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ABSTRACT

Conyerling the balance cquation of the branch of a minc ventilation network inlo an cquivalent nonlincar

programming problem, this paper proves that the tolal sum ol the cnergy loss in cvery branch will be 2 minimum

when the airflow distribution in the networks is in a balanced state, The energy mcans of solving the network

cqualions by nodal mcthods is also noted, and a thcorem for the unique cxistence of the solution for a nelwork

balance cqualion is give. An cxample is used o cxplain these conclusions.
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1 ANALYSIS OF ENERGY IN AN AIR-
FLOW DISTRIBUTION NETWORK

Lct us consider a nctwork including f fans.
The airfllow ol cvery lan in the network is Qg
and the pressurc H . Then the total sum ol ener-
gy which goces into the network [rom all the [ans

15
/

E=XQ H, (1)
i=1

Il the discharge in branch i is Q;, the hecad
loss #;, the discharge at node j is ¢; (i.c. the
airllow leakage atl node j ), the pressure at this
node F7, then the total energy E| which lost duc
to branch resistances in the airlfow distribution
network and the total cnergy E, which is trans-
fered into the nodes can be respectively expressed
as

N
E =X%0QH (2)

i=1

J
E,=ZQH, (3)

where N is the number ol branches and J 1s the
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numbecr ol nodcs.

When the airflow distribution 1s in a bal
anced statc in the branch network, according lo
the law ol conscrvation of cnergy, we get

E=E+E, (4)

From thc above cquation, we can sce that
the encrgy E can be divided into two parts, One
part is thc resistance and [rictional losscs. The
other part consists of losses duc to tunnel [rac
Lures, vacant places, caving zoncs, heading [aces
and so on.

The discharge method and the nodal meth-
od arc usually uscd to solve the branch network
balancc ¢cq uation'!, In this paper, we convert the
balance cquation of the branch nctwork into an
cquivalent nonlincar programming problem to
prove that the total sum ol the encrgy losscs in
cvery branch is a minimum when the airllow dis-
tribution in the nctwork is in a balanced state.
We also point out the usc ol the nodal mcthod
[or solving the network cquations and give a the
orem [or the unique cxistence of the solution for
a nclwork balance equation,
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2 NONLINEAR PROGRAMMING PROB-
ILEMS IN THE AIRFLOW DISTRIBU-
TION NETWORK

2.1 The Calculation of the Network Balance
Equation by the Discharge Method

For convenicnee, we only consider the case
ol a single an. Let us choosc a nclwork consis-
ting of N branchcs, J nodcs, and A indcpendent
loops. Jth is considered to be the node of the fan
and is taken as the reference node.

Il thc cssential connected matrix ol the
branch nctwork is B and the essential return ma-
trix C, they can be expressed as

B=[bJ, XN, C=[Clyyx N

The symbols to represent the matrices ol
air{lows, hcad losscs and lcakages arc as [ollows:

Q=[Ql) QZ’ ..... H QN]:
h e [hl’ !,2’ ...... s I’N]’
qz[qla qza """ s (Ij—j]

When a network is in a balanced state, and

the low dircetion of cvery branch is determined,

[

the following equation %is obtaincd

BO=gq (5.1)
Ch=0 (5.2}
h= RO} (5.3)
where R, is the resistance cocilicient ol branch

i. The cquatitics (5) arc the essential relations and
can be used to solve the airllow distribution in
the network by the discharge method.According
to cquality (5.1), the solution for the cquation (5)
is the branch discharge. If the rclation cxpressing
the cquality between the cquivalent loop dis-
charge and branch discharge is used 1o replace
cquality (5.1), the solution [or the cquation (5) is
the loop discharge. We can use the above meth-
ods 1o solve the branch cquation of the branch
nclwork and the loop cquation. The encrgy
E, lost due Lo branch resistance is determined by
the ollowing cquation:
N
E =XIRQ (6)

i=1

The Nirst law is that the solution of balance
cquation (5) ol the branch nctwork is cquivalent
to that of the lollowing nonlincar programming

problem:
. 12 3
mmG=§ LR.Q, (7.1)
;=1
ST.BQO=gq (1.2)

With respect to the objective function G of
cquation (7. 1), there arce the [ollowing cquations

oG 2
E=R‘_Q‘_=h‘_ (8)
and
92G
2 ZZREQ‘- (9)
30

i

The Hazen matrix of O aboul G is

V°G(Q)=diagl2R 01, 2R, 05+, 2RyQx]  (10)

It is scen thal v “G(Q) is a diagonal matrix.
As mentioned, cvery diagonal ciement is then
greater than zero. Therclore, il 1s a posilive sym-
meric matrix. Also thc control cxpressed by
cquality (7. 2) is lincar, so cquation (7) 1s a con-
vex programming problem. I the cquation (7)
has a solution, the solution must be unique and
can be expressed as

Y=[Y,, Y, =eee LYl (11.1)
g, = Elb“Qi—w (11.2)
Lct Q7 be the optimal solution. Because

cquation (7) is a convex programming problem,
the Kuhn-Tucker condition holds a1 Q7
thercis Y™, which makes the following equality
tenabid®h

VG@ - Ty v, (@)=0 (12

l1.c.

