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Original Research Article

Statistical Modeling of Head Loss through Duct
Fittings in Conditioned Air Distribution
Systems

ABSTRACT

Fractions of the total head loss which constitute the loss through duct fittings, obtained in an
earlier study, for varying numbers of supply outlets and lengths of index duct run were used
in a regression analysis to obtain second order equations which gave a general increase of
the fraction from 0.598 to 0.1713 for an increase in number of outlets from 3 to 19 and for a
corresponding increase of 11.2m to 43.2m in index duct length. The correlation coefficient
between the fraction of loss through duct fittings and the each of the variables of number of
supply outlets and length of index duct run was 0.823, which was found to be acceptable for
a 95% confidence level. The ratios are useful for quick estimate of total pressure losses in
conditioned air distribution systems which are needed in determining the fan pressure
requirements.

Keywords: Loss ratio, duct fittings, air distribution, regression analysis

1. INTRODUCTION

The determination of the total pressure loss is an | mportant exercise in system design as
the air conditioning fan selection is facilitated thereby; this total pressure loss being the sum
of the frictional loss and the loss through duct fittings such as elbow, tees, tap-ins, and
reducers.

In an earlier study, the variation of the percentage of the total head loss which is due to duct
fittings with varying number of air supply outlets and length of index run of ductwork was
studied for a typical air distribution system [1]. In that study, equal air quantities are
distribution to 19 rooms of a hotel building through wall-mounted outlets (Fig. 1). Fig. 2
shows an isometric sketch of the duct system of Fig. 1. In order to obtain variations of
number of supply outlets and length of index run of ductwork, the index run ABC - - - -L is
analyzed in the independent successive runs ABC, ABCD, ABCDE, and so on. The
isometric sketches of these successive runs are shown in Figs. 3 to 10; in addition to Fig. 2.
In Figs. 2 to 10 the duct sections in the index runs are labeled using boxes which touch the
sections. In each box, the number on the left is the duct section number, that on the top right
is the length of the section (in m) while the number on the bottom right is the air quantity (in
m?/s) flowing through the duct section.

Utilizing standard system parameters for these duct runs and using commonly applied
methods, the total frictional head loss and the loss through fittings were computed for each
of the duct systems of Fig. 2 to 10. Second order variations of the fraction of pressure loss
due to fittings with varying numbers of supply outlets and lengths of index duct run were
observed within the limits of duct parameters utilized in the study.



UNDER PEER REVIEW

38
39
40
41
42

43

44
45

46

47
48
49
50
51
52

53

54
55
56
57

58

59

60
61
62
63
64
65
66
67

68

69
70
71
72
73
74
75
76
77
78
79
80

81

In this paper, regression model equations are derived to describe the variations obtained in
the earlier study. The equations are useful for quick estimate of pressure losses in air
distribution systems, needed in determining the fan pressure requirements.

2. ESTIMATION OF PRESSURE LOSS COMPONENTS

For a composite index duct run, the head loss due to friction (based on the D’Arcy-Weisbach
formula) was applied as [2]

n 2
R i = 0.33042]%5% —————— ™

i=1 i

where i denotes the i*" duct section, n is the number of sections in the composite run and

friction

f = duct section friction factor

l = duct section length in m

q = air flow rate through the duct section in m%s

d = diameter of the duct section
fis a function of the flow Reynolds number given as

Re = % —————— )
where p = air density (taken as 1.204kg/m3)

v = flow velocity in m/s

u = air dynamic viscosity (taken as 1.8 x10'5kg/ms)
Putting values of p and u in Egn. 2 and noting that

v = =L, yields

Re =8515x10* 2 - )
Furthermore, the Nikuradse equation [3]

f = 0.0008 +0.0053 Re~*x7 - — —— — — 4

was utilized in estimating f.

Thus, with knowledge of g from the supply air requirements, d from the ‘equal friction’
method of duct sizing [4,5] and [ from length measurements, the friction head loss was
obtained.

