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Simulation and characteristics of the coolant feeding tubes

in tip clearance control system
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Abstract: Typical coolant feeding tubes of low pressure turbine tip clearance control
system were numerically and experimentally investigated with three-dimensional calculations
and full size experimental section, i. e. 90° curved round-section coolant feeding tubes. The
outflow characteristic of impingement holes on coolant feeding tubes was studied, and the in-
let parameters, arrangement of impingement holes were changed to examine the rules of in-
ner flow and flow rate distribution of coolant feeding tubes. The effective inlet total pressure
of impingement holes was defined, then one-dimensional flow net caculation model was es-

tablished according to this new assumption. Finally the assemblies of coolant feeding tubes
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of low pressure turbine tip clearance control system were studied by this one-dimensional

flow net model and experiments. It was found that with the increase of central angle, the

outflow rate and the discharge coefficient increased. The outflow rate through the coolant

feeding tube increased with the increasing of inlet Reynolds number, however the discharge

coefficients of the impingement hole remained consistent. The comparison between numerical

results and experimental data indicates that reasonable flow characteristics of the coolant

feeding tubes can be obtained by the one-dimensional flow net model. The maximum relative

error between calculation results and experiment data is 4. 5%. All the results show that the

one-dimensional flow net model has a reasonable accuracy and good application in the com-

plex fluid nets like the tip clearance control system.
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Fig.1 Tip clearance control system of an engine
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Fig. 2 Schematic of flow rate collection and pressure

measurement
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Fig.5 One-dimensional flow net (No. 3 coolant feeding tube)
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Fig. 11 Numerical simulation results of inner flow
and outflow characteristics of coolant feeding tube

(No. 3 coolant feeding tube)
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Fig. 12 Comparison between numerical and

experimental results (No. 3 coolant feeding tube)

. e

MNP 12 5 AT L B 4 % B, TG e HAE b
i L I W R A T R L O R LA A A I
B, AR SCHE ST 9 = 4 CED 70— 4 [ 45 375 3h
TR 47 i M 0 E AT RS AL L AR B R R T
NG . (PR — 4 ) 45 30 8h T 5 T T I TR] 2 5
T =4 CFD 4.

3.3 EREHRSENBERESE

FE BN F1 A DLER AT 58 1 L Al b 4 AR SOk
ST 1) — 4 I 2% 3k I A5 T 1 R (R] B4R ) R S
A AR R . Z R B RS T 6
NG EARE L RE T ARFLE A
AL,

A AL A e ) e P 4 R AR
AU R RO R AR R BT L IR O A TR
JE po A IE BRSO #R R Z e pa/ pe TE
1~ 3 {0 1B P 2B AL 0t 5 0o A I I ST R o
A I E ORI R T L BVER pa BT
KRR po. BRI & R 50 EOR
=L 13,

S m ! pu’Tu
= ED:‘.:~-..

: --..::::::_\_k\%;@.. IFEg
s (uufn)
: FAET 21

=

=

Bl 13 [ B il 2R 0 % A1 30 B
W0 % EHR B

Fig. 13 Schematic of flow characteristic of

experimental device of the tip clearance

control system
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