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API-MS Transfer Capillary Flow: Examination of the Downstream Z,,—-
Gas Expansion
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Intfroduction Experimental Setup Sound Measurements

i i i * Automated measuring equipment is .
Thg qppllco’rlon of o’rmospherlc pressure ompuier | confroled.  Software it Exit PH100 T S _ 5¢-05 * A remarkably NAITow and s’roblg gas jet leaves
lonization  (APl) necessitates a  pressure written in  Python  programming oL \, A / 57 W o s the transfer capillary and can still be measured
reduction in differential pumping stages Igorr;%%?cggel ézgrrsilrﬁgr?(.jgeusmg Qt 4.7 for T ———— = Sl E 200 re0s at some centimeters distance from the exit
. . . yre — e —— = ' — - C- o . . .
before mass analysis. One common . Data are collected with an AD/DA — - | * The jet duomejer is inversely dependent on the
approach for the first reduction step from device that addifionally generates the '\ . ; /\ 8 600 3.5¢-05 vacuum recipient pressure
atmospheric pressure to the low mbar range Srapper motors, | aren Ve e Se o0 connechone L 3e-05 * Under typical operating conditions the jet
is realized by critically operated capillaries inferface, ~ move  xystage  with 3 2.5¢-05 diameter is two to three fimes wider than the
. ) | mounted thermocouple. . : : - . g 400 skimmer bore
The pressure ratio between capillary entrance B spatial resolution is 0.lmm  per Figure 1a) Heatable fransfer capillary with built-in thermo resistor > 2¢-05 . Stt Hock
Qnd ﬁrs-l- pumplng S-I-Oge iS geﬂer(]lly greOTer iteration, maximal measured area is and tantalum filament; the agdas flow enters from the ngh’r £ 300 Sta IOHOI'Y sShoC .WCIVGS . are observed as
h 0.5 leading t noked  fl qiti LabJack two by two centimeters. ) S 1.5e-05 sudden increases in the jet temperature, as
| ?ﬂ“ .d-5d eading IOT Cho ?h ow ﬂCOﬂ | '?HS]; *The confact microphone, clpped Capillary - Skimmer Multipol g = 1e-05 predicted by numerical calculations
N Tlul .yncm]co erms .e gas TIow ou. O s directly connected fo the PC sound : a- 100 o e The Mach disc appears at the expected
the caplllary is a transonic overexpansion. interface API / | location irrespective of the capillary wall
Stationary shock waves (Mach discs), Source || TR 0 0 temperature
depending on Copillory bore and back- A: Computer with Python interpreter E 2000 4000 6000 SOOOFre L(Z);)g [H;IZOOO 14000 16000 18000 20000 e The measured maximum je’r core temperature is
ground pressure, are thus expecfed. The B: Stepper Motors _ . _ _ a Y only morginolly lower than the controlled
interaction between the gas jet leaving the C: Thermocouple Patm= 1 bar : Py =4 mbar P, = 0.5 mbar Figure 2) Sound emission as function of pressure in the vacuum recipient at capillary wall tfemperature
(@) 1 o« e . .
capillary and downstream ion optical devices D: Heated capillary with temp. sensor Figure 1b) Schematic representation of the first differential pumping 35°C capiliary temperature. * The mlhlmum TemperOTgre IN the expansion
(skimmers / ion funnels) could potentially lead E: Labjack U12 AD/DA Device stage, the skimmer diameter is about 1.5 mm, the distance zone Is higher than predicted by the calcula-
to significant ion losses from the capillary exit to the skimmeris 1 to 2 mm tions even if the effect of radiation heating by

: : : : th ' ' '
The caplllary is either actively tempered or e capillaryis considered

heated by a hot dry gas stream.
We used an automated experimental setup

Tempel’dfure DiSfl’ib Ufion bEhind Cdpi”dl’y EXif > Interference beftween jet and skimmer have to

