference in the operation of both set-ups lead to 

different measurement approaches to characterize the ambient temperature field.  

For the constant flow test rigs time averaged measurements are executed both at Caterpillar and CMT. 

Based on the followed measurement approach, conventional hardware; thermocouples, signal 

conditioners and DAQ, can be selected. Different thermocouple diameters (at the same position) are 

used at both institutes in order to define the required radiation correction. Corrections are based on 

extrapolation to 0 [mm] diameter. The ambient temperature is measured at different locations inside 

the flow rigs. Ambient gas temperature fluctuations of +/- 10 [K] are reported based on 10 [s] and 20 [s] 

averaged measurement data for Caterpillar and CMT test rigs respectively.  Wall temperatures are 800 

[K] found at both facilities. No information on measurement deviations and error bounds is provided at 

this moment.  

Temperature characterization for the pre-burn combustion vessels is executed at Sandia National 

Laboratory, IFPEN and TU\e. The wide temperature range which is crossed as a result of the used pre-

combustion method in combination with the small time scales lead to an unconventional 

(thermocouple) measurement approach. Main goal of the executed measurements is to define the 

relation between the vessel core temperature and the bulk temperature. The bulk temperature is 

measured by using a piëzo-electric pressure sensor. All 3 institutes used fine wire thermocouples to 

define the core temperature. The used thermocouples are capable to follow the fast temperature 

change inside the combustion vessel. Sandia and TU\e implemented an adjustable probe with 5 

different 50 [µm] thermocouples. The Platinum material from the type R thermocouples can result in an 

undesired catalytic respond when installed in the sequentially filled type pre-burn combustion vessels 

(used at IFPEN and TU\e). Therefore IFPEN used a 25 [µm] thick, single K-type thermocouple. At TU\e a 

Nitrogen/Oxygen mixture was used (no filling of pure oxygen), to avoid this undesired effect. High speed 

DAQ hardware is selected in combination with high measurement accuracy as well (number of bits). 

Signal conditioners can be used but direct logging of the [mV] signal from the thermocouples is also 

possible, applying cold junction and linearization afterwards. A similar approach is followed by all 3 

institutes to correct the measured thermocouple signal for radiation and the convective respond. At the 

spray A injection temperature (900 [K]), the influence of these corrections is small. Measurement 

deviations at spray A are around 10 [K]. Measurement uncertainties are believed to be +- 7.5 [K], but are 

still under investigation. The found relation for the core and bulk temperature is 1.03 for IFP and 1.08 

for Sandia and TU\e. Measurements with the type-R thermocouple probe show high temperatures at 

the top of the combustion vessel, caused by buoyancy effects.  
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Discussion Issues & Future Investigation 

Constant flow: Until now, only time averaged ambient gas temperature measurements are executed. It 

seems that temperature fluctuations are small but the fluctuations over time are not investigated. This 

can be relevant for the temperature error estimation. Fine wire thermocouples are required for this. 

 

Pre-burn combustion vessels: Further characterization of the temperature field right before fuel 

injection is required because small temperature fluctuations have a profound impact on ignition delay, 

spray penetration and the flame lift off length. Especially the temperature field close the fuel injector 

should be investigated and analyzed more in detail. More investigations on the used TC corrections (for 

radiation, convective respond and conduction) are ongoing which are critical in order to define the 

reached measurement uncertainty.  

 

Workshop presentation: 

See next pages. One additional slide is added from Gilles Bruneaux, giving a summary of the discussion 

and future investigation points. 
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Vessel temperature
� Constant flow rigsConstant flow rigsConstant flow rigsConstant flow rigs

� Standard TC measurements OKStandard TC measurements OKStandard TC measurements OKStandard TC measurements OK
� Interesting to perform fast TC measurement to assess small Interesting to perform fast TC measurement to assess small Interesting to perform fast TC measurement to assess small Interesting to perform fast TC measurement to assess small scale temperature fluctuationscale temperature fluctuationscale temperature fluctuationscale temperature fluctuation

� PrecombustionPrecombustionPrecombustionPrecombustion vesselsvesselsvesselsvessels
� Recommended Omega probe and DAQRecommended Omega probe and DAQRecommended Omega probe and DAQRecommended Omega probe and DAQ
� Radiation correctionsRadiation correctionsRadiation correctionsRadiation corrections

� More detailed investigation of boundary layer More detailed investigation of boundary layer More detailed investigation of boundary layer More detailed investigation of boundary layer 
temperature temperature temperature temperature inhomogeneitiesinhomogeneitiesinhomogeneitiesinhomogeneities is required (effect on is required (effect on is required (effect on is required (effect on 
liquid length, lift off length...)liquid length, lift off length...)liquid length, lift off length...)liquid length, lift off length...)

 


