ASME
)DE QG IE 20 )

International Design Engineering Technical
Conferences & Computers and Information
in Engineering Conference

CONFERENCE: AUG. 14-17
EXHIBITION: AUG. 15-17

ST. LOUIS UNION STATION HOTEL,
ST EGUIS, MISSO URI




COMPACT TIME DOMAIN NMR DESIGN FOR THE
DETERMINATION OF HYDROGEN CONTENT IN GAS
TURBINE FUELS

Jacob Martin * Austin Downey Sang Hee Won
Department of Mech. Eng. Department of Mech. Eng. Department of Mech. Eng.
Department of Physics and Astronomy Department of Civil, Const. and Env. University of South Carolina
University of South Carolina University of South Carolina Columbia, South Carolina 29201
Columbia, South Carolina 29201 Columbia, South Carolina 29201

Email: jsmartin@email.sc.edu

wn
()]
Q
(=
U]
=
[}
(Pl
(=
o]
O
[
2
c
L
@
| —
(@)
c
=
()]
Q
=
(@)
c
L
| o
D
wn
(]
o
'©
c
(o}
=
@©
c
B
V]
s}
=

& Computers and Information in Engineering Conference

S
N
O
N
L
o
O
I_
L]
o

DETC2022-90023

The American Society of Mechanical Engineers e

ASME®



Introduction System Design Results & Discussion Conclusion

Introduction

* Nuclear magnetic resonance (NMR) is a well-known
method for analyzing petroleum fuels CompaCt'NMR
* Hydrogen content is a vital parameter of petroleum

distillates

A compact, low-resolution device could be used for
rapid in-situ measurements

* This lab-built TD-NMR device can:

o Determine hydrogen density for any sample

t(s)

University of South Carolina
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o Achieve 0.7% error for hydrogen content in gas turbine fuels
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System Design - Overview

* 0.65T permanent magnet
 PCB mounted signal routing electronics
 LabVIEW programming and GUI

e NI PXI control chassis

user interface
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System Desigh — Permanent Magnet

 Two dipole cylindrical magnets surrounded by a steel yolk

e Static field strength of 0.645 T (27.5 MHz Larmor frequency)

e
‘ 10 mm 1

130 mm

* Placed inside temperature-controlled container |
4 |

* Finite Element Method Magnetics (FEMM) used for § 19mm
simulation
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<0.000e+000 : 5.000e-002

Density Plot: |B|, Tesla

Bare magnets Magnets with steel yolk & caps
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System Design — Signal Routing S, &'

NI PXI chassis ’ ‘ j_\ < "
< custom PCBs

digitizer
e All components mounted on PCBs except for - power splitter
am p I |f | ers waveform generator E
T
e System is matched to 50 Q for all ports and pulse generator & switeh

cables Y
RF PA
* The NMR signal is amplified by 80 dB before femperatire regalator LNA
being sent to the digitizer e

magnet (N)
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94 System Design — Control & Data Acquisition
E=
N E ‘g.’ * NI PXI ChaSSIS Extracted T2 Decay - Current Scan Rlctl W rPutseEchos-CurrentScan {EHQ‘ ] ( flat0 W]
O E’E o Arbitrary waveform generator = =
(N §.§ o Pulse generator E“”“‘: %:.»m:
— . 2 300m- TE:. 0-
L_LI ug_:g o 16 to 24-bit digitizer qf::: =]
U 5 E . oo 4 s 3 2 4 s b 45 4 s ot oo ok oo ods oobss
e * LabVIEW GUI displays the et e
()ocs current scan and the averaged - i ENGNE
© - ulse Train File m
I— g % scans [ED:\PulseTrain-SSDuration,ZQSSPulses,LZSmsTau.txt IEJ x::
"lg o §SOOm-
m E Number of Scans ~ Scan Number [ . 3 400m-
N 58 e Collects decay data over a 5 (Gl S5 o | SSSERsese s et i 0
— =P second period e o &
. 0 0.5 1 15 2 ﬁ:‘l:m 3 35 4 45 5
* 16 scans take 4 minutes
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Results & Discussion

« A CMPG sequence with 3965 total pulse echoes (2 shown below) were used to construct T2
decay curves

* An array of pure hydrocarbons (3 shown below) was tested to establish a basis

* |nitial signal amplitude is directly proportional to hydrogen density

0.5

0.7 (a) Toluene
(b) n-Heptane

0.6+ (c) n-Hexadecane | |

amplitude (a.u.)
amplitude (a.u.)
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130

Results & Discussion WO O

0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75
initial signal strength (a.u.)

of hydrogen density to mass density

 Hydrogen content was estimated in 6

International Design Engineering Technical Conferences
& Computers and Information in Engineering Conference

@\ ';; /60(60
N * Alinear function was created using £ 22— 09038 //éw
O the data from the pure hydrocarbons § 100 | o<’

* This can be used to estimate hydrogen g A
L_LI density in any sample =L 7

9/</—toluene

8 * Hydrogen content (mass %) is the ratio 2
—
L]

ASME

. . . fuel known 'H content measured 'H content % error

different gas turbine fuels with a

. 0 JP-8 14.4 14.5 0.7

maximum error of 0.7%

Jet-A 14.2 14.1 0.7

JP-5 13.4 134 0.0

Shell CPK 14.1 14.0 0.7

Shell SPK 15.5 15.6 0.6

Gevo-ATJ 15.3 15.4 0.6
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Conclusion

 Asimple, compact NMR instrument was developed for the _
characterization of petroleum distillates CompaCt NMR

 Demonstrates a high repeatability between tests

e (Can accurately determine hydrogen content in jet fuels,
which is an important combustion property

* Tests are quick, non-destructive, and require no special

sample preparation o
University of South Carolina
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* Future work will be dedicated to scaling down the size and
performing multi-exponential decay analysis
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