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Abstact

The purpose of this project is to develop Centrifugal pump test equipment
which involve sensor installation and computer programming. The pump must undergo
a trial to see if its performance meets expectations by inspecting pump performance
curve which provides information about pump efficiency. To find pump performance
curve, we need physical properties such as pressure, power and flow rate. The physical
properties are obtained by pressure sensor, power sensor and ultrasonic flow meter
respectively. These sensors’ signal is read by Arduino. At that moment, the Arduino
sent it to our program called ‘ Pump characteristics measurement and visual analysis
“which is written using the high-level language and development tools in MATLASB.
Subsequently, the program calculates and plots pump performance curve. As a result,
we get pump performance curve for further analysis such as real pump performance

that can only be determined experimentally.
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pg 2g 74/ 725 B

AH =

We  H =Total head (m)
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P = Pressure (N/m?)
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ditldandy (Pump Output Power) mldanaunis
P, = QpgAH (2.3)

le P, = Power Output (w)
Q = 8nsI5va (m3/s)
p = AUNUILUY (kg/m3)

g = mArmsaieinusaliugiweslan (m?/s)

H = Total head (m)

s a LX) ¢ v g =l = 12
nsmasnuliih e liduuemesieludutluusamiss Power input wilsaan

Pi=1Vcosbn (2.4)
e P, = Power Input (w)
| = nszualnih (A)
V=Taad (V)

Nm = Uszdansnmuaines

cos 8 = Power factor

nmsmszdnsnmussduusanies n, wildan

Py
M, = X100 () (2.5)
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3. lwwwedinussiuilduegi 0 to 60 psi fwanslugy 3.7

4. wuwesIngayaneaiignuagi -14.5 to 30 psi fuandlugy 3.8

JUN 3.8 Wwwwesingayaine

MumlinisindsgueeiaraiuiiiugaLagiuderestutihnuunsgu JIS wanasiasy

& P b=l L I & ]
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2. %1199 (LCD screen) 9u1s 20 AI8nWT 4 USSHA LaAIHE mmﬁurﬁm@m ANAU

ATUATY BRSINISIVE WAz AravesIWiATuy ety

JUN 3.13 vthveuaning
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Master Wag AN lViAoImaUfa Slave
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5. Arduino Aa va%mlﬂmﬂau‘lmaLﬁa%ﬁ%%agﬂ Aemlulasaaulnsalansiay
gunsaiduqndndu unluvesaaen waudutamevoyannioena Via1u99uasA19819
Wsunsu vligldaunsoluimundeldde teswaiiuesa Arduino fupsufiawmessndn

d; =3 o4 173 v 12 R (7 r (%] o al':u £ = o 3
wn3ad Ansadldeulauds Tneflidaanuini funisvinasidudou wsenisiamelusunsy
7iejsen Tae Arduino nano Alludnsasiivunaifies 1.8 x 4.8 wufiuns Sefiordivunadn
d = s € fﬁ: & " 5 = ] o/ ar
1N Wensunvuesalulasreulnsaansdu vuuase Arduino nano duiheasdinsuysy
wsaulwi iy auiuidueseguas isadouats USB iU Arduino nano uasde

¥ as - I3 ¢ 13 1 Y o=
wnuABNNmes vasanwsoultaulaiui

e

:I\\\‘ -

\\‘..,1""«(‘):' "

gﬂﬁ 3.16 Arduino nano

1 L4

S— s .:] i ¥ s a 5 { o v =
6.USB type b mini @visuitiausa Arduino LmnuaammLmasLﬁauwagal‘U’sm‘ﬂw

val v a

a & o a a 2 ~ [
w?a(fUSE) naoaLnNld Yum 0.5 Aﬂml?m(51'111'1/]‘{31UQNﬁEQWHBLLﬂaQWU’IﬂLgﬂ LWE)TjENﬂU

nsyualwiluiuuis vathunlunees

5Ufl 3.17 USB type B mini



3.1.2 GnnvguniniBiannsaiing
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ﬂﬂiﬁmm@q

Unsaldidnnsadndrnen fadl

1. Arduino Nano

Huhmuaunahauressssuy

2. LCD 20x4 12C

WDUAMINAVUIN 20 FI9NWT 4 UTIVIA

3. Adafruit ADS1015

guUnsalsudtysyas Analog T4wsng Arduino Nano seafuliine

4. CT sensor SCT-013-030

fudasnssualiivirlaiiu 30 A Wiegluguaasausnedng o fla 1 v
5. PORTAFLOW

liindnsinisiva wag dedoyaidu Indnsnszualwin

6. G1/4” Vacuum Pressure Sensor -14.5 to 30 psi
lgiamnusuvesvedlualuviavuin G1/4”

7.G1/4” Pressure Sensor 0 to 60 psi

8. 220V to 9V transformer
wlawlUaslwihlgdmsuinusedulniihae3nseuinniieus

9. anglwsossuidalnia 4 w agd

10. safumiu 1% w 470k Tou arumaaadou 1 wWasidud 4 7
11. fdunu % w 240 Tey anwaaianden 1 wWasidud 1
12. sfruiudszy v w 1 UF 2 ¢

13. fuvu % w 100k Tey auaatadou 1 wWesidud 1 6
14, fdumiu % w 10k Ten maurataadou 1 Wesidud 1 &
15. Inslnuesn