For a given composite duct run the head loss through fittings is given as [2]

L -4
o = 008256 k,g,d,™ - ———— = (5)
j=1
where j denotes the jth duct fitting, m is the number of fittings in the duct run and k is the
head loss coefficient of the particular type of fittings obtained from the literature [6,7,8].

fittings

Tables 1 and 2, respectively, show the results of the calculation of the head loss
components for the shortest and longest index runs (shown in the isometric sketches of Figs.
3 and 2, respectively). The summary of the head loss estimates for all the index run
configurations of Figs. 2 to 10 is given in Table 3.

Furthermore, the ‘Excel’ plots of Figs. 11 and 12 give the variation of the fraction of head
loss due to duct fittings with varying numbers of air supply outlets and lengths of index duct
run.
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3. REGRESSION ANALYSIS

In the analysis, the ratio of loss through fittings to total loss (denoted as y), is regressed on
the measures of complexity of ductwork, namely number of air supply outlets (denoted as x;)
and length of index duct run (denoted as x,). As earlier mentioned, the ‘Excel’ plots of Figs.
11 and 12 show second order variations of y with x; and x,, namely

Yy = Qot+adix+a x2 —————— (6)

Then, the regression parameters a,, a; and a, should be obtained for each of the variables
X1 and X, by the solution of the simultaneous equations [9]

>y = N3ap+a;yx+ap x?
Sxy = @ Sx+aidxi+adx  /— === (7)
Zyx2 = Q sz + aq sz + a Zx4

where n is the number of data points, in this case, equal to 9.

Table 4 summarizes the computations of the variables and terms which appear in Egn. 7.
Substitution of the variables in Egn. 7 and simultaneous solution yields the respective
relationships between y and the variables x; and x, as

y =0.5893 + 2.167 x 10° x+ 2.273x 10* ;2 — — - — — — (8)

and y =0.5852+4.923x10*x,+5.682x10°x,° 0 0o— —— — —— 9)

For instance, to obtain Eqn. 8, substitution of values from Table 4 into Egns. 7 is done to
yield the simultaneous equations

5.82 =939 + 99a; + 1329a, - - -(a)
65.74 =99a; + 1329a; + 19899a, - - -(b)
898.38 =1329a, + 19899a; + 317337a, - - -(c)

Solving for ao, a; and a, gives ao = 0.5893, a; = 2.167 x 10° and a, = 2.273 x 10 to yield
Eqgn. 8.

Now, the coefficient of correlation is given as [9]

<
Il

1- (Sy—-")z —————— (10)

Sy

where s, , =

= standard error of estimate, y; being the actual values of y obtained from
the results of section 2 above, y;. being the values of y computed from
the regression equation (Egns. 8 and 9) and n the number of points
(equal to 9).
n-3 is the number of degrees of freedom, as the number of regression parameters to be
estimated in Eqn. 6 is three: ao, a; and a..
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= sample standard deviation of y, ; being the mean of y;

The calculation of the coefficient of correlation r for x4, which is facilitated by Table 5, is
illustrated as follows:
The regression equation is

YVie =0.5893 +2.167 x10°% x; + 2273 x 10* x# - — - — — — (13)

where y;. is the calculated i*" value of y and x;is the i*" value of x. In Table 5 y; is the actual

value of y obtained from the analysis of losses of pressure head, and y is the mean of
these y values.

Then sy = [ - 0.02590 from Eqn. 11
s, = ROV 0,04555 from Eqn. 12
8

0.02590
0.04555

2
and coefficient of correlationr = |1 — ( ) =0.823
Similarly, the coefficient of correlation for x, is obtained as 0.823.
From statistical data, the coefficient of 0.823 corresponds to a 95% confidence interval value
of 0.760 <r < 0.886 [10].

4. DISCUSSION OF RESULTS

There is thus 95% confidence that the variation of the fraction of head loss through fittings is
dependent, in turn, on variations of number of conditioned air distribution outlets and length
of index run of ductwork. It also follows that estimates of the fraction can be made using the
derived regression equations.

The fractions of loss through fittings calculated from the regression equations show second
order increases from 0.598 to 0.713 for an increase in number of outlets from 3 to 19 and for
a corresponding increase of 11.2m to 43.2m in index duct length.

