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Response of the Fully Developed Pipe Flow to Rough Wall Disturbance
(Mean Flow Field)

Aung Thuyein WI N, Shinsuke MOCHIZUKI and Takatsugu KAMEDA

“!Graduate School of Science and Engineering, Yamaguchi University
2-16-1 Tokiwadai, Ube, 755-8611 Japan

An experimental study was conducted in order to clarify the response of the fully developed pipe flow to d- and k-type
wall roughness of various streamwise lengths. The measurements were set to emphasize on the response processes, which are
deformation and relaxation of the mean velocity profile related to the strength and type of roughness. Under the same
effective pressure drop, comparison of the mean velocity profiles and three common characteristics of boundary layer
thicknesses (displacement, momentum, and energy) revealed that the initial stage of the response to the flow depends on the
type of roughness. The total recovery length until the fully developed state depends only on the effective pressure drop caused
by the rough wall.
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Fig. 1 Experimental setup for pipe flow
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Fig. 2(a) Coordinate system and nomenclature Fig.2(b) Sketch of roughness

of the flow field,
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Table 1 Detail dimensions of roughness

k w, b b/k (b+w)k k/R
dtype 25 625 375 15 4 0.071
ktype 2.5 3 7 2.8 4 0.071
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Fig. 4 Static pressure coefficient along the downstream of pipe flow; (a) d-type (b) k-type
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Fig. 5 Static pressure difference against two types of roughness varying in length
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Fig. 11(a) Recovery length of the system depend on effective pressure drop;
(b) Length between peak and recovery condition varying in effective pressure drop
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ATk LTINS D 2 on 3. k IPHLEREC X D REUCHBWTIE, AC, = 0.50%F (L/D = 12) Tx,,, 23EE
40D O—ElAE & 5. EEERE I N — BN LA LE A2 RERG S B 25 &, RHEESHSHEOREIC L 6T
NEIHRRIZ L > TR SN D Z LITBRELS, LT Z ENEX N5, k BHEOSE, ik 5 o5
M ABIER SN TER Y, GELIVORRER X OVEREEE RO b O L B s Z LRSS, k BHmIC X
VARSI, VETEERH LA © NB OELIVERBEE IR B E KT T LB X DD, D D OISR
FIBNE % BT 5 £ Tk T 5 L EZ2 5N, 202 LNEHRES B IO 1L XE SN BEEEER% b
MU 2R EEB 2 b5, £, AIEIHERIIEOEZZL D RRICRItEFEE 52, 52onizftk
FEITENAERZE U COHEIRBICE S ETICHIR SND Z 212725, LIRS T, AR FiicBit S iE
FEDEIEWIR PR DA —H — LB 2 5 &, FHPRRIE~D[E1E £ CTOBEhEEEN A 2T S BRI B3 2 55 5%
IR TE D, OO TRIT LA 2 VRIS e EOELRERH EOFINC L VLMD B bND.
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Fig. 12 Development of the internal boundary layer; (a) Mean velocity profile plotted as a function of y*/2;
(b) Development of internal boundary layer plotted as a function of roughness length
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4-3 ANEERBORE

BEMRPTO B 72 DI REN R E OJE R 2 B 2 D R EBFAEL, JEJHRK, HEOEIB L OEE RS2
NENDH DM A "9 2 &1, HmsE IO ET HDNBENE 2 ZBETRE 2 L2738 LT 5. HmEEL T
IZBIT 2N EE X, NGO ORRE L BIEIEEHC E- 282 KIFT LB 6N5. 2 2 TIIEk
BRENTVDFE B ITHESOTREBERBZRE L, ik L Th. X123 A5 45 2y /2125 LT
N b OTH S, Wi Ed L O B CAR S 7o SLIHRE DS B UTEE AR A ERNE T H LB X b,
ZNEFHA L CNESERBE S 2RET 5. K2 2 FEOMIEEEC L 2R FF 27T, d BHEO L O
LHMETITZZRW S OO, W X 50T AMEFRESHER S5, x/D = 0.1 NSRS OJE S T
BEIZ X DB RITLT-HEHE B2 b, BAIREOREREDO—2L 2D, LItR-T, b EERNIC
AL, SERREEEATR KL O EE R~ OB BT D NERH D 1Y,

X 12(b)iX Z O FIEIC £ 0 MiEEERE G (x/D = 0.1) 1281 5 NEBE IR & OfLirEE R S12xhd k72 R~
k TR L D RUEE S 1ZR CRE &0 d TRHE O RICH R TRE K, NEEREORENH N L 4R
T /N TIPS LY, kBRSO TIR(S; /R)~(L/D) 082, d ML IZ DU TIE(S; /R)~(L/D)%72 & ™ o
EOAELNT-. kK FEHEICBWTE, FOREOHSIZLY, L/D > 120 TS 0VE R O 9 EFRED—E
fEICAf L7 LD ICRZ D, WEEREOEROFELZBET 5 L, k IHEEEC L H2WNHEAEE SN
DEIFCBNWTIRFE R NGEL TS LTS D, NEEERUE O b ~DOFE T BE O BN E 2R
Bz 8RR L, HEES L2 ERES LTH LY REQRFENGOERAFcERnE VW25, £
72, kK JEHIEIC X 2 EHEREEIL/D = 1204 CIXIEF &2 D EWfF S5, NEELFE OE S IXHImEED
WERRTEELYHEO —DOTHLEVXD.

5. %5 I}

HRNESHEEINZTR CAEOSMET 2 FREOMEREC L A FER2 ik L, k JBHEEZB W TIT L v fhVES
ER D& 5 2 & SRR E AT O MR OFEN SRR Sz, k IR X545 TE, BEEFERICER
WCEBEIE XN — BT 2R N A L2, Z OB AWIS 0I5 “stress bore” DI & /RIE
THHO LRSS, kK TEHLITREC L H/ERTIE, d IHmAEC < & ~BEmEE WS /138 X ONLIVAERD @V 2
& HER ST,

k A RE W\ CHEENEE S OKEZ bhm & U7 EHERRE S, d B HLmEE S~ C & k EHLmAEDOL/D < 120
FH CIHLE ORI X S THEIHRRIKITT 5 2 LAVRENTZ. kK TBHIEEEOL/D = 120354, WEEER
JEIE S NIFEHNCEL, FHRRAE E CORNEIEBEZIZIE 40D & 72 5.
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