16. AC to DC adapter 12V

vWuumasmdsaulssu Arduino Nano

3.1.3 N1570799TBLANNSa NN
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1 2 | L 4
LCD1 A
16x4 12C LCD
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ADS1015
vOD
ND
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0143
c
2nd side of transformer
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A1 100K
2 470k 3
1
Lo e n e e | W
1WF 470k 10k 470k 2 . | |
4 2 V4
e RS
1uF 470K
vout
D)
4:20 mA from
Ultrasonic Flowmeter R7
240

_:—Gnd

sz
Discharge Pressure Sensor

ﬂf—cm

TITLE:
Project wiring REV: 1.0
Date.  2017-05-20 [sheet: 111

EasyEDA V4 5.2
T

IDrawnBy Nutty Intarangsi
| 7}

U7 3.18 unudanssionsasBiiansednd



19

3.2 M5AA sensor IATATINTTINA
lwirdetinniluniseduenisasenvessngunseliadnsinisinavesiu PORTAFLOW

204 PLUS Flowmeter titeinsnsnisinaluganimaaes

o | d A v oo
E‘U'VI 3.19 nasaAIaddlainansinisiva

3F2.1 ﬂ’liﬁ.ﬁﬂﬁ'l PORTAFLOW 204 PLUS FLOWMETER

L. diguang output 4-20 mA winthaneillusieuaees Arduino uanesguil 3.14

JU#l 3.20 nsLdeuae output

2. \UaiATes waanadl Quick start

3. 4afin dimension unit {umtiae mm

4. lden Pipe OD = 33.0 , wall thickness = 3 ,Lining = 0
5. faAls material 1y plastic

6. Select fluid type Uy water

7. imua Fluid tempt T 30 a1mm
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3.2.2 M3nsdnaulaadase
& & ¢ & - o o s W
Wunsamm off-set vesgunsninisnaaatlaevluinelesiuilisliifidnsinisivaly
1 v L2 1 1 a 1 A =l z s ¥
Viouad 903115 valuyieasviniu 0 wazanAANAaTAAADY TTunouma
1. na¥Un option

= o <
2. NAN set zero WAAINIFUHA 3.17

d 1 A L as ﬂi. U o/ s
JUN 3.23 szazvingnnealundiingnsinisiva

3.2,3 N13A9AN output

Lﬁaaamﬁmmmsmuauﬁmmﬁmmumu 240 Toulard1n1s0a1115081UANYD Y
T lalutne sV faduSadosldnssualniing 4-20 mA rudadumiu 240 Toudeaslddns
YOIAUANANET 5v wad

1. nAfi 4-20mA Ausnay 3

2. nAft output 4-20 mA LLamﬁagUﬁ 3.18

sUTl 3.24 nsdiar output
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3.3 Ma@iguAds a1gluvain
gunsaididnvsedannduililunuideiiasdoadeudefuaigluuesa ndnnisiey

asnvasegluvedaliesurgliludanisieu duanslugui 3.19

Gumminnu
Arduino Board

y

Awan w sy
include .h file \a
Adafruit_ ADS1015.h Tnoro
EmonLib.h wiamiinhldu
LiquidCrystal_I2C.h

Wire.h

GHAIHE AR
B

sammalna
wrnifpaduriouda i ld
setup somriye LCD
el aridu
EnergyMonitor ,
LiguiCrystal display ,
Adafruit

davByn nﬂufui‘mqn
RN
nuﬂm-: m
g
Sedll Communication

#arnu setup
i dam led
1u'i‘nnmu‘lﬂﬂ1
| Guinamudulnic
Bﬂi’un“mi'mu Adafruit ,
Serial Communication

¥

ﬂmmd’au
un" mi?\‘
11 Loe d':ﬁ?.ﬂ

Ao Voltage TiiburmaRtnd

sUM 3.25 fan13vinnuves 219l
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)
LT |

YaAdanlyiv ergluuesa U Arduino Programming Language fifsil TnadnaSutedada
wgnileulinds dydnwal // @ compiler sxldauladdsiegnduazussiaieatu /)
wsiluniflazeylanliideumesuelindsdydnval // wazarlilugundilatndulnudy

mesuednmuduyamds lnemhevesiudsagldszuu S

#include <Adafruit ADS1015.h>

// & compi(erIﬁﬂﬂLﬁTﬁﬁﬂﬁﬂﬁbﬂLﬁa’Lﬁﬁh YW Adafruit

ftinclude <EmonLib.h>

// &1 compiler Thidhgamdaieldlunmasagm fadslnia

#include <LiquidCrystal_[12C.h>

//81 compiler Withasdadleldlunisruauninee LCD wuu 12

#include <Wire.h>

/7 & compilerTﬁﬁwLﬁ?f'vqﬂﬁ'}ﬁquﬁalﬂﬂmi‘b&’mmzw 12C

EnergyMonitor emonl;

// uldR1ds EnereyMonitor 411970 EmonLib.hIG}EJﬁﬂﬁeﬁﬁa’iﬂﬁﬁ'mgﬂﬂiﬁﬁ?@
maslniin emont

LiquidCrystal 12C lcd(0x27, 20, 4);

