186 2020 4E 7 H

FiHE  F13 W e A Y R

Transactions of the Chinese Society of Agricultural Engineering

Vol.36 No.13
Jul. 2020

E TR RN EE SR RERN

B, FE%, LXK

(1. gl K= TR, BN 4300705 2. FORAEEIL A FiER 3 & 8 fseie s, R 430070)

B E: NFR—MIETHIERIEIE (Tunable Diode Laser Absorption Spectroscopy, TDLAS) iK1 & & & NH; ik
FESCHTELR IS, IR & @SRRI 5 F 2., Z 73T TDLAS HiAR, RASREASH R, BET—
BEEE NI IRERN RS . ZRCRAREKN 1512 nm WIECESE AR, RIS TRBOEIEE®, KA RS
HOR, SEEL T XN E &S NHy R AR Rt ge, @ SCR A aiE . AHIEZE 5 RS 02 DL
MANGESSSHESHMNE, WE T RARENRGIZE, JHad ZRARMRRHT T RARENIENREE. 2%
W )82 (8] 5 Z OB IR S S R e, I8 IR EE RS € 1S S5 R R IR B et A I R AT TN IR s SRR,
R 2 G0 A ) S HE IESZIAHIME Sy 9 kHz, IEZIAHME SIEMEHN 30 mV. $ESHEH#E SN 1 Hz, SAEHE
FEIA 170~215 mV. S NGE 552 %5 SHMZER S0°S 80T MR Z B TR SR &L AR NH;
HIREBIREZ ARG RIFIEMERR QUG MK R %L =0.995 8); R ARG MBIN HZy 42 s (REHR
IR EFRIREE 99%); REMHAREEA 403 K B, NH; EXEWMIEA®/D: Allan TZESTRH, N RGER 50
[0 10 s B X BERMPR, FEMPR M 0.038 mg/m’s fEIAL RGBT R THEAEIRK, BRI RALALMEIREN
1.00%, ERNMELESELREN 0.51%, AT & & & N NH; R KRS I K .
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W B TR RE T, N BRI = 3R T BN T R T AR A7)
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a. RGHEMIRE
a. Schematic diagram of system structure

1 3 2 4 5 7 8 9

b. HIM ARG T &

b. Testing system experiment platform

1LPC 28RS 3AERER 4FME 5% 6/ UCRERE
BRI 78008 SHOGEE 8 WOLINENas 9. nT T ELUR Fi
1.PC  2.Lock-in amplifier ~3.DAQ 4.Detector 5.Gas absorption cell
6.Gas collection device or gas concentration diluter 7.Laser base and DFB
(Distributed Feedback Laser) 8.Laser driver 9. Adjustable DC power supply

B1 F&4 NH RELMNZALHTERRIS EZME
Fig.l1 Schematic diagram and partial physical picture of ammonia
concentration detection system in livestock house

WOt RS Hoo oA R IR E ot S (852
LTM-1512-B, Ataill R dtaribels) 14 £ HEOL
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BOGIKEhgE (BS54 LDTC0520, 4 ECIHOL 28 6 J8a 2 ]
DFB BOG# ST o ek 55 H 04 Herriott

RE (58 GW-1020TD-10M, 3 KGR m A il 2 45
FEE) L EEREE (5N XMTG-7000, #EHIKENS
IR « SEREEBEMSEIRERBEN (BS5H
Environics S4000, Pt & brdlik BA RS RERFN S A%
WAEANRE) o MESHBCR T E RSN (5
‘59 PDA30B2, 4&WCHA SAAERUE B RIEHD |« BiAH
BOK#R (BS54 HPLIA, SEBUES SIS o Bl
KHEFE (H15 9 NI-USB-6211, ¥ 5 R4S PC it
FTELHR AR FE) U5 5 AL FE HG E 2 i B4 AL LabVIEW
AR, SIS 0O A 38 5 9 S RO R

