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AMCA 210

Outlet (Fig.12) & Inlet (Fig.15)
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AMCA 210

Chamber area —

Tested fan area

Outlet Chambers

An outlet chamber (figure 12) shall have a
cross-sectional area at least nine times the area
of the fan outlet or outlet duct for fans with axis of
rotation perpendicular to the discharge flow and a
cross-sectional area at least sixteen times the
area of the fan outlet or outlet duct for fans with
axis of rotation parallel to the discharge flow.

Inlet Chambers

Inlet chambers (Figure 15) shall have a
Cross- sectional area at least five times the fan
inlet area.

From AMCA 210-99 pagel0
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AMCA 210

different chamber shapes

A chamber may have a circular or
rectangular cross-sectional shape.

The dimension M in the test setup
diagram is the inside diameter of a
circular chamber or the equivalent
diameter of dimensions a and b
where

M= |2

T

From AMCA 210-99 Pagel0
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AMCA 210

-------

settling means

PL.T& II=’L.E
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Toen B : Downstream
E : ! 111 N\, settling means
Vi 131
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: Ahl——“A" Exhaust system
AP
Upstream

Any combinations of screens or
perforated plates that will meet
these requirements may be used,
but in general a reasonable
chamber length for the settling
means is necessary to meet both
requirements.

Screens of square mesh round
wire with open areas of 50% to
60% are suggested and several
will usually be needed to meet the
above performance specifications.

A performance check will be
necessary to verify the flow settling
means are providing proper flow
patterns.

From AMCA 210-99 !o n Gwi n
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PL.7

FL.8

T et et

Upstream
seftling means

Downstream
settling means

]
;

Exhaust system

Upstream Settling Means

Where a measuring plane is located
upstream of the settling means, the
purpose of the settling screen is to
absorb the kinetic energy of the
upstream jet. and allow its normal
expansion as if in an unconfined space.

From AMCA 210-99
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Downstream Settling Means

Flow settling means shall be installed in
chambers where indicated on the test
setup figures to provide proper airflow
patterns.

Where a measuring plane is located
downstream of the settling means, the
settling means is provided to ensure a
substantially uniform airflow ahead of the
measuring plane.

In this case, the maximum local velocity
at a distance 0.1 M downstream of the
screen shall not exceed the average
velocity by more than 25% unless the
maximum local velocity is less than

2 m/s (400 fpm).

From AMCA 210-99
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AMCA 210

FAIRING RADIUS
ABOUT 008 D
IF NECESSARY

183

Notes

1.

Nozzle throat dimension L shall be either
0.6D+0.005D (recommended) or 0.5D+0.005D.

Nozzle shall have elliptical section as shown.
Two and three radii approximations to the
elliptical form that do not differ at any point in the
normal direction more than 1.5% D from the
elliptical form may be used. The outlet edge of
the nozzle shall be square, sharp, and free from
burrs, nicks or roundings.

The nozzle throat shall be measured (to an
accuracy of 0.001 D) at the minor axis of the
ellipse and the nozzle exit. At each place, four
diameters—approximately 45° apart must be
within £0.002 D of the mean. At the entrance to
the throat the mean may be 0.002 D greater, but
no less than the mean at the nozzle exit.
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AMCA 210

&

&

3 DITIEI

&

6.3.4 Multiple Nozzles.

Multiple nozzles shall be located as symmetrically as
possible.The centerline of each nozzle shall be at least
1.5 nozzle throat diameters from the chamber wall.

The minimum distance between centers of any two
nozzles in simultaneous use shall be three times the
throat diameter of the larger nozzle.

The uncertainty of the airflow rate measurement can be
reduced by changing to a smaller nozzle or combination
of nozzles for the lower airflow rate range of the fan.

From AMCA210-99
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Bernoulli’'s equation

1 1 ,
P1‘|‘2 p- Vi —P2+2 p- Vs Qreal CdXV X A

2x(P,-PR,)
>>S — 1 2
Vo>>V, v, \/ 0 Cd:discharge coefficient
A: nozzle throttle area
P, ‘ P, e
N A1
" %"évz <:> Ac
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How to get the Cd ?
Nozzle Cd 7[}06 1346
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From AMCA 210 Standard
7.006 ) 134.6

Cd =0.9986 -

Re >12000

!