// Guldds LiquidCrystal 12 Fanaan LiquidCrystal 12C.h Tneddsiivondn flve Lod #
1% Address 41 0x27 @ousiauuy 12C \usevunn 20 fdnes 4 ussvin

float Zcal = 0;

/7 dsgmeiuwdsuila float #9891 Zcal wio wasamugs Taglwasududu o

float hp=0;

// Ussmiasudsuiln float fided hp vizeweaily TnelvenSududu o

float Pout=0;

// Ussmaduusuila float %edn Pout wiardsiisanandy TegliaiSudui o

float overalleff=0;

// Ussmiasauusvin float #ide71 overalleff wiaUszAnSaminsauvasily TnelsianEudy
Ju o

Adafruit ADS1115 ads(0x48);

/7 Guldidnds Adafruit ADS1115 8au131n Adafruit ADS1015.h Taedndeiiuanda five
Adafruit ADS1115 7Il% Address 91 0x48 Wiausawuu 12C Wusulas Analog 1y Digital
R 12 bit

float suctionbias=5;
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// Uszmadaudsuiin float Aivedn suctionbias w3e A1 offset 184 sensor TAALFUAGIY
o TaglyianEusudu 5

float dischargebias=-1;

// Usenadaudsedn float fided1 dischareebias w3o A1 offset 499 sensor AR
duane TneliAnsududu -1

const float pi = 3.14159;

// Usenasuusmeiiaiia float fidedn pi Tnelkandiu 3.14159

const float g = 9.81;

// Ussmesudsasiiodn float fitedn ¢ wieauliuaaslan Tneliand 9.81

const float din = 0.0373;

// Ussmasudsasiledn float et din vie iurkinAudnansuasiadiuge

const float dout = 0.03;

// Ussmaduussiisiin float #idedn dout via st AugnavevienuATY

const float PSltokpa = 0.145037738007,;

// Usgmasaudsaaiiniin float Aiedn PSitokpa wie Maudawmiae PSI 1y kPa

const float bitpervolt = 5333.170573; // 32767 bit range 6.144 volt

// Usgmedauusesiivila float fivedn bitpervolt u3a fauuas bit iy volt laedl 32767
bit axT9iAN 6.144 volt Ay 1 volt awdesld 5333.170573 bit

const float BurdenResistance=243.4;

// Ussniasudsasfioila float #9091 BurdenResistance w3a AU UM umIL
ﬁwiaagjwwm current loop 4-20 mA 131990 Flow meter

const float WaterDensity=998;

// Ussmasaudsasiindla float fivedn WaterDensity 138 AMUVUILLYT8 N

float SuctionArea = (pi*din*din)/4;

/7 Usgaasauuselia float 9891 SuctionArea wie Aufintavosmediugn

float DischargeArea = (pi*dout*dout)/4;

// Usgnmasauuseiln float 715097 DischargeArea vie Hufinthdmuosiasuane

const float Voltageoutput=4.9;

// Usenesauusasiivdin float a7 Voltageoutput %o mmmaﬁﬂﬂw%ﬁm@ww
90NN Fenamguijaedesdiawiniu 5 udinaseld 4.9

const float ADCtovolt=bitpervolt*Voltageoutput/5;

// Usgmefudsasiivia float #i7e91 ADCtovolt wia n1sudasen Analog 1{u digital Tng

~ Awniiinanausndn gl nengluiiesenuuieliiinanuudugunnu
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int i=1;
// Usemadaudseda int Ade91 i wie Mlunsiuias
void setup() {
/7 ihgitumeussdilnagnddsmantagyiaumnaiudede vty
Serial.begin(9600);
// 3aild Serial Communication Tnel baud rate vsarualumsiudsdoya 9600 Tn
AR
lcd.begin();
// Guldaume (cd
emonl.voltage(1,250.46,1.7);
// irasiannuaedngdwiseidaiu analog pin 1
emon1.current(0,28.4);
// Thaavianszualiseltniu analog pin 0
ads.begin();
// \auldaru Adafruit ADS1115
}
void loop() {
// Lsﬁwaji?umamu loop 'T,maawa‘[u%ﬁw*’qﬂﬁﬁwé‘qawnﬁ:ulﬂﬁ‘aaG]
int16_t FlowADC,SuctionADC,DischargeADC;
// Usznieiiwds integer ¥u1m 16 Us 97u9U 3 6
FlowADC = ads.readADC_SingleEnded(0);
// &% Adafruit Tgue voltage 970 ultrasonic flowmeter
SuctionADC = ads.readADC_SingleEnded(1);
// &a@n Adafruit Teua voltage 31N pressure sensor ﬁ;ﬁﬂuam
DischargeADC = ads.readADC_SingleEnded(2);
// &% Adafruit TWenuen voltage 910 pressure sensor fignuAe
emonl.calcVI(20,210);
/7 &dlunmdliuazaugfifsrtastunisialuin
float SuctionVolt = (SuctionADC/ADCtovolt);
float DischargeVolt = (DischargeADC/ADCtovolt);
float FlowVolt = (FlowADC/ADCtovolt);
float SuctionPSI = (11.125*SuctionVolt)-20.0625;
float DischargePSI = (7.5*DischargeVolt)-3.75;
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float Flowamp = FlowVolt/BurdenResistance;

float OutletVelocity = (0.395*Flowamp*1000)-1.58;

float Suctionkpa = (SuctionPSI/PSItokpa)+suctionbias;

float Dischargekpa = (DischargePSI/PSItokpa)+dischargebias;

float Flowrate = DischargeArea*OutletVelocity;

float InletVelocity =Flowrate/SuctionArea;

hp = ( Dischargekpa-
Suctionkpa) * 10* 10* 10/ ( ¢* WaterDensity) + ( ( OutletVelocity* OutletVelocity) -
(InletVelocity*InletVelocity))/(2*g)+Zcal;