A 15 5 5 ATUE 5% 45 5 8 s i 1 iS5
UKXZ)) DFB WOta% 7= A [l e A JE B R e i, Jel
ZHEBE AN Herriott KA =, WRES S HZ
U TG B AR 2RI e 4o i AE S, S AUk
WS B S 5 2B RO 28 5 OB I 4 b, B R
R REMI R BE S, 4 LabVIEW FEF 5L UE
AL RIS AR S U S R T RE
1.2 MEFEE

F4E Beer-Lambert £, oo $iZ Ay v, OG5
PRI ASAASE, HHERER AT RN N

I, =1,-exp(-a,) Q)

Iy AR RIS AR AT O, mWs 1, A RIS
G e 5, mW s a, N B DI R IR R B,
a=FPLXS(T)p; P NJE#E, kPa; L J9GFE, cm; X A4EN
FESREIREE, mg/m’s S(T)AHFELLZ TR, cm?kPa™; ¢
NERTE R

TEIT £L AN IX 35k, SR IR e 2 Hie o AR /1, R
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A v NS BOE R, Hz: a NIEHIEREE, cm’
SOEBIRE, Hz, ¢ AN, s.
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BHIG, SRR AARZ SR JefE . RIS HEE 11
TR, FFNAARIKRIES OB IS E R IELCR. RiEC
RIRE I S A5 5 (0 AT LU IR AR AR 23 25

.C

P
C _ b mea ref (7)

mea
Pref

RAPAIRS N =300 K. P=101.325 kPa, b A&
RE, P NSHEREREE TR IR RO IS, mV;
Cry WBHERSRREIKE, mg/m’s P, NWEFUSAHIKRE
Xt A IEAE, mV; Ce AFFIAAARBIKE, mg/m’.
1.3 WRYigEEL

FHAR S TS 28 AH B PG 1% 22 58 15 2 BIR i B A
I 22 GG DA Ve B 1 3 B S LA 200, K] e 3 OV
WU ey S BE o SNy B G S B B A AR AR IR B [
FI R, 8T HITRAN $0# P 225 45 (0.3%NH;.
10%H,0 F1 15%CO,) #HAT TSI WL, Wik 2 Fros.
FEIRFE T=300 K, & 7J P=101.325 kPa, Y¢F% L=1 000 cm
HIBEILSE AN, NH; 76 1 512.24 nm (6 612.71 cm™) BT
H LRI S B oy s — i 2k, 5 T IX 3 Fadll & . i CO,
1 B % BEE B Y A BB BRI, HLO 7 1512.40 nm
(6 612 e DA Hy B EH WIS , (B AS 2356 NH, 38 & T4t
BRI, EHC 1 512.24 nm (6 612.71 cm™) AL NH; Wik
LRAE v H BRI o

# K Wavelength/nm

1512.86 1512.40 1511.94 1511.49 1511.03
T T T T T T T T 1
1.6+ ;
14t i o
IR BN 15%I1CO,

8 12} CO, with 15% volume fraction
g o tRBUMEON 0% IH,0
5 1.0 H,0 with 10% volume fraction
2 PR HUN0.3%I1INH,
= 0.8 NH, with 0.3% volume fraction
)
= 0.6

04+

02

0 I\K —-.._.-...-j‘/_/r\ o~

1 1 1 1 1 1 1 1 1
6610 6611 6612 6613 6614 6615 6616 6617 6618
41 Frequency/cm™

e BELRE T 300K, 5/ PJY101.325 kPa, J6fE L J9 1000 cm.
Note: Simulation temperature 7 is 300 K, the pressure P is 101.325 kPa, and the
optical path L is 1 000 cm.

B 2 NH;. H,0# CO, &K 1512 nm W Bl ki
Fig.2 Absorption spectra of ammonia, H,O and CO, gases near
1512nm
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ASH I 22 Gt R PR R ) TR 38 ) 0O 2 fan HH
Koy ANTHT Sk B A5 00 A 3 B f 3812 B A A A ol
SR ARAE K AR5 5 5 RS2 R 455 AR
RMEPI LA SR AT NG 5 525 5 S EPIE L
[l gesE o BRIk, S B S r AR 48 I FH 375 35 5 A
BORIEF BRI S H, o7 AR R AR L5 M L
EREHERE .