24k

JRe

09 r
094 r

092 r

0.90

Re

for

L=0.6
D

LE+HR2

1L.E+(03

1LE+4

LE+05

Re
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Cd calculation formula

7.006 N 134.6 L

—0.9986 — for—=0.6
Re>12000 JRe Re D
Cd modify equation :
Cd Re<12000 =0.999976 — 5.922844 forL =0.6
JRe D

Ref.
Journal: Flow Measurement and Instrument
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Measuring the Pressure Difference
Across the Nozzle(AP56) to Calculate the Air Flow Rate.

Fig.8~12 14 15 Structure.

QN = Cd x Un x An single nozzle
QT == ON multi-nozzle

Cd : Discharge Coefficient.

Un : Velocity at Nozzle Throttle.
An : Nozzle Throttle Cross-section.
QN : Single Nozzle Air Flow Rate
QT : Multi Nozzle Air Flow Rate.

I I N T E N T T EEE e e e

(PR PR PR A P P PN VAN P AN PN B PR PR B
H EETFN EE"TTETEEEE"ETN PN E'ET

L

|

AP Across the Nozzle Ji n
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Air Flow Rate & Pressure Measurement Apparaius

Controd Maoce

(Pushy DMAOFF S5A
O 9
,

o0 6

Ps2 Select RPM Mode

Exhoust | Supply

Ps2i | Pezz | Fo | opic

0

The quality of our thermometer, pressure, electrical meter (voltage,
current, fan speed) will be approved by a third party (SGS).

Flow Rate Range: 2.9 ~ 800 CFM
Psl 0-12.70 mmAq

Based on AMCA 210-07 Standard

Flow Pate Contral Teat Fan Amp { Velt
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PL7 FI...? !;1...5
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Standard flow source tﬁ ﬁ’ ﬂ' “=~ Auxiliary blower
i i Ps AP
Adjust auxiliary blower, let Ps7=0 Flow measurement Qm
) Qs - Om
Relative error = ———
Qm

Wind tunnel calibration Scheme
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Original flow impedance

Long Win provides the orifice
plate to create original flow

Impedance curve.
/onGwin
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Traceability

Long Win provides the orifice plate to measure flow impedance curve for tracing.

4

- - .
#_,-' Flow impedance tracing
¢ Deviation under __ % INFS

JonGwin
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AMCA 210

PQ
STP

- Cpk

Fig.12 & Fig.15

(SRC)
= (RQ)

(Operation Point)
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AMCA 210 Eig.12 & EIg.15

2in1
Combine AMCA 210-99
Fig.12 & Fig.15 Two Structures
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Auto Change Nozzles

Auto Switching Ps
( Ps1,Ps2,Ps3 auto switching)

Smart fan PQ measurment

JonGwin
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LW-Series Air Flow Rate & Pressure Measurement Apparatus

Meeting AMCA 210-99 Standard
Including Fig.12 & Fig.15 Structure
design & manufacturer : Long Win Science & Technology Corporation

Auxiliary Blower
Suction Flow

Web site : http://www.longwin.com

Specimen

fan & fan tray
performance test

Tel : 886-3-464-3221
Fax : 886-3-496-1307

Fig.12 Structure

Specimen

fan & fan tray
performance test

system or module
impedance,
operation air flow rate

standard air flow rate
for system testing

Features

- fan performance,
PQ curve,blade design,
electric function

- system & module
impedance

- offer operation air flow
rate
set up T-Q / R-Q chart

34

Re =f (D,U,u,p)

i nozzle system or module
<= <= - <= <= impedance,
L | N ) operation air flow rate
0 r | Di standard air flow rate
EL.8 L6 L5 L7 for system testing
1l ‘ * Auxiliary Blower
_ ‘ Blow Down Flow
Fig.15 Structure
Measurement Item  Air Flow Rate Calculation RQ Chart PQ Chart
air flow rate : series Q=Cd-2A-U Sl
2.4 ~ 3000 CFM Q : air flow rate
2A : nozzle area Ry = 3 —
accuracy Cd : discharge coefficient E : g o o
1 ~3.5% INFS S EH EH B L S
1/2pU AP = Psg P 560 £
full scale of 3 é
indicated nozzle Pair =1 (1d,TW,Tc,Pp )
Cd = f (Re) v
I,V, rpm of Fan —