5. CONCLUSION

Regression analyses have been done to model the head loss fraction due to duct fittings for
index duct runs in a set of conditioned air distribution systems. Such derived regression
equations are useful in system head loss estimates. For instance, for a given number of
outlets and length of duct run, the total head loss can quickly be estimated by adding the
relevant fraction to the frictional loss; thus facilitating the air conditioning fan selection
process. Furthermore, similar analyses can be done for more extension duct systems to
obtain relevant regression model equations for wider applications.
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Table 3: Summary of Head Loss Estimates

No. of Air Length of Index | Frictional Head | Head Loss Due Total Head Fraction of
Conditioned Duct Run (m) Loss (m) to Fittings (m) Loss (Static Loss Due to
Rooms or Pressure) (m) Fittings

Supply Outlets
3 11.2 3.086Q° 4.572Q° 7.658Q° 0.60
5 15.2 1.314Q° 1.804Q° 3.118Q° 0.58
7 19.2 0.826Q° 1.379Q° 2.205Q° 0.63
9 23.2 0.369Q° 0.729Q° 1.098Q° 0.66
11 27.2 0.273Q° 0.464Q° 0.737Q° 0.63
13 31.2 0.218Q° 0.416Q° 0.634Q° 0.66
15 35.2 0.186Q° 0.361Q° 0.547Q° 0.66
17 39.2 0.151Q° 0.291Q° 0.442Q° 0.66
19 43.2 0.118Q° 0.329Q° 0.447Q° 0.74




UNDER PEER REVIEW

9/¢

g/lc
V.S
€lc
c¢lc
LS
0/¢c
69¢
89¢
19¢
99¢
G9¢
¥9¢
€9¢
29¢
L9¢
09¢
692
892
0GET'S6689¢6 | CEB'8VV6SE | 8V8E'8TIS | 9S°81I9L | PPL 191 LEELTE | 66861 8¢°868 6GET | PL'S9 G8'S =X 8Tre=X 66=%
08€L 1S863T¢ 89G°1¢908 | 9LTO'I8ET 729981 896°1¢ 1260€T 6589 19¢ | 90°V1 vL0 0LV 0 2062£°0 z0811°0 fas % 61
0067°¢9¢19¢¢ 88¢'9¢¢09 | ¥E8TVI0T 79°9¢ST GL8'SC 12S€8 ¢16v 68¢ | ¢C'I1 99°0 02FF"0 01620 z0T1ST°0 c'6¢ LT
0GGT1'0GesesST 80T T19¢V TO9L'L18 | ¥0°6ECI GEC'EC §e90¢ GLES 0S°8V1 GGG 066 99°0 0OLFS 0 z019¢°0 z0981°0 'S¢ ST
9EET C8SLT6 8CE'1LEOE YOLV'CT9 TreLe ¢6S°0¢ 1968¢ L61¢ PSIT1 691 868 99°0 0%€9°0 091%°0 081270 ¢'le ¢l
9GGC C9ETTS 8¥9°¢¢10¢ ¢660'997% 78'6¢L 9¢T'LT I7ov1 T€€¢T €G9L 1GT €69 €9°0 0LELO 0%9%°0 0€LT 0 ¢'LG 1T
9L6¢'¢0L68¢C 891°L8VCI T8EC GSE Ve 8¢S ¢le'ST 1959 6GL 9T €S 18 76'S 99°0 z0860°T z062L°0 z069¢°0 ¢'¢C 6
9671'S68SET 888°LLOL f4S Zara e 79°89¢ 960°C1 107¢ eve L80¢ 6¥ i €9°0 z0602°2 206L€°0 z0928°0 col L
9I8T°6LEES 808'TIS¢E ce00'veET T0°1€¢C 918'8 S2e9 scl 0SVI 14 06°C 8S°0 081T°¢ 01081 OF1ET ¢'ST S
9€61°GELST 826’70V 1 0¥9¢°SL v eel 0cL'9 18 LG (U 6 081 09°0 z0859°L z0TLS T z0980°¢ ¢'11 ¢
(ur) s1p0Q
ssor| sSumt | () A1ddng
oX X &xL 2&x xA pIx o IX JIxL X IxA 107, () 01 () unyy 19n( 10 SWO00Y]
sSunarg SSOT PBOF] | on(f ssoT | sso peof[ xopuy pouonipuon)
Iyl ssorp e, pPeotr [euonoLL, | jo qaSuo| Iy jo "oN
£ X x
- - /G2
X pue 'X 10} Swi9] pue sa|qelieA [ediisilels Jo uoneidwo?) 1y s|jqeL 962
gqc
<S¢
€4¢