2.1.1 EFIIRERT R IR R

W B IE LI ENE SIRME V=30 mV . HE 5315 S50
R fiw=1 Hz. B FARVEE 170~215 mV. 117 2 5-50°,
A3 SRR AE 7~14 kHz 6 Bl A Z SRR
LAk, AR 3 a.

H I 3a Al 50, B AHIARIZEIE R, U IE
5 IS K5 /N 3 FEAER R 9 kHz B - J0E I
WAL A ) f K fE,  HABUEAS S X R R 47 . 7E TDLAS &
E5 e I o =T I I e S D WSl G Y R IR R A
(Signal-noise ratio, SNR) %, [RI ik i} 9 kHz 1 Al
REGHIABIIE
2.1.2  A%IREAEAT Rk 69 Bk

BB L IAGNE SR £,=9 kHz. ARG S0
R fiw=1 Hz. B FAREE 170~215 mV. {7 2 5-50°,
43 IR IR AR LE 20~50 mV I8 A VS R R
LAk, AR 3b.

HH Il 3b AT, UGE IR B R G, R
5 HH 35t 38 0 5 e/ BB R HLAE V=40 mV Abik B 5 K,
B I I 38 90 28 B TP AR A8 K. IR LRI BRI T . 24
Van=50 mV I, WE S FRIE R E RIS . Ik, 761
TEE N V=30 mV K73 3 e SR Ear, A
FI T $2 ARG 2R S I B BR
2.1.3  EIESHTARL EXT RIS G R

BB IESZ I SR £;,=9 kHz. 1E5ZIEHE 508
5 V=30 mV. GGG S £,,=1 Hz. #A5HEH
Y 170~215 mV, 43 5 & 8 A AL ZE 7E 30°~150°3E
B SRR IR 2R (AR 1k, 45 SRl 3c.

HEl 3¢ Al %0, AHALZE SN 30048 K F) 90cid frb, — ik
VRS S W AB R IS5 08/, FRAE S=50° i i 2 e K AH
TEEB A TERES, BMANE S 53%E 5 2 MMM ZE1E
[0,27]505 BBl P AR A0 I, - VRS U8 03 D - 38 4 S L 1 AR 4k
H A =n?2), YAE07 2 6=140°[50+ /2], —ViEmAS
SRR E, SN 2 2 5=150°0, KK
EUUEIE . S50 IR AR 2 B AR AE
2.1.4 AN FEX RIS % 63

BB IEZMENE S £,=9 kHz. IEZRHNIE 508
fH V=30 mV. FEHEFEE 170~215 mV. A%
5=50°, 43l B AN ZAE 0.5~14 Hz JEFIA Ik
WHARHIERE LR AR Ak, &5 A 3d.

T 3d mI, EURVEME B A ARG N, 2P
B 2 H RS PP s . HAE f.=1 Hz i,
TUGE B IS BB R . 7E TDLAS R4, RHi4E 51
i 5 R B S SRR SO AT IR 4, i 4
SRR YL R PR, IR I K 5 B
V) PN 5 B K, B R A S AR B AR R S R
T AT /N B A I R G S TR), R AR 2 S B0E
PO D TG IS R G REALR 2E . RIh, FEIE R R
RS A B R IR R, S IR R
ERIPIRERT . NI REMNBEES, AR5EH
HE R E A fa=1 Hz, FINRGRE R RESR R
BN 1000 Hz, FFRIEF LGS T,
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A3
Fig.3

2.1.5 AT EGHT

A 445 5 R VG B U g DFB OGS TE B AR 4
M YOG A (R A L, A3 A 4 Y T DA A Il R
QRPIESE ., AFREENHERMXIE, BE EZEE
SR f,=9 kHz. IEZEHNE SIRE V=30 mV. AL
2252500 RN TS S0 f=1 Hz, [RIRPREAE D54
LR KZE 150~250 mV, 45 R4nK 4.

