
Calibration of A V-Cone for Low Mass 
Flows For Small Core Compressor 
Research

Dr. Julia E. Stephens

Sameer Kulkarni

NASA Glenn Research Center

National Aeronautics and Space Administration

www.nasa.gov 

This is a work of the United States Government authored as part of the official duties of employee(s) of the National Aeronautics and Space Administration. No 
copyright is claimed in the United States under Title 17, U.S. Code. All other rights are reserved by the United States Government. Any publisher accepting this 
work for publication acknowledges that the United States Government retains a nonexclusive, irrevocable, worldwide license to prepare derivative works, publish or 
reproduce the published form of this work, or allow others to do so, for United States Government purposes.



National Aeronautics and Space Administration

Motivation
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• Charts from NASA CR2010-216794/Vol1, 2010

• Ballal, D.R. and Zelina, J., “Progress in Aeroengine Technology (1939 – 2003)” Journal of Aircraft, 
41(1), 2004



National Aeronautics and Space Administration

Multistage Axial Compressor Facility 
(“W-7”)
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Sonic Nozzles
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ASME MFC-7-2016, 2016
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MANTUS
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• Spreadsheet based

• ISO Guide to the Expression of Uncertainty in 
Measurement (GUM)*

System
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Input

Output value
Combined 
standard 

uncertainty

Expanded 
uncertainty

*JCGM 100:2008 Evaluation of Measurement Data – Guide to the Expression of Uncertainty in Measurement
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Monte Carlo Analysis

8

Input true 
values of 
variables

Input systematic
and random

uncertainties for 
each variable

mRan

Run 
simulatio
n: i = 1 to 

n
iterations 

Randomly generate 
an error along error 
distribution for each 
uncertainty source

Apply error to 
appropriate 

variables

ϵm(i) ṁ(i) = ṁ (i)+ ϵm(i)

ṁ(i) = f [ TP(i), PP(i),RH(i), dc(i), D(i) ]

Calculate result 
of value of 

interest from 
applicable data 

reduction 
equation

Calculate standard 
deviation of the value 

of interest  

𝑢௉் = 𝑠௉் =

1

𝑛 − 1
෍(𝑃𝑇 𝑖

௡

௜ୀଵ

− 𝑃𝑇)
 

95% Expanded 
Uncertainty
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i = n?
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N
O

* Coleman, Steele: Experimentation, Validation, and Uncertainty Analysis For Engineers; above chart based on Figure 3.4, pg.72.

TP1, TP2, 
TP3

RH

PP1, PP2, 
PP3, PP4

D

TP1-3 βTP(i)
TP1-3(i) = TP1-3, measured (i)

+ βTP(i)

PP1-4 βPP(i) PP1-4(i) = PP1-4, measured (i)
+ βPP(i)

RH βRH(i)
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+ βRH(i)

D βD(i)
D(i) = D, measured (i)

+ βD(i)
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Uncertainty in 

Measured Variable Uncertainty

𝑃଴ 0.023%

𝑇଴ 0.23 – 0.3%

𝑅𝐻 1%

𝐷 0.024-0.048%

𝐶ௗ 0.03%

Repeatability 0.0003 – 0.016%
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V-Cone
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ISO5167-5:2016(E) 2016
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Uncertainty in 
Measured Variable Uncertainty

𝑃଴,ோு 0.023%

𝑇଴,ோு 0.23 – 0.3%

𝑅𝐻 1%

𝐷 0.011%

𝑑௖ 0.013%

𝑃଴ 0.007%

𝑇଴ 0.25 – 0.39%

𝐷𝑃 0.0015 in H2O

𝐶ௗ varies
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Conclusion

• As compressor cores continue to become 
smaller, better accuracy of low mass flow 
measurements is necessary

• Using a set of Critical Flow Venturis, the W7 high 
speed compressor facility V-Cone was calibrated 
to under 1% uncertainty for mass flows between 
3.6 and 10 kg/s

• Below 3.6 kg/s, the uncertainty is dominated by 
the differential pressure transducer
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