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INTRODUCTION & AIM RESULTS & DISCUSSION

CONCLUSION

FUTURE WORK

METHOD

The Philippines remains a labor-
inte ns ive  rice -produc ing country, with 
only land pre pa ra tion, ha rve s ting, and 
thre shing pa rtia lly me chanize d us ing 
two-whe e l tra c tors  and axia l thre she rs . 

A wa lking type  agricultura l tra c tor is  
use d for pulling or prope lling 
agricultura l imple me nts , ope ra te s  on 
foss il fue ls , which contribute  to  a ir 
pollution and pote ntia l ope ra tor 
e xposure  to  e xhaus t e miss ions . • The  s tudy a ime d to formula te  and 

va lida te  a  CFD mode l unde r va rying 
throttle  se ttings , re la tive  wind 
spe e ds , and wind angle s  of a tta ck, 
us ing ac tua l e xpe rime nta l da ta  a s  
re fe re nce . 

• The se  findings  a re  pa rticula rly 
important for a sse ss ing ope ra tor 
sa fe ty, a s  the y ide ntify spe c ific  
conditions  unde r which CO 
conce ntra tions  may re ach haza rdous  
le ve ls .

• Four turbulence models—standard k-
ε, realizable k-ε, standard k-ω, and 
SST k-ω—were evaluated by 
comparing simulated CO 
concentrations at ten validation 
points and assessing their mean 
absolute error (MAE).

• The SST k-ω model performed best 
with the lowest MAE (0.39 ppm), 
followed by standard k-ω (0.55 ppm) 
and standard k-ε (0.72 ppm).

• Varia tion in wind spe e d 
influe nce d the  dispe rs ion of CO 
e miss ions , with highe r wind 
spe e ds  ge ne ra lly promoting 
gre a te r dispe rs ion. 

CFD Simulations

Measurement of CO concentration
 at validation points.

ITEM SPECIFICATION
Brand Kuvico
Model KV70
Type Diesel

Cooling System Water-cooled
Maximum 5.1 kW/ 2400 

Displacement 376 cm3
Dimensions 48 cm x 24 cm x 

• The hand tractor was positioned stationary and facing the wind tunnel’s contraction outlet to 
simulate oncoming airflow, with airflow at its location measured for accuracy.

• Three throttle settings—idle (650 rpm), mid (1600 rpm), and full (2760 rpm)—were tested to assess 
engine operating conditions.

• Exhaust dispersion was analyzed using ten reference points, including the operator’s breathing zone, 
spaced 20 cm apart and aligned parallel to the exhaust tailpipe to determine CO concentration 
profiles

·  The SST k-ω model showed the best agreement with experimental data, with 
strong correlation at 1 m/s and consistent CO dispersion trends across throttle 
settings, including an 84–88% drop in CO concentration at 20 cm from the exhaust.
·  The CFD model effectively predicted CO dispersion under different engine loads 
and airflow conditions, highlighting the influence of throttle setting, forward speed, 
and wind direction on pollutant transport.

·  Enhance measurement accuracy by using advanced gas analyzers, real-time sensors, 
improved probing at validation points, and more complete boundary condition data to reduce 
uncertainties.
·  Improve model realism through transient simulations and by expanding the analysis to 
additional pollutants (HC, PM, NOx) for a more comprehensive emission-dispersion 
assessment.
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• Experimental CO data (violet 
markers) and simulated results at 1 
m/s (red) and 3 m/s (green) show 
similar decreasing trends, with error 
bars reflecting measurement 
variability due to turbulence and 
probe sensitivity; both datasets 
agree well at Point 2 (20 cm from the 
exhaust).

• The simulation slightly 
underestimated CO concentrations 
by 1–2 ppm at Points 1–4 under both 
middle and full-throttle conditions.

• Simulated values aligned closely with 
experiments along the exhaust’s 
horizontal axis at 1 m/s, but larger 
deviations appeared at 3 m/s—
particularly at Points 6, 7, 8, and 
10—indicating regions where the 
model needs refinement.
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