2
w2 60 oo |
v E 0l : |
Fl i \ |
=0 ' |
s E 20f | |

o0 - 1 it it 1-----° 1 1 ]
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a KA s Sampling points N

a. ARG IEN ZIKIEEGES
a. 2F signal without baseline correction

>
=8
g
iz 8 20f
K= op NI i N
£F
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s KFf 55 Sampling points N

b TR RIS
b. 2F signal of zero air

o Z
52 60
or 2 40 |
mE 20}
xZ 0k
% E 20l
= %“ -40 1 I L L L )
o2 0 2000 4000 6000 8000 10 000 12 000

o™

SEFE S Sampling points N
cHELBIEJE I —IRIEEIE S
c. 2F signal with baseline correction
B4 B=FTEEA 150~ 250 mV B =K %% TR
Fig4 2F signal in the scanning range from 150 to 250 mV
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b. Different modulation amplitude
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d. Different scanning frequency

14

BB S B AL AT R e AR

Influence of modulation parameters and phase parameters on the amplitude of 2F signal

M 4 b A1, FENEREY RS, RIS T ok —
WK VS EAE 170~215 mV 7] %R RE & 3 000~
7 500 [A] AW g, FAFETERIZE 215~240 mV [R]Xf B
KAE R 8 000~10 000 AT W . #E— 501, HE
de A1, R GRIIR N 0 FORSU, SREE SN 3 000~
7 500 S N7 18 SR AT g 9 SR A A Ak 55 R AT e 44K 1L A
16, A E 3 RZRAARLE 1 512 nm BT RIS 2855
AT AT EIZ IR g HyO RIS UE . b4k, TDLAS REHE
s b P 5k B S s e AR A, B B AR IR SR
25 0 RS S HHT AR AEPS, & 4a Fras#h 4 NI 4b
W 4 Fifd. BT ARRGBAELZ MIREMRSIE FREL
BIAGLE 0 s (GEZRARifE 2 0=0.028) , BEH L1
B . IR R G A B S R s i R 1 B A
B, ASCRXRELHATEIE, R RS0 E %
HETE 170~215 mV [i], BERTHEBRZK AR IS 6 r= 26 T3,
NCATHE ARSI R SE TS RE 77 5 R T
2.2 WNRZSEML
2.2.1 R ik BKEE

R RS EAE AR, SR R Ge kAT B
RIS . WG, AUER IR S 2R s DL,
REGCTHRBEE N — K. RN, BV =RE
& 403 K. fEAE A NH; B 2@ ARIE 1 000 mL/min
H) B2 S E M 60 s Jo B I R SR,
AR E JA G L 500 mL/min 37 EE N KN
27.86 mg/m® (40 ppm) ) NH; 54K, Rl 2 Ge ik &R
¥k BN, EE EREESSEHTE B
I 5 FTo R EE e o 2%
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FR4E (GB/T 25476-2010- 1] P EBOL AR HTAC) b
1, TDLAS Z %t 57 i (7] 14 B0 7 3 J i 18] 55 90 9 M 3
WP 2 AN 8. i B R e IR PR 18 R 2R B R AR 4L
FIBRIE S, B (E A H AR R T RS IR IR
ZFEM 10%FT& Rt (], A b T R I (RS R
Jei B 1) 2 Folt FEE 2K o 900 I 17 5 M A0k I A M AL & 2B B R
BACHIBR G, B (EA 0 E S B AR S RS TR
B 2 22 1 90% T & S 1B o BT CREED BFEIA 90%
M LR [R5 E o CRBE) a2 2. mE 6 %,
w97 2R S S B TR B, HES B 3 N B,
A BT RS F I S 2909 3.8 s, b FHmA RIS
B2 28.2's, 90%M B [A] R 32 s. HES MBS RA N
Rt IS B 3 s, RBEMA NI AA 17 so ARl 44 M
NIZR LA RE GEBIEPRIRER 99%) Hif
2142 s PLAN BRI, FEEESBY Bk BE i D7 i 2 H 20 ]
FE. SR EREEM s, RERROS
J % T B S BUR IR A A S E B R it
X b b 5 T [ B o S B () R R e 7 B (] A R
SR I OE, TR TR 5 SR Ak S AT AT BLE
MRS, gD SR B TR, AT ek A
NS il =a N