M Mutigle Plot QICR)
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11 — 11 1l S
= m 0 = = ©u
PL.8 2:* PL.6 ’ PL.5 £:-
= . ==
- -
[ . t i
i Y/ — =t
Variable S W ) o ‘ = = a Ay
Exhaust A = = 2 Fan Blow In
System £z . e Fig.12
Fig.15 Inlet Chamber Fig.12 Outlet Chamber

D. Fan Performance Curve - FPC

E. System Resistance Curve - SRC ' B. System Resistance Curve - SRC '
F. Airflow / Thermal Resistance - TRC '

C. Airflow / Thermal Resistance - TRC '
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PQ curve

© The fan performance curve with
pressure (P) and airflow rate (Q).

120

100

Ps (mmAq)

36

+PQ
®RPM-Q

10

20 30

Q(CFM)

12000

10000

g
N (RPM)

SRC curve

© Applicable to system resistance
measurement for PC, Notebook,
and server.

Y
Y]

-
-] o

Pressure (mmAgq)

4 X
z I e
0 --‘"”‘/'
0 2 4 (5] 8 10 12
Airflow rate (CFM)

RQ curve

© To analyze thermal resistance (R)
and the correlation of P and Q.
A thermal wind tunnel or standard

TTP can be cooperated.

0.3

g 0.2 M\r-...__‘
O

3. A

/ b= RaefC/Wel-Qa(CFM)
./‘ ~o=PdmmAg)-Qa(CFM)
0 | i
0 50 100 150
Qa(CFM)
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Test Condition @ 1760 RPM

Ps Q Pste Qste ggfeaerg Torque F’S;\;icfetr EﬁiZ:ncy Eﬁigetncy

Pa CMH Pa CMH RPM N-m Watt % %
1144.3 0 1238.8 0 1762 32.4 5978.3 0.0 0.0
1029.4 2344 1112.5 2344 1763 299 5520.2 12.1 12.2
926.4 4715 9955 4715 1760 24D 5142.2 23.6 23.7
844.0 6718 904.8 6718 1760 25.9 4884.1 322 32.6
667.3 9322 T34 9322 1762 23.5 4336.1 2.9 41.1
D421 11337 556.8 11597 1761 20.5 3780.4 43.6 46.1
410.2 1991 437.0 13591 1760 204 57999 41.2 45.6
320.9 15847 341.8 15847 1761 12.¢ 36329 38.9 46.1
Wi 18215 186.8 18215 1762 18.0 3521.3 26.8 389

-2.0 20609 2.1 20609 1760 15.8 2912.0 -0.4 185

JonGwin
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_STP (Pa)

Static Pressure P STP
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=
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| | 35
=®=P Q@1760RPM

30

=@=Torque@1760RPM

R

15

10

th

0

5000

10000
Air Flow Rate Q_STP (CMH)

15000 20000 25000

Torque(N-m)
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Static Pressure P_str (MMAQ)
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Constant Yolt

F

Constant FFM

Cpk

Cperation Foint Check
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Constant voltage

© Apply certain DC or AC power
to specimen.

5

25000

S

S

i

N | ol

Pressure (mmaAq)

=
=]

S

7

[=]

=]

Airflow rate (CFM)
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Constant RPM

© RPM can be controlled by DC
voltage or PWM.

60

7000
DR W e

+ 6000

50
= 5000
40 -
+ 4000
E\\

: §\ o

1000

n NN

5 10 15 20 25
Airflow rate (CFM)
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PWM mode

© Adjusting frequency and duty cycle
under a constant DC voltage.

