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Inaccessible Area Fire Tests on 

Composite Structure - Update 



Large Scale CFRP Skin & Structure Tests 

• Large scale CFRP skin and 

structure test fixture 

• Study propagation of fire 

from bay-to-bay with and 

without cooling 



CFRP Structure Tests 



Simulated CFRP Aircraft Structure 
8’ 





Heat Transfer Calculation 

• Energy required for water heating 

– 𝑄 = 𝑚𝑐𝑝∆𝑇 

• Q is heat, BTU 

• m is mass of water heated, lb. 

• cp is heat capacity of water, 1
𝐵𝑇𝑈

𝑙𝑏 ℉
 

• ∆𝑇 is temperature difference, ℉ 

• Heat Flux 𝑄′′ =
𝑄

𝐴𝑡
 

– Q’’ is heat flux, 
𝐵𝑇𝑈

𝑓𝑡2𝑠
 

– A is area, ft2 

– t is time, sec 

 

 

Ti 
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• In flight conditions: 
– M=0.85 

– Velocity 𝑈 = 903
𝐾𝑚

ℎ𝑟
= 250.8

𝑚

𝑠
 

– Altitude=40,000’=12,192m 

• Density 𝜌 = 0.302
𝑘𝑔

𝑚3 

• Dynamic Viscosity1 𝜇 = 14.27 × 10−6𝑃𝑎 ∙ 𝑠 =
𝑁

𝑚2 ∙

𝑠 =
𝑘𝑔∙𝑚

𝑠2

𝑚2 ∙ 𝑠 = 14.27 × 10−6 𝑘𝑔

𝑚∙𝑠
 

• Temperature 𝑇 = −69.7℉ = 216.65𝐾 

• Pressure 𝑃 = 2.72 𝑝𝑠𝑖 = 18,753.9 
𝑁

𝑚2 

• Reynolds Number 𝑅𝑒 =
𝜌𝑈𝛿

𝜇
 

– Characteristic Length 𝛿 = 62𝑚 (fuselage length) 

– 𝑅𝑒 =
0.302

𝑘𝑔

𝑚3∙250.8
𝑚

𝑠
∙62𝑚

14.27×10−6 𝑘𝑔

𝑚∙𝑠

= 3.29 × 108 

 

 

• 𝑁𝑢 =
ℎ𝑥

𝑘
 

– Thermal Conductivity1 

• 𝑘 ≈ 0.01965 
𝑊

𝑚∙𝐾
 

• 𝑃𝑟 =
ν

𝛼
=

𝜇𝐶𝑝

𝑘
 

– Dynamic Viscosity1  

• 𝜇 = 14.27 × 10−6𝑃𝑎 ∙ 𝑠 =
𝑁

𝑚2 ∙ 𝑠 =
𝑘𝑔∙𝑚

𝑠2

𝑚2 ∙ 𝑠 =

14.27 × 10−6 𝑘𝑔

𝑚∙𝑠
 

– Specific Heat Capacity 

• 𝑐𝑝 = 1.005
𝑘𝐽

𝑘𝑔∙𝐾
 

– Thermal Conductivity1 

• 𝑘 = 0.01965 
𝑊

𝑚∙𝐾
 

• 𝑃𝑟 =
ν

𝛼
=

𝜇𝐶𝑝

𝑘
=

14.27×10−6 𝑘𝑔

𝑚∙𝑠
∙1005

𝐽

𝑘𝑔∙𝐾

0.01965
𝑊

𝑚∙𝐾

= 0.72984 

 

 1 Viscosity and Thermal Conductivity of Dry Air in the Gaseous Phase 
   K. Kadoya, N. Matsunaga, A. Nagashima, J. Phys. Chem. Ref. Data, Vol. 14, No. 4, 1985  



Flat Plate in Parallel Flow with Unheated Starting Length 

• Uniform surface heat flux, turbulent flow, unheated starting length 

– 𝑁𝑢𝑥 = 0.0308 ∙ 𝑅𝑒𝑥
4/5 ∙ 𝑃𝑟1/3, 0.6≲Pr ≲60 

𝑁𝑢𝑥 =
ℎ𝑥

𝑘
= 0.0308 ∙ 𝑅𝑒𝑥

4/5 ∙ 𝑃𝑟
1
3 

ℎ =
1

62 𝑚
∙ 0.01965 

𝑊

𝑚 ∙ 𝐾
∙ 0.0308 ∙ 3.29 × 108

4
5 ∙ 0.72984

1
3 

ℎ = 57.24 
𝑊

𝑚2𝐾
 

 

Fire 

𝑈∞, 𝑇∞ 

𝑥 
ξ 

δ 

δ𝑡 

𝑇𝑠 = 𝑇∞ 𝑇𝑠 > 𝑇∞ 

Aircraft Skin 



Next Steps 

• Begin construction of 

heat transfer apparatus 

• Test theory on small 

panels first 

• If successful, scale up to 

large panel 
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