_EThwa SIS ) 28.2 s
Rise response time 28.2 s

TR I 3 s
Falling lag time 3 s

30F
HARIRIE 90%
| ~ 90% of target concentration ;1\ B
&
o0 L.
£ 20
=
£
g WA B WK B HES B
§ Intake stage Measurement stage Exhaust stage
8 10f )
= T BRI 17 s
% bR ERE 38's  Falling response time 17 7 ~
P et s G 1 SR IR S
i 10% of target concentration
0770 20 30 4

50 60 70 80 90 100 110 120 130 140
A [A) Time/s
B 5 A A Gk A 4%
Fig.5 Response curve of detection system

2.2.2 AR RBERIEEIKE

NH; % 2y W B 4 215 4 6 A 0 ok 8 o 2 T B 7E
AR I B b AT R e 2R A 0 D R e R g
i AP, S50 TDLAS REG/E A Tl E NH, WK EZ R,
I HE AN i T R I B S B PR B R A 1 e B
T P 5 A ) mT BARRAR o) F- (A g, PR AR ER
B, AR HGE R R 2 SRR A

AR F B R R R PRI NH W B ) 732,
HNERBAEEMMMEE, M EBEANKERN
27.86 mg/m’® (40 ppm) [f] NH;, JIHVS Sl 44 IR 5 AR
WTE Y 298~423 K, WCRAEAFNRE R ERELRNL
5L, 4R 6.

HIPE 6 mI %N, TERE )y 298~316 K i fiH, NH;#
FEZEPEAS, R NH; B8R ERERE: EiREA
316~398 K i, @RKELA R ETHES, R

WA P U620 0859 23R E ik F] 403 K B, NH; K%
BEARTEFNWILRIR M, ROPIRE N NH; W FRHFEH 25
AJHBR; 7E 405~423 K2, NH; RS X 2RI
W, KU NH; FEILEE N2 b tb. Bk, MRS
PR FEE BB 403 K DA BRI PRE S A 9 5,
WG A7 SI2 o 7 FH B AR 5 PR B3 17 1 0 S0 % B R i B
IARIE e, B AR AR R =R .

40

(%)
(=l
T

3]
(=1
T

¥R Concentration/(mg-m-)
S
:

0208 316323 348 373 398403 223
I Heating temperature/K
A6 AEARAKREL 298 ~ 423 KRETEE N 69 L
Fig.6 Variation of ammonia concentration in gas chamber at
298-423 K

2.2.3 Allan 7 £33

HIMERAE 5 T LU 2%k TDLAS R4
W AN IR I R g0 R S 5] R IR R 2, (BT AT &R
Gt AEA BRI T Y AR 10, IR MG T IR g
PRI K, FUk TDLAS RGHIE S 75 2@ Allan 77 %
SIMTHASE B T 3B S R Ge R AR R0,

RIGHF, KN 27.86 mg/m® (40 ppm) NH;iE A
EN, ELLE 30 min, £33 900 K. X%
Sl 30 min £33 IR HEAT Allan 5 Z 500, WKl 7
FiR, ZGiAE B I, 2eRAERT AR 2 s MR T
TDLAS Z SRR IS E] N 10 s I, 52 Geik B SRR PR,
TPy 0.038 mg/m® (0.054 ppm) . Hitk, @it Allan
75 ZE R B A B FE A I T B IR B E N 5 IR,
e R YA IR v