Pout = WaterDensity*g*Flowrate*hp;

overalleff = (Pout/emon1.realPower)*100;
// frdanniiagiunn ety fdaenainily uay Ussavsanlnesau

if (Flowamp < 0.020) && (i > 3))
J/ ddstiagvhaudle ultrasonic flowmeter il error lngsditayaidu 8nsnisiva Ay
ua1uga AuFudiuate wag Adealialuliiulusunsy PCMAVA iaunae serial
communication

{

Serial.print((Flowrate*60000),2);

Serial.print("\t");

Serial.print(Suctionkpa,2);

Serial.print("\t");

Serial.print(Dischargekpa,?2);

Serial.print("\t");

Serial.print(emon1.realPower,2);

Serial.println();

}

i++;
// fdafiFusiudg Led. sgvhmauanssadoyanieen Lcd

lcd.setCursor(0,0);

lcd.print("Ps = ");

if(Suctionkpa > 0)

led.print(" ");

lcd.print(Suctionkpa,2);
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lcd.setCursor(16,0);
lcd.print(" kPa");
lcd.setCursor(0,1);
led.print("Pd = ");
lcd.print(Dischargekpa, 2);
lcd.setCursor(16,1);
led.print(" kPa");
lcd.setCursor(0,2);
led.print("Flow = ")
lcd.print((Flowrate*60000),2);
lcd.setCursor(17,2);
lcd.print("LPM");
lcd.setCursor(0,3);
lcd.print("Power = ");

lcd.print(emon.realPower);

lcd.setCursor(18,3);

lcd.print(" W");
delay(500);
// 59 0.5 Junfinndunduluvigamdsiieglu void loop 8nseu
}

o @ & o Vo ¢ . o de v ¢

garrdiavuatiaznesgndudveineiglulaeldlsunsy Arduino Tundldiesdu 1.8.2
dwiuszuulfians Julad 10

3.4 n1swWeulusunsulaslyd MATLAB
6 SavileldTusunsy MATLAB ad4u 2016b Lﬁaﬁ%’nﬂﬂaL,mmﬁawmimt,amLmuqﬁ

anssnuzvaslunsanies (Centrifugal pump performance curve) lngagdl Hleidundnqiild

'
as

fie fleituiifudranegluveda uay fledduisrtunisraunugl wsduneunisadie
Wsunsusail

3.4.1  afanthanelusunsuy

Tdiends quide Tuiteadne User interfaces(Uls) TnpanunsondnuarainasAusznay
wiu uwnudmiunansv Juna ndestendnu wildld Taeddavinldasne Uls sagu aaddnii
Tifadelusunsuin Pump characteristics measurement and visual analysis (PCMAVA)

sauanaluzuil 3.20
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. T e insuE
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1 n/a i 1 1 Scattern Plot
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Tag: figurel Current Pownt: (126, T16]  Position: [660, 378, 1280, 720]

SU#l 3.26 wihsnalusunsuadislag MATLAB

& ado vy
3.4.2 Weidunldsuaranaigluvese

prgluvesnavdsleyalilusunsy PCMAVA Tagldaomne Serial Communication

YAAAINUF UL

delete(instrfindall);

fasure snidinn1sieusiose serial communication wadlusunss PCMAVA fidhsat)
COM _Port = getAvailableComPort();

Mesune nsaeseud angludeusefugloadnodaluy
COM_use=char(COM Port);

sl=serial(COM_use);

set(s1,'BaudRate’,9600);

F1eS U1y e BaudRate lims i m@‘[uﬁ'uﬁ'}ﬁ'u 9600
fopen(s1);

Aasule Wansanmelaely serial
s1.ReadAsyncMode='Continuous';

readasync(s1);

sSerialData = fscanf(s1);

ANB5UNY BIUTBAINUIN serial communication W AULAlY #auUS sSerialData
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flushinput(s1);

fadu1e audermuiimunitongluden

t= strsplit(sSerialData,\t');

@518 Serial fidasnuwuy Tab separated ﬁauamﬂugﬂﬁ 3.21 %Qmwniﬂﬂﬁwﬁ"q strsplit(

EJ s LY 1 v
YOMIWUT,AILUWDAL)

@ COM4 Arduino/Genuino - i X

| Send
20.01 -17.39 202.19 834.59 »
19.28 -20.30 205.43 829.14

19.56 -19.18 206.89 835.53

20.69 -19.26 203.05 833.32
19.77 -18.07 204.62 820.12
20.34 -15.86 205.57-827.02
19.41 -14.81 205.30 821.55
19.80 =16.03 207.18 830.47
20.54 -159.19 206.27 822.80