60 | | i |
\ —e—Freq. 300 Hz; Duty 50%
50 —o—Freq. 200 Hz; Duty 50% | —
e~ \ ~o—Freq. 100 Hz; Duty 50%
< 4, \
E
E
o 30 oy
35
ﬂ 20 \ \l
[ N
o .
10 \ "'*.\
0 ~9 \
0 20 40 60 80 100 120
Airflow rate (CFM)
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Cpk mode

© A statistical method to analyze the mass production performance

Exgincering Specifirntion ;
4 B C B
prodoet e 53 090E| 32T Io4BC0 o.l14
+ Tolsrene{ CAZ445| OCHOIS ZiFdze| CL710D
- Tolerenc{ © 32445 | nrents 23fase| r1mms
naL. SO | TR Gl | T AT
LSL | coliil| Gc0es ooedde| 000
A E C ]

X bar | WP.BLE| SEY uedvly| U114
Sipma | LOLES| ULLUH L BBEEh| L I5AH
Median | 23065 27 2Eas| 0.4z
Mode EJOEY N SE45 0145
Wax | Gt AE" TR wRER| N4
Min | saoie| 269 scad §
1 Sigme | ZiA0Gz| 27ene7 265507 L7104
TCL 2 Sigma| Si7LAC| 27601, 26670 C.220EE
dfigna | F Bigme | wLEn| @ gdih U6ULLG| LA/
1 Fygma | LUSEL| WUV DRIWLH| L ISG1E
LiL T Sigme | coASd3| 268675 264lC| 0000
supwm |3 Sigme| 21516 zeee4 2ezaca| -0ome
CF | r 9| noaw neeerl | T e
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80 CFI | CZ0%el| D056, Jieyil| Co0sel
£.CP | Co05el| 05056 094541 C.I0561
Ca THE 1t U ULaH| EIE
Ck | Coeser| ocssen 0oMs41] Coasal
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&
G
a
2
a

while doing quality assurance.

2277

2k
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Flow rate (CFM)
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Pressure (mmAgq)
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001z 00F 006l ODES 0L 0435 009
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Operation Point (OP) check

© Providing a required flow rate (Q):
Static pressure (Ps) > OP : The fan is OK.
(OP-Uncertainty) < Ps : The fan is NG.

14

—y sy
=1 M

. i
™ /
\' Operation Point

o

=]
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Pressure (mmAq)

ha

=]
L
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n

10 15 20

. Airflow rate (CFM) O n GWi n
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Pressure (mmAg)
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Airflow rate (CFM)
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FAN

Free Inlet,
Free Outlet

49

Type B

Free Inlet,
Ducted Outlet

FAN

- —
il [

Type C

Ducted Inlet,
Free Outlet

Tl L

VARIABLE
EXHAUST
SYSTEM

Type D

Ducted Inlet,
Ducted Outlet
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Static Pressure (mmAq)
- Lad i % (@) ~J
w o wu o
-] o o = -

O
-
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\
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Y —— P-Q A type
\ —-—P-Q B type
-=—P-Q C trpe
5.7
\%
N
0 15 30 45 60 13 90 105
CFM, .
o ;ronGwin
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Ps (mmAq)

51

Fig.12/15 8038 DC12V with Different Type

R i R N o
Nl

N |

"0—-3%
‘Qﬁ Type B
Figls Type C

NG

10 20 30 40 50 060 70 80 90 100
Q (CFM)

7000

6000

5000

4000

3000

2000

1000

Al
A

Test Fan Speed (RPM

——Fig12-PQowith duct
—&— Fig15-PQ-with duct

8 Fig12-RPM-with duct
—&— Fig15-RPM-with duct
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,..-i-q*.___

40 50 60
Q (CFM)

7000

6000

5000

4000

3000

2000

1000

AMCA Wind Tunnel

LW9185

—4—Fiz] 2-PC-wathout duct
—sk—Figl 5-PC-wnthout duct
——Fizl 2-FPM-wathout dug
——Figl 5-FPM-wathout dug

Test Fan Speed (EPM)