3 RFEIRESMRENE

AR 5 35 85 7 o 8 0 6 B0 9 2 O AT 1
B, WELR R 5B MO B IE B (5

Sin=9 kHz 1ESZIFGIE SIEE V=30 mV. HEAFEHE

SR fw=1 Hz. BEAHERTER 170~215 mV. 72
&=50°, TEEPEALFE 51, ML LabVIEW 275 REFR
SRAE ISR BEE#AT 2 UCFE (570« NE M Nk
Bt dbd, HEIEE Level 5) SEHUEACETTE, N>
I 22 G5 [R5 P A R B AL R 22, FR i R G5 e L
3.1 RGRE
.11 RIEAH

FRUE: 99.999% N,. 702.1 mg/m’(1 008 ppm) NHj;
SRR G %E: Environics S4 000, WRJFIRZE+L 1%, HEME
+1%; FEASKELE: Environics S7 000, HiHEARZ
R E T=300 K.
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<

WAE )72 Allan variance &

—_
<
o

10! 10?
FUMIL ] Integrated time/s
FE: RIEN RN 2s, BAHEN 27.86 mgm”, MR HH 1800,
DB 300 Ko
Note: Single measurement time is 2 s, the ammonia concentration is
27.86 mg'm, the total test time is 1 800 s, and the test temperature is 300 K.

B 7 Allan 7 £ #h £,

Fig.7 Allan variance curve

NH, 7%

8r NH, concentration/(mg-m-)

Y HRE 2F Signal intensity/V

1
7 600
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7 400

1 1
7000 7200
KFE R Sampling points N
a. ANFINH LR o A1 1
a. Distribution of 2F signal under different NH, concentrations

1
6 800

5 0 2F Signal intensity/V
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3.1.2 RKEFE

N ORbR e B R R, bR i d R ERENSR
PN PR I AE T=403 K. &b & IR RT, WEHE
TARAEMERE UG, ey 30s, A RH
HAEFEHEHENAE . bEr, BRI E A
[0 b 2 IR EER BN E W, 5L FER, K LabVIEW
FEFE e, KA R EREE, AR
60 s J&, TR R GE B I IC 3% B AR X B (1 35
B, BHEMKEEL 3 K.
3.1.3 REER

W& 8 a iR, ANFEIKE NH; W E 5 — S iR 2
BIEH R R, HE 8 b A1, WE (O 5 ki RE (1
AHROMEERR, RARKMEREN 037V, fil
HTFEA S R B =0.995 8. ERIEXN:

Y =0.089X —-0.065 €P)

oo
1

~
T

(=
T

w
T

~
T

W
T

¥=0.089.X-0.065
r=0.995 8

O 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 80 90

#J¥ Concentration/ppm
b YA DA AN 4025 1l 2%
b. Fitting curve of 2F amplitude and NH, concentration

B 8 NH3REAFELR
Fig.8 Calibration results of ammonia concentration

T REIR IS
HET, MM RA TDLAS AR NH; 3 )
10 AR IR HE R Y TDLAS R24tH T NH;
WA A IR B R . bR R BT A&
JIZ R P NH, W E ISR E, ot i s o) &
B 3 Wk R FH SRR FE R II B 4%, INNVOA SR
A W A3 AT LA [R] B GE A A AT A, A U 225 SR A A O
HR[37-38]) 2 KAG o Ak, KA TH TDLAS R 48
5 INNVOA Y SR MmO bk, Al PLESIE R GeAs il 45
RTEE . 1 5 A AR BERA I &5 X b, mT DA
WA RGBT eSS TR A
AR 3o

Rk, ARSCHEREIRIGAKHE (AR S SRR SRS
BT AME RGN (VOCs) W IACRAR 3R J
WY hrdE, RAASCE R TDLAS R4t HALZE(E
#5320 NH; /4% (AP-S4-D) Al INNVOA 1412i H S 44
A USR] B 6 A S AT AR, 6 =3 PR ) 45 SR 47 %o
EL 3T

