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Investigation of Gas- and lon-Dynamics in Heated Glass and
Metal Inlet Capillaries: Work in progress ...
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to electrometer 1.2 ° . _
For an optimization of inlet interfaces for AP detection chamber : . The experimental setup allows measure
mass spectrometers, a fundamental under- 10+ PR Laminar vs. turbulent gas flow: ments of pressure dependent gas flows,
standing of the flow dynamics in inlet capilla- . Capillaries: N R D N A R o a For standard conglltlons,. the .pressur.e dependent |on.transm|55|on and, with heating of the
ries is necessary. The change of the flow con- 2 - 1000 mbar | For measurements of the tempe- = I i L flow through a capillary with an inner dlamgtgr of 0.4 capillary, temperature dependence of gas
" : - : 506 e - 0.6 mm and a length of 6 - 220 mm is in good the flow.
ditions with the temperature is of particular rature dependence of the flow, the = e .
: — _— I L. 3 e agreement with the turbulent model data.
interest. D Qe el il s capillaries are resistively heated < 0.4 o
' -1 either by a tantalum wire (glass P _ . At standard conditions, the flow types of
Y 5 R O measured Shown left is a comparison of the data for a glass I : : :
glass capillary capillary) or directly (metal capil- 0.2 - e ST " 405 / length: 220 capillaries with an inner diameter of 0.4 -
State of Knowledge: lary). 0.0 : : : : : : o calc. laminar capillary (id: 0.5 mm /length: mm). 0.6 mm and a length of 60 - 300 mm are in
0 100 200 300 400 500 600 700 800 900 1000 good agreement with the theoretical
* Commonly used first gas flow restriction pressure difference [mbar] model for turbulent flow. The axial velocity
stages in commercial APl mass spectro- . +-70V 1.2 orofile matches as well.
meters are heated, critically operated glass Detection Chamber: | for ti . QqQ - - caltulared
or metal capillaries. The detection chamber is evacuated through a butterfly valve to a pressure between 1000 to 2 mbar. The flow on transter times: 10 5y O Teesirs
through the capillary is measured as a function of the pressure within the detection chamber. A pair of parallel Quartz glass capillaries allow spatially resolved s N * For capillary lengths exceeding 500 mm,
e For typical glass capillaries (inner diameter: electrodes allows the detection of ions delivered through the capillary. By biasing one electrode the polarities in ionization with a laser inside the capillary. Therefore, £ . the flow characteristics at standard con-
0.5 or 0.6 mm) operated at room tempera- the ion current are separated and subsequently detected. the transmission time can be measured as a function S 0.6 6‘@\ ditions converge for both models, turbu-
ture a number of investigations have been For measurements of the gas temperature a micro thermocouple (Type K: Ni/CrNi) id: 0.25 mm was used, of the distance between ionization and the exit of the “20 “~o. lent and laminar. Therefore, a differentia-
: : : . : . . S 0.4 1 :
made, which are consistent with the mounted on a positioning stage downstream of the capillary exit. capillary. g S‘O\S tion between both flow types can not be
assumption of a fully developed turbulent For a 0.4 mm quartz capillary, the measured times 0.2 \DSOQ made.
flow within the capillary. . . . match with the calculated times using the turbulent ~o\\@
0.0 | | | | | —
Ouest Companson between Metal and Glass Caplllanes model at room temperature. ; oo o w m o mw + The flow characteristics in metal or glass
Ues Ions: ionization position [mm . . L. .
. 2.5 capillaries are similar even at higher
* |s the gas flow at higher temperatures in Orlpltrap measuremgnts - S o temperatures.
o 5 Initial measurements with metal capillaries (id: 0.5 mm) N : .
metal and glass capillaries comparable- . . . 2.0 | gy A difference in parameters, for example,
were carried out at constant pressure using an Orbitrap O .
. @0y wall roughness is thus not observable.
 Does the flow type, laminar or turbulent, mass spectrometer. The gas volume flow was measured =1 oooo@@@@ 000 o0 Basic numerical modeling of the inlet capillary: 00
. . . E “ D, . AA .o = \ \ | | =
depend on the length of the capillary? at different temperatures. A comparison between the 3 ot A BB A‘ﬁ’%@@eﬁ@é@m@.@_@@ The available model for laminar flow was used for a basic 00| [— 60 Inflow velocity (my/s) | C for hioher temoeratures  mefther  the
 Are the flow condition different at higher measurements anc celovated 4t ShOWS. ' e numerical assessment of the flow dynamics in the inlet 20 turbuleit nor thpe Iamin:a\r model can
temperatures and smaller inner diametegrs ? unexpect(?d jcrend. 'AS Sxpected, the Hlow .condltlons 0.5 capillary: A simplified flow field in the inlet capillary was £ 2«0 describe the flow characteristics
P - change with increasing temperatures. There IS hc.)wever 5 ° gtrzs::::mem assumed and the temperature distribution in the § 220 | :
no way to .determlne whether thg flow is laminar or . . . . % aalc laminar estimated gas flow was simulated. 2 200 . !t ap?pears as if thajc-the models are
turbulent with the conducted experiments. | ' | | | | S 180 invalid for these conditions.
0 50 100 150 200 250 300 . . . . . . N
ethdS temperature [°C] Right: The assumed axial velocity distribution of the gas < 140
M flow for different inflow velocities. T 140 , , ,
1.0 l culated —— - S e The metal capillary used in the Orbitrap
Experimental Setup Sy W - . | . Below: Calculated gas temperature for different inflow G mass spectrometer and the capillary used
Measurements wit experimental setup: fr : 100
lonization: 0.8 | . | velocities. A segment (2 cm) at the end of the capillary was in the present setup behave differently
: i A systematic comparison between glass and metal heated in the model. The resulting mean temperature at 80 (nominal identical dimensions!)
. Wit_hina custom ionization chajmber, upstream of the g 06 T — S o capillaries with identical lengths and inner diameters the capillary end is lower than that observed 60 == p . P C S ' |
capillary or inside a quartz capillary S was carried out using the experimental setup shown experimentally. Axial position (cm) A clarification of the observed differ-
e ATL Atlex KrF*-excimer laser (248 nm) E: 0.4 above. No difference between glass and metal rence is work in progress.
*  Anisole as analyte Ag:assat]:gt capillaries in the temperature range between 20 - 60 m/s inflow velocity A —
O glass at ° o . ] .
Detection: " metal at 50 C 150 ”C was observed. The figure (left) shows data for —) 350 * The basic numerical assessment of the
: : 340 . .
*  Within a custom detection chamber with a pair of 0.0 | | | | | | | °Imeta' atllso c a length of 14 cm and an inner diameter of 0.5 mm. 85 m/s inflow velocity 330 capillary suggests an essentially turbulent
electrodes mounted in paralle 0 M0 20 00 0 S0 w0 700 30 0 o T —————————— state of the gas flow in the capillaries.
pressure difference [mbar] 300
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