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A°NEW METHOD OF SOLVING FLOW IN PIPE SYSTEMS

Rl Sl Hsu -

A hyhaem:!}{:‘piqug_.as commenly used in, the ficjd of hydraulic. -engineering

alwhys consists ef a group of Ioopé. Tt_i_e solution -of the- flow in- each leep is
@ very:tedigns woitks By successive appreximaticns; a fal.ly -aceurate gqi_utlon
may be ‘obt.ained afte.r'three or mere times of correctien. The original idea.'vqas
idwes to pref, :Hardy Cross, whose methed was, however, not simple and- limjted teo
ihec flow of water due to the use of old ‘empirical formulag applicable te vartléu}ar
pipbsitaly. nThese formmulas always centain terms with odd expenents te mako

the solutien quite cemplicate. The writer m’@difine the Orig‘nal idea to. make the

T

prmczples of tbls method is f;rst stated and an ﬂlustrat;un will be gwan to show

the precedure of selutien.

General Principles -

-(1).The less. of head due to frictien in any pipe of .the loep as shown_is

commenly expressed by,

I. V&
LH. = ¢ f)_ ?g_.

where I. and D are respectively the lengt_h and diameter
of the p_ipe, Vis the'velpcity of flow aad f is the coeeificient
of friction. For any part"r"étﬁafpii)e, f i3 a functien of the (Map I)
Reynolds number and it is constant only fo: a constant vel-

ocity or, in ethe; words, a constant rate of d'scharge, Q. Again,

L.H. = § ";:j" -—2—&9‘32
where Eh] 15 ché C‘.rf;ss-f.-;c;tli(:‘r.ﬁai area of the pipe. For a given pipe,
L 1 N T R
T a2 = CONSTHNL &= ¢ = 4555 ‘¢app.) -
L.H. = f egP!

Therefere, for any given pipe, whatever the discharde is, the less af head can
be expressed 16 be a constant times f and Q ta the secend peower.

Wi . .
(2) Frem experiments, the Imgarith(mfc plotting of yalues of’{’against Reynelds



—_—r K ot ok -
rmfnbar ’R’fer a glven pipe is a straight line and the following squatien helds.
Log f=SlogR + a,

ar, Tog f = S log Q + b,
S is the slepe of the straight line, and a,b, are constants. S 18 -] fer Iaminar
Tlow ‘and 'is.gener'ally very small for turbulent flow, i.e., the change of  is only
ve}é"-s-l'i.fght for a small chaage of R or Q.

’(3.) Tetal flow from a juaction -of pipes must be equal te the total flew

¥4y The tetal less of head aleng the pipes by tracing areund the loep must be
zére 'in”cg'ns‘idering that the less of head hes different éigm algebraically accerding

to whether the flow being in the direction or agiinst the direetien of tracing.

"‘.l'd'afthemat'ical Re.lafionship.-

If ;my flo.w' Q, is assumed for any given pipe which has a prabable true flew
ef Q, the fallewing relatien halds,

Q=0, + aQ,
whei'e'éoo is the‘ probable errer in the assumed. valu=z jof' -Qa « In the gimilay
manner, fo is the ceefficient ef friction correspen&ing to QD ; and the tme.f.ls;

= £, i. af,

The loss of head in ene pipe of the circuit is,

d1.H, = f‘_an__ = ¢ (fg + afy) (00:1_-_/_\.08)2

= cto(qitzﬁoaao). (app.)

s;ince:.&f° is very small and alse /_\Qi may be neglected.

The summation of the loss of head of the whole loop must ba zere

chﬁz -=Zcf90§ 122 cf,Q, A0, =0

Tet AQ, be tie average prebable errer for the whele lesp.

_ Zcfoﬂ‘z
AT = + —
. e - 2Zcf90

{app.)s
)

“ﬁ—-



Stace iog f = 'S'hg Q+ 15‘, ﬁir di'ff‘ér.nnt'i;tion-';ira obtain
=39, ol
AL 2 o Qe

Vaiues of S for differen;: Xinds of pipes may be ‘easily calcuiated and are
given in accompanying with the experimental curves

%mm Ptmdure.- .

The problom 18 te determlna the probable distributien ef flow in each pipe In
tg:"dﬁhmnt lups ot a pipe system.

€y ,Agai_lm.the fiows in all the pipes.

(2) Determine vélues of ¢ feor all pipes, (¢ = 1./40 D3,

(8) Find Reynelds number for each pipe and value of fq
(Fer water at 729 F, R = 122,000 Q/b)

(4) In each leop, cempute for aII pipes eoncerned values: of cf 02 and cf Q
The summation of the !'brmer dnr:ded by the summatien of the latter gwes A Q.,

P'ne?pd on the same pmcedure for Dthar loeps of the syssem.
(5) Make the comct;ons for all the pipes abeout Q.