3.2

3.2.1 RKEFH&

RIHT, HeH =6 MWL, JHE TDLAS <&
IR FEIEE] 403 Ko A5, fEHSAEIREGHEELE 62.69
(90 ppm) . 48.76 (70 ppm) - 27.86 (40 ppm) A1 13.93 mg/m’
(20 ppm) 4 NI JERAELE ) NH; BES,  ABRIE SRR E N
AR, A SIEECSRE SR N 3 0, Sl T
W o FEA TR EHH P 2 T 2 85 I 24 min FFC R B HUE -
H1 7 INNOVA 5 TDLAS XM EL A E . #15
R AERAE, R P e A B A T 4 — B
2 min,

3.2.2 KR IBAT

AR K& RE S ERWERTME 2 NMavrrF
AT e o 2 M i 22 4R A DI ) &2 R PA P
AR iR Z AN T ERER B, F R &K
WEEmE, A 9 Fox.

Ca-cC,|

L =——x100% D)
R

i

P L ONE | MR RIERYE IR 22, %; Cy AR i FREZH)



192 Ll THE2AH (http:/www.tcsae.org)

2020 4

FRFRAE  mg/m®s Cy NS i PRk FE 22 Y& F 3548, mg/m’;
R A AN B i AR A, mg/m’,

S I B EE M AR AR s R R AR e
, AR (10 For.
;=Z£ﬂﬁiﬂﬁnm% (10)
C, n—1
Kb S A EE R AR ZE, %; Cp N § RIS,
mg/m’; C, NKEMEFH{H, mg/m’s n 8K
(n=6) .

3.2.3 REELR

P9 o = & R 15 46 7E 4 FiAS [R) 9 B2 45 AF TR IOAG DU
59, M 9 "4, INNOVA Fieitit 5 TDLAS 24
15 4 FPOATR] H AR B3 BE il Ze 0L, HL ih 2838 3 ¢
/N T LA 22 AR TR AE 4 ol B s R P IO 8 o ) A 8 B
LN

S:

= 7556 R R I {X Acousto optic spectrum detector (INNOVA 1412i)
-+ AL R YiThe system in this paper (TDLAS)
- F Ak 25 K6 M {X Electrochemical detector (AP-S4-D)

~ 70 ~ 55
£ =
& &
E6s £ 50
cE 2
=B =B
£ 60 £ 45
8 8
g g
&) &)
3 2 4 6 8 10 12 40 2 4 6 8 10 12
SFFf 5 Sampling points N KA 4 Sampling points N
a. 62.69 mg'm?(90 ppm) b. 48.76 mg'm- (70 ppm)
&35 a
E g 2
& &
L 7 , 2%
£25 2 10
= =
o o
@] 20l . . , &) 5
2 4 6 8 10 12 2 4 6 8 10 12

KHf 1 Sampling points N
¢. 27.86 mg-m- (40 ppm)

KA 25 Sampling points N
d. 13.93 mg'm= (20 ppm)
B 9 TDLAS 5 INNOVA. wft34s & 5 A 4 Fr R ARE Tl
LRI
Fig.9 Comparison of TDLAS, INNOVA and electrochemical
sensor in four NH; concentration

MR 15 00nl s, 78 4 FhAS [F R I & 4
N, TDLAS 5 INNOVA R TERZELE 1%MT (bruEA
<5%) , EEMIREE/NT 2% RfEN<5%) , Hh
TDLAS RALIALRIEIREN 1.00%, EEMEEFRE
K 0.51%, T EE M IRZEN 5.98%. HILA A, b
S AR WIS G WA 4 5 85 0 1 U THI B T FRA 2
SRR RS . W B AR AR S5 R i, H
TDLAS fEEE M FRS LT INNOVA. tt4h, 9 fiisk
1 AHEE L, E 27.86 (40 ppm) A1 13.93 mg/m’ (20 ppm)
IR FETE LN, TDLAS &4tk INNOVA Al HL AL 2246
AR B Bk e tE . S2hrdr s, HHEER
S E AP ATAE 0~27.86 mg/m® (0~40 ppm) it
WET M ET WL, TDLAS R4 ESMHTEHEE &K
W P W o

