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Introduction
 For safety reasons, the final gas temperature in the hydrogen tank during

refueling is limited to 85 . Many experiments have been done for
determining the final gas temperature in the hydrogen tank.

 Lots of numerical simulations based on computational fluid dynamics
have been performed and compared with experiments.

 The rule of mixtures is a general weighted average method, which has
been widely used to estimate various properties of a composite materials,
porous media and multiphase system.

 The effective (moderate) temperature of the mixture (cold and warm
hydrogen, or hydrogen and tank wall, or even hydrogen and porous
adsorbent) can be estimated based on the energy balance method.

 We will apply the conception and the method to study effect of initial and
final mass, effect of inlet and initial temperatures, effect of initial pressure
and average pressure ramp rate (APRR), effect of initial pressure,
ambient temperature and mass flow rate. The fittings agree very well with
the original data.



Equations of Lumped Parameter Model
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Analytical Solution of Energy Equation
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Weighted Averaging Form of Temperature
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(Rule of mixture) 



Analogy for Finial Gas Temperature
Adiabatic tank not considering thermal capacity of the wall   TcmmTcmTmc pvv 000  *
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If the conductive resistance of the tank wall is neglectable, the 
wall temperatures equal to the hydrogen temperatures, i.e.
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Three-parameter 
formula
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The derived two-parameter 
formula has same ability to 
represent experimental data 
with the three-parameter 
formula. 



Function of inlet and 
initial temperatures

Inlet and Initial Temperatures - Model 
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Fitted parameter 0.60736 agrees with the 
number of 0.6 from linear curve fitting. 



Function of 
initial 

pressure and 
APRR

Initial Pressure and APRR - Model 
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The fitting based on the simulated data is better than that based on the experimental data because it has more data points.



Negatively linear with 
initial pressure

Initial P, Ambient T and MFR - Model 
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Positively linear with 
ambient temperature
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Effects of (a) initial pressure, (b)
ambient temperature, (c) hydrogen
mass flow rate on final hydrogen
temperature compared with data.
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Conclusion
 The energy, like density and heat capacity, is not sensitive with the

structure of the mixture or composites. Therefore, the upper bound of
the rule of mixtures is used to estimate the hydrogen temperature.

 The analytical solution of hydrogen temperature behaves in an
analogous way as the rule of mixtures. The final hydrogen temperature
is the weighted average of initial temperature and a characteristic
temperature which is related the inflow enthalpy of hydrogen. The
weighted factor is initial heat capacity fraction.

 The simple uniform formula, inspired by the concept of the rule of
mixtures with its weighted factors obtained from the analytical solution
of thermodynamic model, is applied to fit published experimental or
simulated results.

 These results show effect of initial and final mass, effect of inlet and
initial temperatures, effect of initial pressure and average pressure ramp
rate (APRR), effect of initial pressure, ambient temperature and mass
flow rate. The fittings agree very well with the original data.



Jinsheng Xiao1,2, Pierre Bénard1, Richard Chahine1
1Hydrogen Research Institute, University of Quebec at Trois-Rivieres, Canada

2School of Automotive Engineering, Wuhan University of Technology, China

THANKS FOR YOUR ATTENTIONS!

We wish to thank the National Natural Science Foundation of China (NSFC
Project No.51476120) and the Natural Sciences and Engineering Research
Council of Canada (NSERC) for their financial support and Mr. Benjamin
Angers for his technical assistance on the OriginPro 2015 software.