UNDER PEER REVIEW

277
278
279
280
281
282
283
284
285

286
287

288
289
290
291
292
293
294
295
296
297

298

Correlation Coefficient for x,

Table 5: Values for Calculating

i Xi Yi Yi—y (yi—y)°x 10" Yic Yi —Yic (i — vi)° x 10

1 3 0.60 0.047 22.09 0.598 0.002 0.04

2 5 0.58 0.067 44.89 0.606 0.026 6.76

3 7 0.63 0.017 2.89 0.616 0.014 1.96

4 9 0.66 0.013 1.69 0.627 0.033 10.89

5 11 0.63 0.017 2.89 0.641 0.011 1.21

6 13 0.66 0.013 1.69 0.656 0.004 0.16

7 15 0.66 0.013 1.69 0.673 0.013 1.69

8 17 0.66 0.013 1.69 0.692 0.032 10.24

9 19 0.74 0.093 86.49 0.713 0.027 7.29
Y = 5.82 S =166.01 S = 40.04
7 = 0.647




UNDER PEER REVIEW

YLOMIOND UONNQLIISIP A1D fO UD]J [ 24n81.]

I I

€0¢€

[ |
.

il

T

%]

L

1au8)

PPN} TEe)
|

w—dw |

LI

m sy |
m : e

il

c0¢
10€
Iy
rJ
firy
_
|
|« _nn:u:ﬂ
— 1
g 1 LT
f | ==
]
i
i
|
00¢
662



UNDER PEER REVIEW

ST ¢ AW Y SONGOPT 7R AR fO YF2YG APS] P 2T A

/nu._-
L]

Go¢g
¥0€

ST G T S J MR e Kpddng .7 27810

e

L] L |

Pl =%
Eﬂ

L= 2

R

aai
EMYPTS



UNDER PEER REVIEW

s1appno gy dof yaomponp 41v Kjddng : g 24ngi,q

._ ENEITA
SNk

s1a11mo /

(REFA WEA

aa1 e

L0f Y40 MpONp 41D

{)ddng : ¢ 24n 81

{3813 wo

L0€
90€



UNDER PEER REVIEW

- Apddng g

UuSE

[T =y

s1a11no 4 [ 40f yaomponp 110 §ddng (0] 24n81q

0lLe

60€
80€

L-H.\jﬂi/

PR
25 -
=T T {38300 Wel
— 1 ]
W00 E ﬂﬂ
o 21 oell &
*
=T _
LRI = a3 =
61 =1l =31
= 3
LLgns "
A, [0 s1opno ¢ aof yiompnp a1p Kjddng :6 24n 81
MBS =]
- -
. Fi
HULSE
> ..—_. SETE D a0 s
T m 3 e
T, L] L0 (LE13N0 MT A
= WS £ .
= E=dL
NS 6] &l
| 2 e L0 _
u Fan ST
HHnoE = SR T4 <
PN [T
L i g
_ | e
s Apddag Sy
[ Lt =1 £ 10
il rFr_m
wGE =0l
[ g} 0

| 3



UNDER PEER

311

312
313

314
315

316

317
318

319
320
321
322
323
324
325
326
327

REVIEW

Fractdion of Head Loss
Due to Fittings

Fractdion of Head Loss
Due to Fittings

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0 3 6 9 12 15 18 21
Number of Air Conditioned Rooms (or Supply Outlets)

Fig. 11: Graph of Fraction of Head Loss Due to Fittings Versus Number of Conditioned Rooms
(or Supply Outlets )

0 4 8 12 16 20 24 28 32 36 40 44
Total Length of Index Duct Run (m)

Fig. 12: Graph of Fraction of Head Loss Due to Fittings Versus Length of Index Run