R1 TRRETZGRMNMMESRENEENEETIRE

Table 1 Linearity error and quantitative measurement repeat error
of three detectors at different concentrations
AL
e INNOVA TDLAS Electrochemical
Concentration/(mg-m™) detector
L% S/% L% S/% Li%  S/%
62.69 1.42 1.06 1.12 0.51 1.08 535
48.76 1.72 0.95 0.86 1.13 259  6.55
27.86 1.36 1.96 1.52 0.12 0.63 5.61
13.93 0.60 225 0.51 0.26 3.63 6.40
P34 Average 128 156 1.00 051 199 598

e LOAZMERZE, SoEBNEEZIRE.

Note: L is the linear error and S is the repeated measurement error.
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Detection of ammonia concentration in livestock poultry houses based on
tunable diode laser absorption spectroscopy

Tan Hequn, Li Xin’an, Ai Zhengmao
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricultural Equipment in
Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: This study aims to develop an NH; concentration monitoring system based on tunable diode laser absorption
spectroscopy (TDLAS) for real-time and in-situ control the environment of livestock and poultry houses. In an air chamber, an
optical path was attached to a butterfly laser with a wavelength of 1512 nm as the light source. NH;3 concentration was then
detected in livestock poultry houses based on the molecular absorption spectroscopy and wavelength modulation technology.
To optimize the performance of TDLAS system, the optimal modulation parameters were determined via tailoring the
amplitude and frequency of sawtooth scanning signal and the sinusoidal modulation signal, as well as the phase difference
between the input and the reference signals. Moreover, the optimal parameters included the heating temperature in an air
chamber, system response time, and the average number of second harmonics. Finally, the concentration calibration
experiments were used to verify the performance of TDLAS system. The results showed that the optimal second harmonic
shape and amplitude were obtained when the frequency and amplitude of sinusoidal modulation signal were set as 9 kHz and
30 mV, respectively, while the scanning frequency and range of sawtooth scanning signal as 1 Hz and 170-215 mV,
respectively, as well the phase difference between the input signal and the reference signal as 50°. The concentration
calibration test achieved for the standard gas (N,, NH;). There was a good linear relationship between the different
concentrations of NH; and the amplitude of second harmonic (the correlation coefficient of fitting equation = 0.9958). The
response time of detection system was about 42 s, from the start of air chamber self-inflation to the time when the target
concentration of 99% was reached. In the response test, the results showed that the appropriate increase in the flow rate of gas
can effectively improve the detection efficiency of system. According to the temperature test, too high heating temperature has
led to ammonia oxidation, whereas too low heating temperature cannot effectively limit ammonia adsorption in the gas
chamber. The adsorption of NH; reached the lowest level, when the heating temperature was set as 403 K in the chamber.
According to Allan variance analysis, the TDLAS system reached the detection limit of 0.038 mg/m’ when the integration time
was 10 s. The average number was set to 5 times, indicating a high accuracy during the stable period of detection system.
Performance tests were performed on the system under the optimal system parameters, indicating a comprehensive linear error
of 1.00%, and a quantitative comprehensive repeated error of 0.51%. In four concentration conditions, the accuracy and
stability of detection system were close to that of the acousto-optic spectrum detection, and better than that of the
electrochemical detection. The findings demonstrated that the developed system can present highly accurate detection and
stable performance, and thereby to serve as the needs of long-term continuous monitoring of NH; concentration in livestock
houses.

Keywords: breeding; ammonia; TDLAS; concentration; online test; livestock poultry houses



