The Ideal Fluid(Liquid)
Viscosity of a Liquid
Laminar and Turbulent Flow




Learning Objectives:

1. Describe an ideal liquid (fluid);

2. Define steady and turbulent flow:;
3. Use the equation of c:onfmu:fy fo
solve problems: ~
Sv.=8yv,orv,/v.=81/S,
where v is velocity of




*mass flow rate (units kg/s):

AMm
At

*volume flow rate (units m>/s):

=D -A-.v

ﬂ:A.v
At



Reynolds number/Yuciao PerHoabaca

The nature of the motion of the gas (liquid) 1s determined by the
dimensionless (without unit of measure) Reynolds
number/XapakTep IBUKCHUS ra3a (;KUIKOCTH) OIIPEACIISICTCS
Oe3pa3MepHBIM 4YMCIIOM PeiHonbaCa

D - BennunHa, KOTOpas XapakTepu3yeT
Dvp  Dv TMHEHHBIC pa3Mephl Tella, 00TEKaeMOro
T KUJIKOCTBIO (Ta30M).
v — speed/velocity
p — density/IJIOTHOCTh ra3a ()KUJIKOCTH).
M- viscosity

He =

17 %



Yucna PeWHonbaca onpegenAaeTca cnegyrwinM COOTHOWEHWEM.

pvDr  vDp  QDr
Re = = = :
n v vA

rae

e p — NMNOTHOCTb CPEABI, KIfM3;

o U — XapaKTEPHAA CKOPOCTb, M/C;

o Dp — ruapaBnuYecKkuil MameTp, M;

o 7} — AMHAMUYECKAA BA3KOCTb cpeabl, Ma-c unu Kri{m-c);

n
e IV — KHHEMATHHECKAA BA3KOCTb CPEAbI, M2/C (Vv = —);

o () — 0Ob&MHAA CKOPOCTh NOTOKA;
o A — nnowans ceveHua TpyobI.



Yucina PertHOBICA ONIPEAEIISETCA CIEAYOIIUM COOTHOIIICHUEM

Re = n v vA
YIS
— CpEeMbL, KI/M°;
V — XapakTepHas , M/C;
D — > M,
n— cpenpl, [1a-c nim kr/(m-c);
Vv cpensl, M2/c ();

Q — oOBEMHAsS CKOPOCTh MOTOKA;
S — IUIOIIaab CEYECHUS TPYOHI.



Newtonian Fluid Reynolds
Number (Re) Formula

pVD
u
U — fluid dynamic viscosity in kg /(m.s)
P — fluid density in kg /m”’

V — fluid velocityinm/s
D — pipe diameter inm

Re



REYNOLDS NUMBER

1. Laminar Flow Re < 2000
2. Unstable Flow 2000 < Re < 4000
3. Turblent Flow Re > 4000

Normally Re > 4000 for flow in most piping systems.

vV D
Reé = seennan
Y
Where
D = Inside diameter (ft)
V = Velocity (ft/sec)
v = Kinematics viscosity (ft’/sec)
Re = Reynolds Number (dimensionless)



Types Of Flows Based On Reynolc
| Number:-

» If Reynold number, Rn < 2000 the flow is
laminar flow.

» If Reynold number, Rn > 4000 the flow is

turbulent flow.



Nee = D.V.P

M
Nre = Reynolds Number
v = Viscosity
Nre< 2100 Flow is laminar
2100< N <4000 Flow is in transition

N;>4000 Flow is turbulent




Yuciao Pernoanaca

OxuH THN JBHKEHUSI MOMKET INEpPeXoAuTh B JAPYIoM, Harpumep,
IPOCTO MPU U3MEHEHUU CKOPOCTH TEYEHHUs. BIUAIOT Ha 3TOT mepexon
U Apyrue napamMerpbl. AHDMACKUN Gu3uk PelHoabAC yCTaHOBUI,

4YTO XapaKTep ABMKEHHUS 3aBUCUT OT 0€3pa3zMepHON BENUYHUHBEI.

pvl
n

A€ p — IUIOTHOCTh XHUJAKOCTHU, V - CPEAHAS IO CEYEHUIO TPYOBI
CKOPOCTH MOTOKa, 1 — BA3KOCTh JMXHUIAKOCTH, | — yCpeaHEeHHBIN
XapaKTEPHBIA M1 MONEPEYHOr0 CEYEHUs ITOTOKa pasMep (I TpyOsl
nuameTp). Benuuuna Re Ha3wpiBaeTcs uuciom Peinoasaca. [Ipoue:
KpUTEPUH MOJ00MsI U1 TEUYCHHUS BA3ZKUX KUIKOCTEW U raszos. Yem
Oonbuie BA3KOCTH TeM Re MeHblie! 310 ne KoHcTanya sl JaHHOMN
JKUAKOCTH! 3aBHCUT OT YCIOBHI TEMIIEpaTypsl, pmmeﬁm}ﬁﬁhare‘j

Re=



Re = p, 0D/,

rae p, — MIOTHOCTE XKUIKOCTH, 1 — €€ BASKOCTD; £ — auaMeTp Tpyosl; v —
CKOPOCTh TEYEeHHS,

Ec1u yuc:o PeiiHoabaca Sonsuie HekoToporo kputHueckoro (Re > Re, ),
TO JBHKEHHE KHIKOCTH TYpOvIeHTHoe. HanpumMep, I ragkiux UTHHIPH-
4ecKHX TpyG Rey =~ 2300,

Tax xak yieno Pefimonnaca 3aBHCHT OT BA3SKOCTH H TNOTHOCTH KW~
KOCTH, YIOOHO BEECTH MX OTHOUMIEHMES, HA3bIBACMOE KUHEMIMUYE KU @53~
KOCHIBIO:

v=1/py
I/ICHO.‘IbS}-'}I 3TO INIOHJATHE, WHMCIO P Cﬁl‘lOJlb,ZlC%l MQOZKHO BBIPA3HTDL B BHIC

Re = vi)/v. (9.17)

EaouHuLel KUHEMAaTHUSCKONH BA3SKOCTH SBIASTCS KEAOPAMHUIT Memp
Ha cexynov (M2/¢), B crcteme CI'C — emoxe (CT); COOTHOMCHAC MEXIY HH-
Mi: 1 Cr = 10-9 /¢,