2

From cquality (8), we can get

VGQT)=h" (12a)
From cquality (11), we have
V, (@) =[b, b b 1 (13)

Ly’ v{(Qj’):B’"y’ (14)

i=1
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Putting cqualitics (14) and (12a) into cquali-
ty (12), we can gel

h'=B"Y’ (15)

Equality (15) is the condition with the solu-
tion ol equation {7) must satisly, because the so-
lution of the K uhn—Tucker condition (12) is the
optimal solution ol cquation (7). Multiplying by
the return matrix on cach side ol the equality (15)
wc have

Ch"=B"Y" (16)

As wc know, the rclation matrix and the re-
turn matrix of a graph arc orthogonal, i.c.
CR,= 0" From cquality (16), we obtain

Ch* =0 (17)

Equality (17) shows that A * satisfics the
cquation (5.2). Putling all the above mentioned

rclations together, the [lirst law is proved. I

Lagrangc’s Tunction L(Y, () is consirucled by
cquality (7),1.c.

L= TR0+ Y (BO—q) (9)
then

VI.(Q)=h-B'Y (19)

V /()= B0—q (20)

As mentioned above, the cxistence of

0" and Y" al the optimal solution of the cqua-
tion {7) makes the cquations (5.1) and (15) wena-
ble, i.c. VL(Q )=0: Vi(¥")=0.Ttis sccn that
Y" is actually the Lagrange multiplicr ol cquali-
ly (18).

Now Ict us assume that the pressurc at cvery
nodc is H,. and can be expressed as

H=[H, Hy- H,]" (21)
When the branch network is in a balanced stalce,
we get

h=RB'ir (22)
From cqualitics (15) and (22), we conclude that
the Lagrange multiplier YJ* is the pressure H; at
node j{(j=1,2, ¢ ,J—1).

The sccond law is that, lor a nctwork in-
cluding a single lan, the solution we get when us-
ing the discharge mcthod 1o solve a nclwork
cquation makcs £; minimum. In other words,

the balanced statc of a nctwork is a a state when
E, is minimum. From thc above discussion, the
result 1s obviously lenable. What we must show
is that the minimum is considered in the calcula-
tion,which amends the closed error in a loop and
transforms the network from an unbalanced
statc Lo a balanced stalc.

Based on the above discussion, we conclude
that there is some solution [for balanced cquation
(5) of a branch nciwork, the solution is unique.

2.2 The Calculation of a Branch Network

Assuming thc symbol N7 as the number of
the node, we have

o ={H|j € N7}

When we usc the nodal method in the calcu-
lation ol a branch nctwork, the balancc cquation
[or the branch nctwork can be expressed as

_— B ¢ _

1,-_2’,',- (H}. HI.) +ql_-—0 (23)

ic ™
abA], reN

In the above, 4; is a sct of symbols ol nodes
next to the node j, r; a parameter ol branch j—i, ¢
a constant, which can be decided by the hydrau-
lic formula. Usually, ¢ is obtained by the spot
measurement or a modcl test,

The third law is that the solution ol the bal-
ance cquation branch network (23) is cquivalent
to that of the following uncontrolled, optimum
problem:
1+¢

N
mnW =X R (H —H)

r=1
J
+(1+e)Xq H, (24)
/=1
where R, is a paramcter of the branch and has
the samc meaning as ¢, and ¢, and ¢, arc the
start-node and end—node symbols.
From cquality (24), we gct

oW ¢
g—f{—.‘Z(T+C)(‘5rﬂ(Hf~H,.) +f],)
i i

= (1 + )T, (jeN) (25)

Bccause W is a continuous [unction of A7,
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al the place of the optimized solution ol cquality
(24), there cxist N#, and ¢+1>0. So al the
placc of the optimized solution of cquality (24), it
should be the casc that

T, = z r(H, —H.)" + q,=0  (26)

e %

Equality (26) is a balance cquation ol the branch
network (23). From cquality {(25), we can obalin

VH{(H) = 1+0)J(HT) 27)
in which, J(H# ) 1s thc Jacobi malrix about
' of the branch neiwork cquation (23). Tt is a
positive, delinite symmectric matrix. Therclore,
V7l1"(lf#) is also a positive, delinite matrix and
is unique. Obviously, it is also thc unigque solu-
ion of cquality (23). Putting all the above rcla-
tions together, the third law is proved. The objec-
tive function ol cquality (24) can be expressed as

W= (1+c)F,+E, (28)

According 1o cquality (28) and thc above
discussion, we have a [orth law: when we usc the
nodal mcthod in the calculation of the branch
nclwork, i.c. when we usce the method to amend
the closed loop discharge crror at a node and
make the nctwork turn [rom an unbalanced state
to a balanced state, the network in the balanced
statc makes E+(1+c)E, minimum. What we
should say is that the minimum of E+(1+¢)E, is
considered in the whole calculation of the branch
nctwork by using the nodal method.