{6) Carrect fo 1f Recessary.,

(7) Repeat the process until A Qg for all pipes won’ t change any mare in

succesaive calculatiens,

In assuming the flows fer the first trial, remember tha rule, Fer same

L.H. in different pipes, the smaller is ‘¢’, the bigder will be ‘Qy’ in any pipe,

Sketches and tables are useful in selving the preblem as shewn belew.

lustratien. Water is flowing in the piile system as shown.
Table 1,
i —
Pipes Material  D(in.) I (ft.) c
1 12 300 7.5
2 all 12 200 5
3 12 400 10 (Map I
wreught
4 200 . 38
5 Iren 8 300 57

23




- - RS T ]
<o
39
ok
S
L4

12 =9 o 8
10 a2 550 13.8
11 12 200 5
0f aqiq dose G~ de o anite] i skdodesy e suine1od o ai micidirg anT
ow {race the loss of head aleng the loops bheginning with lop ne. I and
JrotEwE egiy L 18 aooel reowolib <=di
trace it in a clonckwise direction. The less of head of the flpw in this clackwise
* o i I i | e e -
direction during tracing is considered po_s‘l‘t?@éqaﬁﬁ’f&&v“fn‘fb%”‘rcv@rs’e“ﬂi?ésctﬁ&?l is

negative.

Table II - First Trial

L7 T L -
‘_L@ep 1 l?;pe c £ Qp _ Qa c."o Qo cfy
val €2 el e i L cuny o¢e Febivib yoozel silr
1 7.5 014 1 - ~-10.5 _ 1.05

9 g g4 ofo-:sﬂf*o :_n!ﬁ‘g-‘f;»;.c:jm-:a,.-: if’ﬁa‘fh‘?’ i‘.ﬁi

2 10 . G013 .. 1§ .. 4 30Ee ol
| 1T F70

Ai S%E50 Yan

This-cgreaction ATy 08 1o be appiied covnsercl 2hwisalyand so degifdAra WY

BR % shéwn in this dircction..

)
Leop 1I . - Pipe e e R G miy 1 Qa el
3 100 B3 I8 o] yeage asizraanil
4 38 013 7 +2s 500 R Ji‘dﬁ
5 87 016 T S
=12 55

ia
Leop @& Pipé e fo M, fG, ety Qyafysra
: L 5
P .. 013 G‘l%’ “Z'J-OS i nnsi
8 4.5 U13 7 ~53.0 3
L 24 —



38 015 g0 8D 4.8
47-5 0015 - B{ 4 45 5-7
gy 215 0.3
I '

Leep IV Pipe ¢ fo Qb = (‘Jéc:r =Qgiris

57 — 6. 0 0
475 015 +35 7, 5
. RE G?,)_ HB o
11 5 08 18 +115;s 1
10 13.8 015 5 + 5.5 1.1
' - b 0.t e _
9 5 o 25 ~37.5 1.5

———m .

6,5 4§ 8.8
AT =S s

New correct the assumed flaws by these A 8j-firstate these branches that are

net commsn to two loeps and then use general principle: (3) to get the flow in

the ether branchea'.
QGerrection for

Pipe 5 — f w -018. For all other plfes, A Q&7 are all less than 10 9% and

- I6.G a.Ll b B Y
after multiplying S, values of AT, 43!’% are enly +1 o% and can he neglected.
B Bl L.
Usually f, should be corré_cted only (ajl;dn A ﬁ@,_f;% is as highlas 30 er 40 %.I

Values #f. ¢ and { may be pu$-’in the gketch as shewn below,

Table IIT » Stcend Trial

(I‘fo TAEM) Leoop | 4 mer_ Qi Cfo %cfo
¢iti. g
‘AP IV) - 1 ~13.9 1.21
g O T .80
'8 #2860 - i
+ U.4 3.(0:)
RIS 5 TV S R BT
P



Leop II  Pipe Cety;  qef,
s )
+32.1 4.28
5 + 14 1.0
o5 705,

A —

Lesp III Pipe of) ot S Q, of,

i I -

4 —32.1 4.28
[RPE S

8 —30.,0 4.61
L LI;

:) L2, 9.60

T3 { - TOAG

: 9
A_,‘aa. =‘ Exglg.gi'g 0.3

2

Loop IV Pipe Q, cfg Qp clg
— 1.0 1.02
_ . -!-_:&}'.‘0 N O 8
11 +12.8 0.91
¢ E 1.6}
10 + 3.4 g,
2 0,87 A ihiBEY

Aﬁg =ﬁ:‘;’?¢‘= 0-3

Correction fer f

Pipe 5§ f = 1002 (MAP:V) 1asol (MAP VI)
10 f = 0.016

After sccond correcglon After fifth correctien

The flew conditien after this secend correction gnd that after fifth cerrection
NS LU g
are shewn as above. We' can see there are enly shight differeaces between
these twe, 0 = of

e ”‘-—-"



Valies of VD for Water ot 72% = R:guno(5=0.0000/04.3 11 persec)
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