20.36 -19.29 204.%8 B25.9%96
19.2% -16.34 206.93 823.16
20.51 -16.20 203.27 826.44
21.20 -19.95 201.23 ,765.18
20.67 -20.07 206.11 827.12
20.55 -19728° " 209.75° 785.43
28 o =\ = ® L4 o .
Emmol Nolneendng + (9600baud

s ]

3U1 3.27 #1911 serial data idaunilusunsy PCMAVA

mData(i,1)=str2double(t(1)); %flow LPM
mData(i,2)=str2double(t(2)); %suction

mData(i,3)=str2double(t(3)); %Discharge
mData(i,4)=str2double(t(4)); %power(w)

6 a 2/ = ) - v w ¥ @ o
fodune Teyavzgnivdisuann string Wy double Wioanfsnuslmdusuauuwdnily

Az anWlutunausaly

& A s a
3.43  daidufgafiunminaunund
1 c; a !)5 ;2 o 2 = = 1 d'
NoUNILNALKUYI LTI ADIA I IEaTuLarUsEans A wdeneu Taaille

mwalauaaziiv Aneadulilufiuyus mDatat,5) wazuseansawliludauds mDataC.,6)

i '
o

ma&ﬁ‘lﬂumﬂmmuqﬁﬁﬁaﬁ
axes(handles.FlowHpEff);
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Mesu1e Idathmunensnanswluiinag FlowHpEff
yyaxis left;
AasU1e onunNU y mutieile
plot(mData(:,1),mData(;,5), Marker',".",LineStyle', none');
Aesue vin1swden mData(, 1) 3sfide snsnasiva Wuunu x AU mData(.5) FafiAe 1am
du By y Taendendu qa
yyaxis right;
ANBBUNY LABNLNAY Y A1YI1HD
plot(mData(:,1),mData(:,6),'Marker',""'LineStyle','none’);
Ae5uny viin1swien mData(;,1) dsfife dns1n1siva Huwnu x fu mData(,6) Fefde
Usedvdnm [Wuuwnu y Tnewndandu 90
hold on
mesue ldvinnsndentududlindenviuveasiy
axes(handles.FlowPower);
mesune Wathuminenisaanswluiiuny FlowPower
plot(mData(;,1),mData(;,4),'m',Marker',".",LineStyle', none)

o

A193UE n1snaen mData(;,1) 4 dnsinisiva Wuunu x AU mData(:,4) 9fife

frdalwi Wuunu y Inendendu 9a
hold on

3.5. Mm3l4lusunsu PCMAVA

Tusunsu Pump characteristics measurement and visual analysis (PCMAVA) #
UsrasdundnAenansvuansanssauzvasuus o Wannsudflsddunsviaumdn
uazgoniiosasiumsldnuuasninsiginaluowandsil

351 uwansmadoyaan sensor lnwliiudaua

nAUu Start M54 connecting with Arduino Lﬁmmmwa%’ayamn sensor WEoLYH

Annaueatuuazssaninm lneliivteya dwandugui 3.22 uay nalu Stop Liengn
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JUT 3.28 degnlusunsuillonaval start n39 Connecting with Arduino Taansauduns

U

| e =
AAIANNUNITIURULUAY

3.5.2 udnnadayann sensor uanivdoyalilugiudoyavadlusunsy

navu Start »59 Recording Incoming Data lsunsuasAuanieatuuasUsyansam

1/ LY 1 } 2 gj o L3 A Ll -
wavuinvaya wiewsisvendnundeyaiiiulaludes Sample size

ﬁaLLam‘lugﬂﬁ 3.23

& pumptestgui

Meny

Water Flow Rate (L/min) "l
28.17
R
Suction Pressure (kPa)
-24.89
Discharge Pressure (kPa) | _ 2
E
196.37 g
82
Head Pump (m) -
]
22.59 “
Overall Efficiency (%)
12.42
20
Power Consumption (W)
836.15 5
800
Sample size : 104 =
2 600
| Regression Equation Y= aX*+bX +¢ -]
Total Head a 4ar
Efficiency 200

Power

Pump Characteristics Measurement And Visual Analysis

Connecting with Arduina
50

L
40

Connected
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Recerding Incoming Data

‘ E = Yo
Plot
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Scatter Plot

Efficiency (%)

Regression Lines
Clear plot

Options
Max Flow (Uimin) 80

[J/Auto Scalg | Save Pt Fums
Min Hp Max Hp (m)
18 M

80 MINEM(%)  MaxEM (%)

L

5 50

Min Power 200
Max Power 800

Delete Dense Interval

Mlow 1 sampla(s)

]

