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HR2 Standard Operation 
According to the Fire Test Handbook

HRR
𝑊

𝑚2
=
𝐶𝑜𝑚𝑏𝑢𝑠𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒

𝑆𝑎𝑚𝑝𝑙𝑒 𝐴𝑟𝑒𝑎
=

ሶ𝑄(𝑡)

𝐴
= 𝑘ℎ

∆𝑇(𝑡)

𝐴

𝑘ℎ =
ሶ𝑄𝐶𝐻4

∆𝑇𝐶𝐻4
=

𝐻𝑐𝜌 ሶ𝑉
𝐶𝐻4

∆𝑇𝐶𝐻4
≈ 20

𝑊

𝐾

Calibration
Factor (Static)

Heat Release Rate
(Static Calibration)



Methane Calibration

Apparatus 1 Apparatus 2

ሶ𝑄𝐶𝐻4 = 1790𝑊 ሶ𝑄𝐶𝐻4 = 1790𝑊

∆T = 97K

∆T = 95K

𝑘ℎ =
1790𝑊

96 ± 1𝐾
≈ 20

𝑊

𝐾



The standard procedure with static methane 
calibration doesn’t tell us anything about how the 

dynamics of the HR2 affect the HRR results

Potential Solution

Develop and validate a heat transfer model for the HR2

Problem Statement



Mass Balance
(𝜌 ሶ𝑉)𝑜𝑢𝑡= (𝜌 ሶ𝑉)𝑖𝑛
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𝑘𝑎𝑢𝑡𝑜 ≡
ሶ𝑄𝐵𝐿+ ሶ𝑄𝑠𝑎𝑚𝑝𝑙𝑒(𝑡)

𝜃𝐵𝐿+∆𝑇𝑠𝑎𝑚𝑝𝑙𝑒
=

ሶ𝑄𝐵𝐿+ ሶ𝑄𝑠𝑎𝑚𝑝𝑙𝑒(𝑡)

𝜃(𝑡)

ሶ𝑄𝐵𝐿 = 𝜌𝑐𝑃 ሶ𝑉 + ℎ𝑆
𝑎𝑖𝑟

ሶ𝑄𝑡𝑒𝑠𝑡 =
𝜌𝐻𝑐 ሶ𝑉

𝐶𝐻4

∆𝑇𝐶𝐻4
∆𝑇(𝑡) = 𝑘ℎ∆𝑇(𝑡)
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Energy Balance Allows for Automatic (In Situ) Calibration
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=
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=
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∆𝑇(𝑡)

𝐴
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Measured

kauto



𝜃𝐵𝐿 = 𝑇𝐵𝐿 − 𝑇𝑖𝑛 =
1

𝑘𝐵𝐿
ሶ𝑄𝑔𝑙𝑜𝑤𝑏𝑎𝑟𝑠 + ሶ𝑄𝑝𝑖𝑙𝑜𝑡 =

ሶ𝑄𝐵𝐿
𝑘𝐵𝐿

Baseline (BL) has all info needed for Dynamic Calibration

𝑘𝐵𝐿 =
ሶ𝑄𝐵𝐿

𝜃𝐵𝐿
=

6900𝑊

613𝐾−295𝐾
= 𝜌 ሶ𝑉𝑐𝑃 + ℎ𝑆

𝑎𝑖𝑟
= 20

𝑊

𝐾
= 𝑘ℎ

From static energy balances,

𝑘𝑎𝑢𝑡𝑜 =
𝑐1 + 𝑐2∆𝑇(𝑡)

𝜃(𝑡)
𝑐2= 𝑘𝐵𝐿

= 𝑘ℎ

Calibration constant is independent of energy source,

(6000W) (900W)
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∆𝑇 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 =
ሶ𝑄𝑚𝑎𝑥

𝑘𝑎𝑢𝑡𝑜
=

ሶ𝑄𝐶𝐻4
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ሶ𝑄𝐶𝐻4
=
𝑘𝑎𝑢𝑡𝑜
𝑘ℎ

= 1

0 0

kauto = kh only at Maximum Heat Release Rate (HRRmax)

𝑶𝒏𝒍𝒚 𝒂𝒕 ሶ𝑸𝒎𝒂𝒙



kauto = kh



Conclusions

HRR
𝑘𝑊

𝑚2
=

𝜌𝑐𝑃 ሶ𝑉 + ℎ𝑆
𝑎𝑖𝑟

+ 𝑘ℎ∆𝑇(𝑡)

𝜃(𝑡)

∆𝑇(𝑡)

𝐴

Dynamic Calibration Factor

𝑐1 = 𝜌𝑐𝑃 ሶ𝑉 + ℎ𝑆
𝑎𝑖𝑟

= 𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑐𝑜𝑛𝑡𝑟𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑡𝑜 𝑘𝑎𝑢𝑡𝑜

Constants

Measured
𝑘𝑎𝑢𝑡𝑜 =

𝑐1 + 𝑐2∆𝑇(𝑡)

𝜃(𝑡)

Position of heat sources (glowbars, pilots, sample) and sinks (sample 
fixture) in HR2 determine how much heat will be lost to apparatus and the 
value of kauto and kh used to measure HRR.