JonGwin
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‘\

— STP

Parameter 1 : Test Condition

Test Condition

Td Tw ERH I5 TI7 T3 Ph Pmax Qmax Not
T T % T C C mmHg | mmhy | CFM ote
Dow-Bulh | Wet-BEulb Eelative Plane 5 Plane 7 Plane 8 | Barometrc
Temperatore | Temperatore | Homadity | Temperatore | Temperator | Temperatore | Pressure
21.5 | 90.00 ‘?
Test
203 183 g2.5 201 202 201 745 5 207 a4 11 Condition
200 140 500 200 200 200 ?600 21.2 g1 .99 STP
|. Temperature (Td) variation from 5 to 30 °C Deviation| 0 27}
2. Barometric (Ph) vanation from 0,95 to 1,05 atm Deviation | [{) (1%
3. Both Temperature & Barometric vanation Deviation | 2{}, | %

Axial FAN 8038 AMCA 210 Fig.12 Setup,
Installation Type B, Constant Voltage DC 12V

( Standard Temperature and Pressure)

JonGwin
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—STP

Method of Test Condition to STP Condition.

Assume Fan constant RPM, Nc =N  at Different Condition

Q.= Ne] Lo
c N K Q./ Py :Nominal Values
pc
K 2 :
K P ocl Compressibility factor ratio
P =P —P pe
sC tc vC

2 2
= t( I\I\I|Cj (,OC J[:p j_ PV( I\I\I|Cj (pCJ From AMCA 210-99 Eq. 8.59~8.62
P N\ Ky P

JonGwin
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Ps dPsg Q Pstp Qosrp
mmAq  InAq mmAq CMM CFM mmA(Q CFM

294 o116 2.9 0.000 0.00 3.14 0.00

1.40  00s5 64.9 0.298 10.52 1.50 10.52
0.00 0000 38.0 o674 23.79  0.00 23.79

From Test Condition Convert to Nominal Values (STP).

STP: Standard Air Property is Air at
(Td) 20 Temperature,
(RH) 50 % Relative Humidity,

(Pb) 760 mmHg Barometric Pressure. =
55 [onGwin
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— STP

Td Tw RH 15 17 18 Pb
C T % T T T | mmHe
238 | 204 | MBI | 239 | M2 | 28 | 705 F
197 | 165 | 721 | 193 | 192 | 195 | 7426 |LongWin
20
15

Ps (mmAg)
[—
=

th

56

Date:
Laboratory:

Test Mumber:
Curve by:

Test Setup:
Installation Twpe:

20080313

F. ¥S LongWin

SN9ZT3

Ericfeng

AMCA 210 Fig.12

Twpe A

——Lab. A STP
——Lab. B STP

30

60

O (CFM)

90

O (CFA)

60 9
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Orifice Plate SRC Test

1
L]

Ps(mmAq)
— = e =t
o S s Y o R o N N ]

=

L.
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1. Installation Type.

2. PQ ->STP
Test Condition to STP Condition.

3. PQ Fan Law RPM

Fan law : Q ~RPM, P~(RPM)?
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LW-9185 (1500 CFM)
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LW-9293 (20,000~30,000 CFM)
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LW-9545 (2100 CFM, Ps~800mmAQ)
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LW-9348 (~1000 CFM ) LOHGWi N
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1. AMCA 210

2.
3.
4.
5.
6.

PQ
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NB Thermal Design

Stepl: L0
0.50 N
Worst case o e
Define mini air flow rate 0.60 < =
: ~
NB D'Z 0.40 -]
Power ON 0.20
AMCA 210-85 Fig.12
MMMMM 0.00 v
U 2 : 6 s 10
[ﬁ‘r = b Qa ( cfm )
it B A
Offer Air Flow Qy;,
Temperature
Data Log
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NB Thermal Design

Step2 . Al

e

i

5

NB

Flow Impedance

AMCA 210-85 Fig.12 0 _*/
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NB Thermal Design
Step3 : Step 3

* 2700
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InAq
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Server fan tray case study

2U server
1 fan in system airflow is 58 CFM
6 fan (Parallel) in system flow is 98 CFM

SRC

6 Fan Parallel

—————
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2040 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 260 280 400

o jonGwin

Fundamental Forward & First



System Impedance Test

| ——

B |\ BTXSystem
N\ H
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Server Thermal Test , Impedance Test, Airflow Test

gy 1 1 Ll S ! 1

22222
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nermal Module - Thermal Resistance Curve Test
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AMCA 210-99 Fig.12
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Thank you !

JonGwin

Fundamental Forward & First