40
Flow Rale (L/m)

50

L
70

L par 1 L/min interval
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3Un 3.29 mamq‘lﬂmmmuanmﬂu start @54 Recording Incoming Data lagnsaudung
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3.5.3 wiangnandoya
A I v 1
Wsunsuamnsandengnaindeyafieglugudeyaveslusunsulaenaty Scatter

plot Tu Plot fauansluguit 3.24

+ pumptestgui i - o »
Menu
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i = ' B Start
nia a” . -
Suction Pressure (kPa) Ee : ; Ak i Recordieg Incorring Duts
n/a . ARGET i -,,'.".- ' ok Sart | Swve | Losd
2F o L/ R
Discharge Pressure (kPa) Plot
5 216 12 ;'
£ :
Head Pump (m) g B Regression Lines
nla o ¢ Cleae ot
Overall Efficiency (%) 3 = { /N Options
195 . Max Flow (L/min) 65
n/a
4 3 7] Auto Scale Seve Pt P
Power Consumption (W) wr Ly wa 1, Makp | MacHp(m)
s - : L . L | = L 18
nia 0 0 20 0 0 v | ® proms oy Rvm——"
Sample size : 128 o~ W Yo o~ :
z ¥ , TR o Min Power
{ Regression Equation ¥'= aX° -bX +¢ | e e v MaxPower
Seof L ]
Total Head ~ g I Delete Dense interval
Efficiancy 200  — : . . . . Allow 1 sample(s)
0 10 20 0 40 50 60 1 Umin interval
i Flow Rate (L/m) MEE

s I
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3.5.4 waanidu Regression 3ndaya
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s | A | . . v o 5
3.31 fetalusunsuidioyy Regression lines Tu Plot Tusunsuazaialdu Regression

WioYIaUBN @uN13 Regression

3.5.5 anAavuwiuvestayaiie lfa AU TuY98Rs1Nslna

Tsunsuannsaviulinnuivesteyauiiulunniasdasinisine Tag deraly
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mmdvesteyaazviiulunndidnsinisive Welfleuiugd 3.25
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Menu
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-
o

o e

Efficiency (%)
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2
nia s
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n/a 195
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i s .
§ 950 -
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Connecting with Arduing

Start

Recording Incoming Data

Options
Max Flow (Limin) 65
[2 Auto Scale |Seve Pt Foums
Min Hp MaxHp (m)
18 M
MInEf(%)  MaxEN(%)

5 0

Min Power 200
Max Power 800
Deiste Dense Interval |
|
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per 1 Limin interval

]
=1

sun

Y

ilivinulunngdasinisiva

3.5.6 HeduaSuvaeialusunsa PCMAVA

3.32 981901509 function Delete Dense Interval %Lﬁulﬁiﬂmmﬁ‘uadﬁayagﬂ

USurwntewie ATMMUILLLYENN Uag Sroy Weninaagudnasnadiesty

¢ o v P o ] = &
wazgarudnanmeenveadudlUUAY menu shuuu uaaden Set Properties 310ty

Lo U =y (% =J
U3usmuAmase aauanslusuin 3.27

-

Menu
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n/a
Discharge Pressure (kPa)
n/a
Head Pump (m)
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TotalHead a= -0.0015058 bw 0.0065408 c= 23126
Efficency 8= -0.0022268 b= 048884 c= 0.47941

Power 8= -0.084138 be 10.348 c= 845.1304

Pump Characteristics Measurement And Visual Analysis

2 v —1
25 — N AN % &
| @ Properties setting = o X
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3 800
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L 1 L i i 1 L
o 10 2 0 40 50 60

3UM 3.33 uamanisadarveslusunsy

Fiow Rate (L/m)

1%

Connecting with Arduino

Start

Recording Incoming Data

Suart Save Load

= Plat
= Scatter Plot
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. B
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Options
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5 0
Win Power 200
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3.6 VUADUNISNAADY
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niintunsimegaaztios Tsissaeihlilauvienisgavestuneunissyihnsipuduls
1) a8 sensor U3l discharge a8n
2) inmsnsenidlUluviefildfasanatnanufuvewiadume sghadhg
UTUAUDNUIND A TUTDIUN

3) 11 sensor U3 discharge 1nfinfdnASs

3.6.2 LATBUNITNARDY
a ] £ =1 ! ] 1l )
1) finda sensor InAsunnan anadagivielifiniss
2) IN15AIAGT sensor USIIaNRI99)
@ 1 [3 H EY ' o (Y & a v a
3) Wadrnmvseguvesinuine eglusunialagaaniulngaudaisunis
NAABY

4) \deuans usb 90 Arduino WU computer

3.6.3 nMsvaasuiudaya aurden(analog)
1) imsiUaeingyaesty wazlusunsy
2) Ay Uananielingn snslvatiuses ) Wnenyundunasiinoinse

I3Avszua 5 Jundineuielimain sensor Aedsruludaialusunsy
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NFUN 4.1 NMsveaesit 1 iuAmanun 133 fetailumiaunis regression 1é

Rl
head pump = —0.0015444 flow? + 0.0058885flow + 23.2102
Efficiency = —0.0034206flow? + 0.50314flow + 0.33049
Power = —0.062088flow? + 8.5557 flow + 674.4629

s DI AU Sy - I =l o = o L
INNIINAADY BAIINISINanIaaNInlamae 10.26 ansAaudl Uuauniaelaia
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mngﬂw 4.2 NMSVAaeeN 2 LAuAWIavae 183 fsgatluniaunis regression 1oigiadl

head pump = —0.0017005 flow? + 0.01953 flow + 23.0023
Efficiency = —0.0032417flow? + 0.49329flow + 0.42828

Power = —0.087156flow? + 10.4564flow + 643.0554
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Ind warlolen 22.925 wns UsednSam 2.70 wWedidus uasdielandranindnsnisiva

