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DE GRUYTER E. Magnanelli etal.: Reindeer Energy Efficient Respiration = 15

model presented in this work is capable of capturing the trend in the experimental data well. A model with
increased complexity is necessary to account for the rise in temperature at the distal extremity of the nose.

Experimental data on the average exhaled air temperature are also available [22]. Table 2 compares the
experimental measurements with the results from the model. The average temperature is here calculated as
the integral in time of the product of the exhaled air temperature and the exhaled air mass flow divided by
the integral of the exhaled air mass flow. The computed temperatures of the exhaled air are lower than
those from the experiments. Also here, the reason for this is that the rise in temperature of the interstitial
tissue in proximity of the nasal orifice is not accounted for in the present model.

Table 2: Comparison between the computed averaged temperature of the exhaled air
obtained with System A, Tey comp, @and the exhaled air temperature from experimental
measurements, Tey exp [22].

Tamb (K) Tex,comp (K) Tex,exp (K)

5.3 Water content of the air

Figure 7 depicts the water mass fraction in the air stream during inhalation, when the air flow is at its
maximum tz% breath - T1he solid line shows the results for System A, while the dashed line represents
System B. The water mass fraction in the air at the distal extremity of the nose equals the ambient water
mass fraction, since air is inhaled. The difference in the water content of the inhaled air between System A
and System B at the proximal extremity of the nose (where the air is about to enter the trachea) is almost
negligible. As we have seen in Figure 5, the different geometrical configuration of the systems influences
mainly the temperature profiles. Figure 7 shows that the water content of the air in the part of the nose
closer to the distal extremity is on average lower in System A than in System B, while the opposite happens
in the other part of the nose. An analogous behavior was observed for the temperature profiles. During
exhalation (not reported here), the air that comes from the lungs enters the nose at the proximal extremity
of the nose (z=L) as saturated air at body temperature. During exhalation, the water content of the air that
leaves the nose is higher than the one of the inhaled air, meaning that not all the water that is added during
inhalation is recovered upon exhalation.
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Figure 7: Water mass fraction in the inhaled air, at

0 . . . t= % preath TOr System A (solid line) and System B

0 0.05 0.1 0.15 0.2 (dashed line). Calculations are carried out at
z/m Tamp =273K.




