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PSA equations for heating and cooling
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Solving for solar flux that heats feather to 160 C

Solar Flux = Radiant Losses + Convective Losses
QSF VF-¢=¢o (TF4 _Tair4 ) + hc (TF _Tair)
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Parameters used in the PSA

View Factor VF = 1

h = kL Nu = 0.664 kL JRed/Pr =285

T, =49C
=0.95

QYA _ =47 kW/m?2



Absorptivity of feathers

Q. -VF -¢
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does a=¢?

a(A)=¢g(4)
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Spectra of sun and feather heated to 200 C
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First correction of equations

QSF VF ) asol




Results after first correction

kW/m?
Absorptivit
aSOl correct:\cl)lny
0.95 4.7
From PSA
0.65 6.9
0.75 6.0
0.85 5.3




View Factor
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Results after second correction

kW/m?
Absorptivity View Factor
OLSO| correction VE = 0.342
0.95 4.7 14
From PSA
0.65 6.9 20
0.75 6.0 17
0.85 5.3 15




Heat Transfer Coefficient

Laminar Flowvw =i
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Results after third correction

kW/m?
Absorptivity View Factor Heat Xfer Coef.
Usol | correcton | \E_ 0340 | H =718
0.95 4.7 14 29
From PSA
0.65 6.9 20 42
0.75 6.0 17 36
0.85 5.3 15 32




T,=49 C?

135°F 125°F Max High

120°F

110°F

105°F

100°F

e

A

S°F

ot iaur\f\vw \ /\_m ¥

L , = VT
Fr BT

A e el e AR e A A Al B AR il ena s

Jan Feb Mar Apr May Jun Jul Aug Sep Mow
Averages Averages Averages Averages Averages Averages Averages Avearages Averages Averages Avearages Averages

http://weatherspark.com/#!dashboard;ws=29776;t0=1/1;t1=12/31;graphs=temperature:1



T= 49 C?
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Results after fourth correction

kW/m?

oL Absorpt?vity View Factor Heat Xfer Coef. Ambient Air

sol correction VE = 0.342 Hc = 71.8 Tair =45 C
0.95 4.7 14 29 29

From PSA

0.65 6.9 20 42 43
0.75 6.0 17 36 37
0.85 5.3 15 32 33




Radiative heat loss

hc (TF _Tair)

QSF VF ’ asol

9 (TF4 _Tair4 )




Radiative temperature
Versus
Alr temperature
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Results after fourth correction

kW/m?

a50| A;t?)sr(r)ég':\cl)lrt]y V\I/:iev_v FOac?t:ZZ H:Iat )ife; ;o;f. TAmiieztSAirC Tsky =0C

- c ™ ' air — Tgrnd = 45
0.95 4.7 14 29 29 34

From PSA

0.65 6.9 20 42 43 50
0.75 6.0 17 36 37 44
0.85 5.3 15 32 33 s




Wings Flap!

b High-speed axial deceleration
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Conclusions

e Equations presented in the PSA are incorrect.

 Revised analysis presented here represents
a reasonable, yet very conservative lower
bound for flux effects.

* Wing flapping may significantly effect the heat
transfer coefficient further reducing potential
for flux effects.
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