be expected

to analyze in detal the flow conditions
downs’rreom of the fransfer capillary exit at a.)T=26°C / p, = 3 mbar b.) T =85°C / p, = 2 mbar c.) T=100°C / p, = 20 mbar e With rising temperature and viscosity the gas
various tfemperatures and pressures. throughput decreases to values that also result
from theoretical calculations
. 5 I 30 °C] . [°C] ;  The gas flow is heated effectively even when
[°C] I28 & " only the last few cm of the capilary are
Methods = . s | tempered
O . 2 o i O ol 1 . .
o, 22 3 ks o, E 3 O, | E . » There is not much doubt that the capillary flow
Experimental Methods v ; : | | v . o “r p - is turbulent.
D 2 6 = 2 34 £ 2 %0 " -
. O 14 2 20 O 32 p O 4t 2+
Measuremer.\t Chamber: o | | ’g . ’g_ ‘qg_ or » Transfer capillaries emit characteristic sound
Home built vacuum recipient with mounting £ . 1 : = | e O L spectra, which are dependent on the wall
for a fransfer capillary, evacuated by a 2 - 16 2 - 2 fmm) temperature and gas flow
flow controlled rotary pump ol L 14 ) oL I N e The frequency spectrum varies with wall tem-
Temperature Probe: 2o s [0] 0ot | ? 2 5 1 05 0 05 1 15 2 pero’r.ure bu’r.no’r in’rh re;ipien’r pressure
mm —_ [mm] [ )
Micro thermocouple (Type K: Ni/CrNi) with ) The. h.|ghesT signal intensities were observed at @
) e recipient pressure of 30 mbar
0.25 mm diameter, mounted on a positioning
stage behind the capillary exit . | - | . | o | . | o | « Preliminary CFD calculations give an adequate,
Capillary: Figure 3a) Results of the temperature measurements in a transonic jet. First shock fronft is Figure 3b) Results of the temperature measurements in a fransonic jet. First shock front is Figure 3c) Results of the temperature measurements in a fransonic jet. First shock front is qualitative picture of the overexpanded flow;
. . o identifiable approximately 2.3 mm behind the capillary exit, width the of gas jetis 2.5 mm identifiable approximately 2.4 mm behind the capillary exit, width of the gas jet identifiable approximately 1.0 mm behind the capillary exit, width of the gas jet s : : : '
Home built glass capillary with internal P1100 is roughly 2.5 mm is roughly T mm addifionalinvestigations are underway
measuring resistor, length 18 cm, inner

diameter 0.5 mm. Enveloped with tantalum . . o
e (0.1 rm) forcurent heofing Axial Temperature Profile Choked Flow Literature
-Stage:

- - - 1) K. J. Brockmann, W. Wissdorf, L. Hyzak, H. Kersten, D. Mueller, Y.
Moveable platform adjusted by two [12C d) P 2 mbar b) P 3 mbar C) P 20 mbar | ' | | ' | | | ! ' ' ! ' ' ' ' ' Brachthaeuser and T. Benter; Fundamental characterization of
] 53 o4 o5 09+ - ion transfer capillaries used in Atmospheric Pressure lonization
controlled, motorized thread rods L T — T 3K K X ¥ KK Sources, Salt Lake City, 2010. American Society for Mass
. . >|< Spectrometry, Proceedings of 58th ASMS Conference.
Contact Microfone: - 0.8 W >x ACAA AN
. . . - B T - - ‘ ‘ 7 2) D. J. Carrol, I. Dzidic and E. Horning; Afmospheric pressure
Directly attached close to capillary exit, 52 7 oa | il A /\ VAN ionization mass spectrometry. Applied Spectroscopy Reviews,
signals  recorded by computer audio 20 | ] 07| K SO OO OO, 17(3):337-406, 1981.
interf i > VAN O & 3) C. Whitehouse; Elecfrospray interface for liquid chromato-
INTerrace 51 ) .
> Control _ > / - /\ & graphs and mass spectrometers. Analytical Chemistry,
ressure Control: O /J"\N - - - - 06 L | 57(3):675, 1985.
o
MKS Type 252E Exhaust Valve Controller ';' 50 L ] 5 = K VAN <> 4) A. P. Bruing; Mass spectrometry with ion sources operating at
- O . = atmospheric pressure, Mass Spectrometry Reviews, 10:53-77,
between measurement chamber and rough ..f.; oo | N | T E 0.5 ", /N O - 1991.
pump with matching butterfly valve. ’g 49 | i 19} . £ = o 5) B. Lin and J. Sunner; lon transport by viscous gas flow through
o ore 3 i i capillaries. Journal of the American Society for Mass
Data Acquisition: g 5 o oF £ 0.4 25.59C ¥ Spectrometry, 5(10):873, 1994.
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0.3} X - Experimental and numerical investigations of an axis symetric
Numerical Methods 177 . 65.5°C /. supersonic jet. Technical Report R-6, NASA, 1959.
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Computational Fluid Dynamics (CFD) : Teap = 84°C | T =28°C Teap = 28°C & 100.0°C gﬁggﬁ’gﬁ,ﬂﬁg& Goastrahlen. - Zeitschrift fur - Angewandte
OpenFOAM 0O 1 2 3 4 5 0O 1 2 8 4 5 O 1 2 3 4 5 2 4 6 8 10 12 14 16 18 20 100 200 300 400 500 600 700 800 900 1000 Skimmed Molecular Beams in Free-jet Zone of Silence, Journal
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Sound spectrum analysis performed by Figure 4) Temperature distribution along the !e’r axis for d|fferenT background Figure 5) Position of mach d|sc.as a function of chkgrognd pressure (pl) | Figure 6) Choked flpw through the capillary for ’rhree different tfemperatures. Reibung und Warmeibergung. Ingenieur-Archiv, 57:377-392,
. pressures. Shock waves are recognizable by the fransient temperature compared to theoretical values[é,7]. x,, is the distance from the capillary Flow rate increases up to a pressure ratio close to 0.5 and becomes 1987
gnuOCTAVE and plotted with gnuPlof increases. exit to the mach disc, p, = 140 mbar is the pressure at the capillary exit, d constant and independent of the vacuum recipient pressure
is the capillary diameter (capillary temperature = 100°C)