3 EXAMPLE

As an cxample, consider the nclwork of

Fig.1. The given data arc listed in Table 1. The
problem is lo dctermine the natural sphlitling in
cvery branch. This problem i1s as [ollows.

18 3 1 2
=§"=¢:lRIQJ, — (40, +5 B8O,
!
+5C0 ) (29)
Q4—05=0,=0 (30.1)
Q70 0,=0 (30.2)
Qst0~0,=0 (30.3)

By a lincar conversion, the above solution is
cquivalent to the following uncontrolled opu-
mum problem:

: 1 3 3 3
mmG=§[R1Q1 +R,0,+R, 0.

3

+R(Q,-0) +R(Q, —0)
PR, -0)"1- (40, + BO;

+%CQ?) (31)

The Newton-Raphson mecthod is an iter-
ative mcthod flor solving a gencral system of
nonlincar cquations. The computational results
arc summarized in Tablc 2.

Table. |
Branch Numbecr 1 2 3 4 5 6
Recsislance
5 _ .53 04 3 . . .
JN-S e M 0.53 049 036 032 0.76 1.20

Opcrating discharge of the fan Q, =45.03 M?/S

Typc of the fan 4—72—11 No.20

Coclficicnt of H—Q curve of the fan 4=1920, B=7.92,
C=-0.366

Table.2
Branch Number 1 2 3 4 5 [
Discharge/ m?+ §~' 45.03 3093 2603 2405 19.00  5.05
=

Fig. 1 Example Network

4 CONCLUSIONS

(1) When the discharge mcthod is uscd in
the calculation ol a branch nctwork, the solution
ol the balance cquation will make £, minimum,;

(2) When the nodal method is used in the

(T'o be continued on page Ne 96)
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Kcy words: deep-drawing ratio, rectangular work-
picces, formation limit.,
Chang, Zhihua; Huang, Shangyu; Jiang, Kuihua (Wuhan
Institule of Technology, Wuhan 430070, China). Trans NFsoc
{Chinesc edition), April 1993, 3(2): 44—47. ISSN 1004—0609.

61—0009 TIntegrated Treatment Process for the
Utilization of Slags from Aluminum Smelting. The
formiation of aluminum slags in aluminum smclting
and aluminum casting was studicd. A new cconomical
and contamination-frcec process for the recovery of
aluminum slags was proposcd.

Kcy words: integrated treatment process, alu-
minum smeclting, slags.

Wang Qiang, Kos B® (Jilin University ol Technolog,
Changchun 130025, China; * FOCON Casling Company,
Auslria). Trans NFsoc (Chinese edition), April 1993, 3(2):
9092, ISSN 1004—0609.

83—-0002 Computer Controlled Ultrasonic Concen-
tration Mecter of Liquid Ammonia. The computer

controlled nltrasonic concentration meter for ammonia

ey

liquid consists of a personal computer, I/ O interface,
high speed time counter, spike pulse generater,
ultrasonic wave gencrater, reeciver amplifier, time de-
layer, gatc trigger, voltage converter, order converter,
thermomctric circumit, AD converter, non- intrusive
ultrasonic transducer and platinum resistor. According
to the rclationship between ultrasonic velocity, ammo-
nia liquid concentration and temperature, the meter
rcalizcd the on-linc concentration mcasurcment of
ammonia liquid. 4 graphs, 1 tablc, 4 rcfs.

Kcy words: ultrasonic wave, velocity, ammonia
liquid, concentration on-linc mcasurcment

Wang, Yinguan; Shao, Lianhua; Tian, Chong, (Institute of
Acoustics, Tongji University, Shanghai 200092, China) Wang,
Zhenghua; Chang, Bo; Xing, Xian (Shanghai Yue Long NFM
Lid., Co., Shanghai 200949, China) Trans NFsoc (Chincse eds
tion), April 1993, 3(2): 83—86. 1SSN 1004—0609.
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(Continued from page Ne91)
calculation of a branch nctwork, the solution of
balance cquation makes F,+(1+¢) E, minimum;
(3) I the branch nctwork cquation has any
solution, the solution must be uniguc, In this
paper, we also convert the branch network (5) into
an cquivalent nonlincar programming problem
expressed by equation (7). A gradient method can
be used to solve this problem.If the balance cqua-
ton ol branch nctwork (23) is turncd into the
cquivalent optimized problem without any co-
ntro!, we can usc the Newton-Raphson method to
obtain a solution. Whether we can usc other me-
thods 1o obtain a solution for the uncontrolled,

optimized problem in order 1o simplily the discus
sion will require [urther analysis.
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