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A Study on the Duct Design of HVAC System
Using the Equal Friction Method and the T-method
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Abstract

Optimal duct design of a HVAC system requires analysis technology to accurately
evaluate its pressure losses, flow rate and velocity for making a compromised design
among fan capacity and duct size affecting initial manufacturing and operation costs, and
noise induced by the HVAC system.

In this paper, we carry out initial duct design using the eqgual friction method. Using the
result, the T-method is applied for accurate analysis of flow rate. Then, the duct size is
modified using the difference between the required and the calculated flow rate, which can
guarantee required flow rate, reduce the pressure unbalance among duct paths and lead to
select optimal fan performance. To verify the validity and effectiveness of the proposed
design method, an example for HVAC system design including noise analysis is
demonstrated.

% Keywords: HVAC(2Z AlAE), Duct design(Bi& &3H), Equal friction method(S&#),

T-method(T-2&), Pressure loss(2&&4l), Noise(£AS)
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Fig. 4 Expansion procedure in parallel duct
system
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Table 1 Total pressure loss by sections
ASHRAE l Numerical Lsn.—m

Duct | Airflow Duct Size Example Calculation
Section | /s | (Equivalent Round) [Frictionl Ftine] npy, Fiction Ftine| apr | (/")
1 700 300mm & 16 | 19 (36|16 |19 (3] 0
2 250 200mm & O |-13[57 |70 |-13[57( O
k] 930 300mm ¢ 38 | 65 [103] 37 | 73 [1l0f -7
4 930 | 600mmx600mmiG56) | 0 | 29 |20 0 | 30 | 30 1
5 930 230mm & 35 | 68 |103| 34 | 58 |92 | 11
6 1900 450mm ¢ 27 | 75 [102] 27 | 74 [lol| 1
7 275 | 2s0mmx20mm(zi3) | 4 |28 [32] 4 |28 [32] 0
8 275 | 250mmx250mm(278) | 1 | 40 [41| 1 |40 [41| 0O
9 | 550 | 500mmx20mm(33D) [ 5 | 20 [25] 5 [20[25] o

48 |63 15 | 49 |64 | -1

o |

10 350 | 400mm % 250mm(343)
11 475 | 290mmx250mm(273) | 8§ | 59 |67 | & | 58 |66 | 1
12 475 | 250mmx250mm(273) | 17 | 50 | 67 | 18 | 50 | 68 | -1
13 950 | 350mmx250mm(322) | 45 | 12 |57 [ 45 |12 | 57| O
14 1300 | 660mmx20mmi435) | 10 | 7 (1711 | 6 |17 ) O
15 200 A0mmx 10mmi159) | 39 | 15 (b4 | 41 | 16 [ 66| -2
16 200 | 0mmx150mml139) | 20 | 4T |67 | 20 | 47 |67 | O
17 400 | 250mmx130mm210) | 29 | 50 | 79 | 30 | 50 | 80 1
18 1900 | 800mmx230mm(470) | 16 | 168 |174| 17 | 168 (176 -2
19 1900 | $00mmx450mmiB4®) | 2 | @5 |97 | 2 | 94 | 96| 1

Total Pressure Loss 679 Pa 687 Pa -8

TOTAL PRESSURE, Pa

Unbalance pressure difference

:7268 -@&® 22Pa -G &G 45Pa
-300 | «@D&® 9Pa -@W&® SPa
-D&@ 2Pa -B&® 11Pa

—400

Fig. 9 Total pressure grade line for the
initially designed duct systems
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Table 2 Modified duct system by T-method

Duct | Modified Duct Size | Velocity |Pressure Loss
Sec. {mm (m/s) (Fa)
1 280 O 11.4 15.2
210 © T.a 45.2
3 315 @ 12.2 85.8
4 00600 2.7 30.9
5 380 @ 8.4 103.1
5] 450 @ 12.0 108.0
T 250225 4.9 40.5
8 250250 4.4 40.5
9 500250 4.4 25.0
10 400250 5.5 G0.1
11 250250 7.8 66.8
12 250250 75 66.5
13 350X250 10.8 55.8
14 GBEO =275 8.3 13.2
15 200150 6.6 BE.2
16 200175 6.0 56.6
17 250150 10.9 2.4
18 B00X250 9.5 177.1
19 00 =450 =) a5
Balanced Total Pressure Loss 647 Pa
Flow rate analysis 550
Required flow rate 275 550
Calculated flow rate 276 9
) 0 o
Unit : L/s : '
ool me

700 950 1900 | Fan operating point | S
700 950 1905 Q,:195Ls 209
PP 6TPa 499
Fig. 11 Comparison of flow rate obtained by
ASHRAE example and T-method after modifying

duct sizes

300 P,= 648 Pa .

TOTAL PRESSURE, Pa

-31 | ATMOSPHERIC PRESSURE
-100 | 18 O

200 | .
236

-300
Fig. 12 Total pressure grade line for the
modified duct system
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