
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 

   

 

Downloaded from orbit.dtu.dk on: Dec 20, 2017

Ignition of DME and DME/CH4 at High Pressure: Flow Reactor Experiments and Kinetic
Modeling

Hashemi, Hamid; Christensen, Jakob Munkholt; Glarborg, Peter

Publication date:
2015

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Hashemi, H., Christensen, J. M., & Glarborg, P. (2015). Ignition of DME and DME/CH4 at High Pressure: Flow
Reactor Experiments and Kinetic Modeling. Poster session presented at 7th European Combustion Meeting,
Budapest, Hungary.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Online Research Database In Technology

https://core.ac.uk/display/43249419?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://orbit.dtu.dk/en/publications/ignition-of-dme-and-dmech4-at-high-pressure-flow-reactor-experiments-and-kinetic-modeling(16408a4c-ea38-4537-b397-ac38a0b6d7cc).html


Abstract

The pyrolysis and oxidation of dimethyl ether (DME) and its mixtures with methane

were investigated at high pressures (50 and 100 bar) and intermediate

temperatures (450―900 K) in a laminar flow reactor. DME pyrolysis started at 825 K

(at 50 bar). The onset of DME reaction was detected at 525―550 K (at 50 bar),

independent of stoichiometry. The negative temperature coefficient (NTC) zone in

the DME profile always included temperatures of 575―625 K. A profound promoting

effect of DME addition on the ignition of methane was observed as the onset of

reaction was shifted to lower temperatures by 50―150 K (at 100 bar).
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Objectives
 Study oxidation/pyrolysis of DME at intermediate temperatures (450—900 K) and

high pressures (50—100 bar) in a laminar flow reactor

 Investigate the effect of adding DME on the oxidation of methane at

intermediate temperatures and high pressures

 Investigate the effects of stoichiometry on DME and CH4/DME oxidation

 Develop a chemical kinetic model

 Evaluate the model against presented data as well as data from literature
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Experimental Setup:  Laminar Flow Reactor

 Plug-flow conditions

 Quartz reactor to minimize the

effects of heterogeneous reactions

 Temperature: 450―900 K

 Pressure: 50―100 bar

 Flow: 3.2―4.5 NL/min

 Residence time: 4―16 s

 GC measurements at the downstream

Chemical Kinetic Model
 Founded on previous work from the same laboratory [1, 2]

 DME submodel from Zhao et al. [3]

 Formic acid submodel from Marshall and Glarborg [4]

 Methylformate subset from Dooley et al. [5]

Results
 DME pyrolysis: 825 K

 DME oxidation: 525 K (independent of Φ)

 NTC zone: including 575—625 K (a function of Φ)
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Figure 1: Measured temperature profiles across the 

reaction zone (4.53 NL/min of  N2 at 50 bar). 

700 800 900
900

1000

1100

 DME

m
o
le

 f
ra

c
ti
o
n
 (

p
p
m

)

T (K)

700 800 900

0

100

200  CH
4

 CH
2
O

 CO

m
o
le

 f
ra

c
ti
o
n
 (

p
p
m

)

T (K)

Conclusions

The pyrolysis and oxidation of DME and its effect on methane oxidation as an

additive have been investigated in a flow reactor at high pressures and intermediate

temperatures. It was found that DME pyrolysis started around 825 K at 50 bar

pressure. The DME oxidation experiments at 50 bar gave the onset temperature of

reaction at 525 K, independent of Φ. Further experiments at 100 bar showed that by

adding a small amount of DME to methane its ignition could effectively be

accelerated. A model developed for DME/CH4 oxidation was evaluated over a wide

range of pressure, temperature, and stoichiometries. The model generally compared

well with the data from the flow reactor. Further work is needed to focus on

interaction between DME and CH4 in the model to address the premature DME

depletion in CH4/DME mixtures. The presented data extended the experimental

benchmark for oxidation at high pressures and intermediate temperatures. Such

benchmark are vital in validating chemical kinetic models developed for addressing

problems in real conditions.

Figure 2: Pyrolysis of  DME at 50 bar (1136 ppm 

DME in N2).

Figure 3: Pyrolysis of  DME at 50 bar (1136 ppm 

DME in N2).
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Figure 5: DME oxidation under fuel-rich conditions 

(Φ=20, 744 ppm DME) at 50 bar.

Figure 4: DME oxidation under fuel-rich conditions 

(Φ=20, 744 ppm DME) at 50 bar.
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Figure 6: DME oxidation under stoichiometric 

conditions (Φ=1, 268 ppm DME) at 50 bar.

Figure 7: DME oxidation under stoichiometric 

conditions (Φ=1, 268 ppm DME) at 50 bar.

Figure 8: DME oxidation under fuel-lean 

conditions (Φ=0.04, 146 ppm DME) at 50 bar.

Figure 9: DME addition to methane under 

stoichiometric conditions (Φ =1, 100 bar). Open 

symbols/solid lines: the neat CH4 experiment; 

Crossed symbols/dashed lines: DME/CH4=3.2% 

(48 ppm of  DME)
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Figure 10: DME addition to methane under fuel-

lean conditions (Φ =0.06, 100 bar). Open 

symbols/solid lines: the neat CH4 experiment; 

Crossed symbols/dashed lines: DME/CH4=3.6% 

(38 ppm of  DME)
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Figure 11: Ignition delay times of  stoichiometric 

DME/air (data from Pfahl et al. and Li et al.) and 

DME/O2/Ar (data from Hu et al., Pan et al., Hu 

et al.b). Lines denote the prediction of  the present 

model assuming constant u&v.