19 55.88 ans/u1i UuAunigs

Wosigus

Pump Characteristics Measurement And Visual Analysis
Water Flow Rate (L/min) s

i it
—_—
n/a =

Start
Sucbon Pressure (kPa) B ot [es——
nla (¢ b
Discharge Pressure (kPa) ]
nla :
Head Pump (m)
nia
Overall Efficiency (%)
nia
Power Consumption (W)
nia =
Sample size 183 ‘

-
P = ama i
Hogmsaim Fopwdom ¥ T\'='J'ITT 3T

&
Tesbieat ae 8 09T ne MBS

t
ol

= v I o o
Eﬂﬂ 4.2 VUM NULEAINANISYAADUNIANTSO UL YD IU ATIN 2

< o U :j s l o % vV s ¥
NNFUN 4.2neasan 2 uaiaun 183 maegrashlumaunis regression 19imatl
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5.1 d3Unanisfinen
PInMagsumUsEanEnmusstiuusamisdasnisiannuduiimadiuagnnseen
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measurement and visual analysis (PCMAVA) Lﬁav‘f’]m'ﬁﬁ?wmmmﬁi%m%m,Ussﬁw%mw
Tnesamvastluuasndannsmuansmnuduiugsewing sasmsivatuieaty, snsnislnaty
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CENTRIFUGAL PUMPS C DX
CDX 90 PERFORMANCHE CURVES 50 Hz
Rev F

CDX 9010 (0.75 kW) impeller diameter = 157

0 USgpm 8 10 15 20 25 30
| i | i 1 ] i
| ¥ 1 T 1 |
0 imp.gpm. & 10 15 20 25
T Y =
= - -
% - -
ki g ;
0 = | g - 100
h-‘_ et
5 B »
- )
i) NEws
90/10
g 15 . Tt EEN ! EEE d E‘mwﬁﬁ
. : [m] [R]
g 11 ; 3 25- g
[ ]
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0 B0
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5 t - 1.0~
T 0.5 2
H| 1 |
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0 1 2 3 4 5 8 2 [m3m]
= 1.0 TT LITETT]
>, ml I
g 050 - 90/10
g, |
0 10 0 30 40 50 60 70 0 30 100 10 Q [I/min)
e & T 1
Ao i |
= ¥ N T 90,/10
b ™ Leg=1]
g 2 F
Sy
g
L 0
0 10 i 30 40 83 60 0 B2 40 100 16 4 [1/mn)

Rotation speed: =2800 min™
Test fluid: clean water at 20°C
Applicable standard of test: 150 9906 — Annex A

U n.1 nmuansaussauzasstiu(pump performance curve) U Ebara CDX 90/10 911
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The design and development of centrifugal pump test
wesuwa  §A9N129F 56010591 , unguundvs dudana 56010632 , uetinil SunseE 56010667
9SS US ey finug

( 5A.A5.41889 Usuum )

UNANED
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winntihesmpluin Weluiandeud eammelusginanndiunanslgdiuvarsvesluiauas
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IAIVERY
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Abstract

Centrifugal pumps have been used widely in industry, agriculture and households because of
this pump is suitable for many applications and is easy to maintain. The pump is driven by the electrical
motor. It is used to transport fluids by the conversion of rotational kinetic energy to the hydrodynamic
energy of the fluid flow. The project objective is to design and built centrifugal pump performance test
equipment. The test equipment measures a pressure gauge at a suction and discharge of the pump
using Pressure Transducers. Next, measure a current and measure the flow rate using an ultrasonic flow
meter. Finally, write a program for the Arduino microcontroller to calculate and display the performance
of the pump in the form of charts.
Keywords: Centrifugal pump, Performance, Pressure, Flow rate
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suanwal (Nomenclature)

A Wufiniihda (m?) Re :Reynolds number

C 1 8REIUANUMLUUTENINAUAAUAEAIUTIE V  : Aa53 (m/s)

d : nsugudnansvediida (m) € :AANUVYIVVDIRT (mm)
D : IR urudnansveionE (m) p AU (kg/m3)

¢ AAusaileinuseltiuesveslan (m?/s) P :dynamic viscosity (Ns/m?2)
H :Total head (m) L : kinematic viscosity (m?/s)
K : #usydvimsgnidevasgunsal N Usgdnsam

L :AEIU9IViBINEL (m) deyanwalinvios (Subscript)

m : Mass d :vieanmuga

N : Pressure ratio m : VeIHEY

P : Total pressure (N/m?) p o euds

Q :8namsiva (m3/s) s AU

Z  ANHGIRINYADNEY
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meter Tun15¥ndnsnsiva 14 vacuum sensor Tu
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M IINTIIASeINE AREIFINTIUMANS
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IMPELLER

a & o
JUN 2 Juusanies

2.2 wailu

iwndlumnefandanuiduldiuveumanileld
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sauandlugudl ¢ Aneaduduinanaunisndsoy
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gﬂﬁ 3 Aunle Head pump



2.3 msnuszansamveasty

Nnauns continuity

Amy = Amg (3)
91naun1s continuity uaz energy dwsy
JuagldmdauiviiliAnnsiva TufitasSunt
Power Output (P,)

g = Q(Pd - P, +-‘1Z--dzi—“’7"sz+pg(zd —ZS)) (4)
wWuaNNIs (4) asauns (3)

