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Analysis and application of relationship between Reynolds number index

and Reynolds number ratio
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Abstract: The Reynolds number index (RNI) and Reynolds number ratio (RNR) are commonly used
as important dimensionless numbers for Reynolds number related problems in the development of aero-
engine. However, the former is mostly used in the engineering development stage and the latter mostly
used in the early stage of research, and the two have long been in a fragmented state at the application
level. In order to clarify the relationship between RNI and RNR, RNI was firstly derived from two
perspectives: I/ theorem and algebraic derivation of dimensionless numbers, whose physical meaning was
RNR considering Mach number correction, which represented the Reynolds number strong similarity
principle. Secondly, the relationship between RNI and RNR was compared, in which the relative
difference between these two was only a function of temperature; and when the difference between RNI

and RNR was within the working temperature ratio range of 0.94—1.06, these two were considered
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interchangeable; given the temperature ratio gap between working conditions was too large, this was one

of the reasons why the current Reynolds number correction formula with RNR as the independent variable

had too much errors in practice. Finally, the operation point at cold and hot states based on RNI of 1.0 was

given as one of the applications of RNI, which guaranteed the strong Reynolds number similarity; and the

results of two sets of cold and hot state conversions were given, and the // functions of cold and hot state

conditions were calculated to be consistent, and the cold and hot state modelling was considered to satisfy

the similarity principle. The relationship between RNI and RNR explained and analyzed herein can be used

as a basis for selection of dimensionless parameters for Reynolds number related problems in all stages of

aero-engine development.

Keywords: Reynolds number index; Reynolds number ratio; similarity; modalization;

cold and hot states modalization
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fEIX, AR B 2 AR AL R T B LS SR . 4R,
WS R I 1T, 23 % I 22 B R H R, AR
Pt SCHER 2.1 71 (R AR ARLE 3 S, R T R 2 T AR AL
o T BGX 25 LAY 32 R R AR i R
NG RE T RASIE ST, SEbs BRER T 1, . AR
PEF 9 3L F RN A 55 A U v $ T 00 s Ak
J7 %, AT LAGRIE 9 200 2 1, AR AR

Z I, 38 3 FE T Reinan=1 195 15 5008 AH DA
A5 7k, M8 TR ESHRE T T AT
Ve, F—H T EXA AT B 5eHLA T A LA
FoH I, BB S RE T T E =M. X
Bl RE A far A5 OG5 S EIOM LY, DT i R A Ty
50 Iy, S Aaf AR, (0 LB A T 20 0] |
P25 D AEAT M P9 1 A TR o FH RS, AR SR8
BRI,
32 BWUFEREOIRER

BB O AL o € (SRS PN i X
A, F SC Rk bR HR 9 B8 TR A S B .
PR b Bk 2t 20 B 4 IR B B, DO R AR RTASTR
TR RIE o 25 T PSR S, 4 31
S E VY AR 10 000 r/min A1V 25 R 400 K,
PR 25 B W2 2, S5 5L 3B, 3 i RNT 38 AH AL
BA T A5 B ) 45 TR BUOR 5 T — 2, BBk n] LA
A IS A 7S T 00 ALY

F2 EREBBARSEULER

Table 2 Results of simularity under hot and cold conditions

for a certain low pressure turbine

T
IiH AR
SR R
PEE R A (kg/s) 4.200 2333 2.558
#E M B/ MPa 0.300 0.092 6 0.111
HE O SR/ 1078.000 332716  400.000
IENK Ho (11, 2.764 2.764 2.764
P/ (r/min) - 21600.000  12000.000 13 157.530
w107 (Pas) 5.110 2.840 3.112
Iy 657.876 657.876 657.876
I 459.661 459.661 459.661
1, 178.824 178.824 178.824
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Misg: XF [M-L-T) 2% T REEMNHE RITTIE

B L R~ A DG A TRl AR, BT LI F (M — L— T13X =~ F i RN A S R A5 () Y, AR AES
LB T IM-L-TIRS N W E RN, FIE5A 45 R IEARHER o VF ERAER AR 46 4t 1T 4 ) 22 3
WS T R A AT, 8 T G0 1 30 27 26 X6 R B2 A o 7 O UL B 1) B S 4, (R R
(M—-L-TIRS TR EEN ., EH A Bt ot M e 5SS, MR (M - L-TIRS kg &
PR LT RN
Al [M-L-T| RE T RERFKES

fit s K ShHLB G 8 5 (M- L-T - 01255, WAL FiRE 0N hsr . Bk b R Gk — 2 i
fE R =HHEM-L-TIRS . @ikt fads] Adn N Rik:

D) A &AEM . L. TR Y S B2 0 80 B R 4 M (1],

2) HE & M. L, TSN YHES)EL 8 Had MR

AR A AR SR YT I 3 RO o R e R O R A U, 18 B A Rt
595 R AR DG A% 0 AR i 22 I, R A L 8] G 2R 50 0 R P R R )
BE, 0 T R S S 0 AR R Z A e R DT, 5T A A AR Sl i KA, AN 4 e X B
B [M-L-TIRG T RN, W RS T P 558 1 20 2 5 B AR 5 AU $UE K
AN, A A R, (R 2) v, BT I A A R i d 4, 2 i 49 [1] & (i3 1 &
WSO, MR M, L. TRN, a5 hARTR A5 HHEBG.

(M —L-TIR G BA AL IR WS, BRI ENOIR R IM, L, THHE, (A
FiR:

[0] = [M°L'T] (AD)

K AD PHYEES & SO A =N, T

WA TSR R HE RSB, W (A2):

¢ = kRT (A2)
FN(ADTEM - L-T - O1 R G T IR R L (A3):

(LT = ([ Te7'1[6] (A3)

B (A3) Rtk M M-L-TI1& %, 5] AR EE R BN R 1R EIFH A (AL, B3 (A4)
A= (AS):

[T ML"T] '] =[1] (A4)

(0] =[L°T] (A5)
B (AS) AR (A3 1R [M - L-TIR G H A AN F R, = (A6) Fis:
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A2 [M-L-T-O| RETWITA3 [M-L-T] 251 )5 FR 1%

BALHPHER T (M- L-TIRE T 0RE ORI LT, RS 5E 1.1 75 il K iy i A L)
BTEM - L-T - 01 R4 F AT, RIESE N LR Al

MD. N, . pi. Ti\ pye iy Ah o RiX 10 DSECPLE LI 4 DL S8, A SCERID . py. T
R, 5HA 6 NS EHTEIE IR, S5 R (A7) FiR .

areprreryipres RTY
1L, = [DI[piPIT T [R]'m = Dy
1, = (D p PIT{VIRIp; = 2 (35%)
1 2
DN
1Ty = [DY[piPIT,P[RI'N = —— A7
v = [DI*[piPIT TIR] T (A7)
17, = [DY[pi PIT P [RIu = Dpi_ i
“ 1 1 P RTI*
Ah
Iy, = [D)[p;VIT;V[RI‘Ah = RT:

(A7) ZmSARF L R g m )5 5 () B —3.
A3 [M-L-T| RER R

FEARSCIM - L-TIR G I8 B Sl B oh, 36 F TR R A8 p s, SCP el 11 45 v iy 9 A Ff
ESPATUHIM-L-TI=AHE R RE, HHEZIETRBAYFN, (M-L-TIRFEH Y
P8 BB B O TR T AL T R, T B E A I SR 10 MR E B, M -L-T - 01 F i 74T,
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