P, = QpgAH (5)
nsyndsnulnihisaeldsuuemesieludui

usadss Power input P, wildann

P; =1V cos 0 n,, (6)
do 1 Aenszualiiy (A)
V fsliad (V)
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Nm AoUszdnsnnsewes
cos 0 s Power factor
a a o = 1%
msdszavBnmestuusuies n, mildan
=P "
np = ;’; X 100 (/u) (7)
3.N1509NUUUYANAADY

ALY

. YANITVIAADY

. Vacuum sensor (Suction)

. Pressure sensor (Discharge)
. Amp & volt sensor

. Ultrasonic flow sensor

. Arduino platform

. Arduino nano board

. Blue LCD screen

. Math-lab platform

O 0 Ny RW N e

10 Graphic user interface

Pump Characteristics Measurement And Visual Analysis :

Water Fiow Rate (Limin)
nia

Suction Pressure (WPa)
na

armcteny wth Arbass

Fuc et i omeng Oay

Discharge Pressure (kPa) i -

na
Head Pump (m)
na
Overall Efficiency (%) N Ot
nia ra beue [
Power Consumption (W) in »

n/a
Sample sze = nla

s, N L . . . Asa “ampleiy
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1. Arduino Nano

2. G1/4” Vacuum Pressure transducer -14.5 to 30
psi

3. G1/4” Pressure transducer 0 to 30 psi

4. Portaflow Ultrasonic flow meters

5. LCD screen au1n 16 fdnws 4 USsia
6. CT sensor 0 to 30 A

7. Transformer 220 v to 12V

8. Adafruit ADS1015

U 5 2esBidansetind
3.2 YBULUANTTIUAIUDY sensor

1. Suction AMNAUND S¥WINN -14.5 §4 30 psi

2. Discharge AMUALLNG 5811379 0 D19 30 psi

3. dnsnsiualuviediAisening 0.3 B 6lunTeae
PATal] Iﬂa"iuuagjﬁusumm‘ua:ﬁauazmiﬁgdm

4. wsesilwiveadiu 200 8¢ 240 Volt AC

5. nszualriiniildvosty Taifu 30 A

3.3 Wsunsuitadreduniaanan1smnaes
a%’wIU'SLLnnJﬁ'm%'ULﬁuﬁaga sensor fidew13nn
arduino W1UM19 serial communication WagWaon
N3 mm‘fyumauﬂs'n‘]é’@f:

1.08NUUY U161 Graphical user interface (GUI)
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2. Weu function 5UA191n Arduino wiAulily
Tusunsu Tuguves Matrix

3. a¥4 function e Sasnslua fdslniiag
Hufu ANUAUMUAA AMUALUATUIY TURINM
Us¥Ansnw uaz nveaiy

4. @519 function plot NSMLUY scatter (NFIHUY
)

5. @513 function plot N51MWUY regression (N5
LunSIaAnIuuI L)

6. @374 function AAUAYEULIATBINTIN LU SR
nslvagean svuzunu y

7. a%14 function M5 save Toyaluiiulilu file txt
frannsailuilnly excel uagannsa load sngly
Tusunsula

8. a%14 function fianansaauFdgiintulugae
Sasnaslvadunidiearu el aunns regression
wiughlaifislrusianumunuduvessuindunini
ATAuA

9. vnlwlusunsuananse print nsweanyudy

file .png (ana file Unm) Ineld function dusasy
10. unludgmannisdaurvaadld

11. Tawnsldeulusunsy uay vililusunsy
asaReRn Yunavie ALt LitelUldly

nsanuandle
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Gunaniiatu Arduino

board

Include library
LiquidCrystal.h
Emonlib.h

!

Pre setup
Urmedianlz @e Sensor
s Pin
Ietanlsy Volatile dvufy
Flow sensor
Uz revrelandy
Calibration factor
NI Sensor usn:=i
a¥w Function mnu
Rpm we: Flow sensor

!

Setup
# Pinmode s Flow
The Digital input
Tlen =180 Serial
Flm Emon volitage
unscurrent
Pz IAterupt wun
rising

<CIN 2e; T

loop
Fadn Rpm wns Flow
sensor Juo

il
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ARDUINO

s idn Flow
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Tudoyoeu Analog
= Pin ves Current
sensor
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Fulay oo Analog
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\]

Mz Sy Power
iNput TetAwres
Emon librery

!

1y Power input
Anezuw Pump power
input

¥iPressure Suction
M Discharge
e Output
power pump

v

diufynnos Analog
~n Water vaccum
pressure
transducer

I

un Pump power
input uss Pump
power output
Aunosn zdniomowan:
Y

dhudrynnn: Analog
=n Water
pressure
transducer

r

Aounsauune Jhue
Pressure Suction unc
discharge

No
h 4
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1iim Flow
sensor
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@1 Serial T
Serial
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Pressure Transducers 2 @7, Ultrasonic flow sensor
1 @2, Amp & volt sensor 1 /7
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5. Lﬁuﬁﬂmﬁmﬂ sensor WU serial communication
port 484 arduino wazAuInmAdulUuldves
Adil#a1n sensor

614lUsunsy MATLAB @514 Graphical user
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1. fnhliftegluviedewhnisvnassdesderfidy
AnnauY

2. Mg Ultra sonic flowmeter itelsianusadn
8n31N715tviala

3. Unlusunsuiiléadisieumthiliasesudann
sensor
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