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Abstract: Based on the condition of equipment and technical level of medium and small scale nitrogen

fertilizer plants, increasing the net value of ammonia was considered as the goal of optimization study. The

whole optimal problem was decomposed. Then the generalized predictive control (GPC) of the temperature

of ammonia reactor hot spot for the stability of online-optimization adjustment, and boundary control for

the single-direction factors were realized. Adaptive on-line optimization of operation conditions was

successfully accomplished. The operation performance of ammonia reactor was improved, the net value of

ammonia was increased by 0. 4%, and system pressure dropped by 1. 2 MPa.
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Table 1 Parameters of predictive controller of hot-spot temperature
Controller Self/p?im Sample time Incr.errAxem Predictive Control Weight Gentle  Stair ()ul;?ul

/C /s limit step length step length factor  factor ratio
1 472.5 15 1.2 30 6 1 0.98 0.8 3.5
2 457.5 15 0.5 30 6 1 0.98 0.8 2.5
3 462.5 15 0.2 30 6 1 0.98 0.8 3
4 465. 5 15 0.2 30 6 1 0.98 0.8 10
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Table 2 Result for boundary control

Period® Con, /% T®/C Cu, /% Ts/C Ts/C T/ C T3/ C Cxn, /%
A average 14. 70 —1.50 63. 25 1473. 99 1458.11 162. 21 166. 98 10. 17
std. @ 0. 31 1.22 0.73 0.58 0. 46 0. 85 1. 16 0.13
B average 12. 39 —4.10 63. 29 1473. 06 158.25 162.59 166. 77 10. 44
std. 0.17 0.48 0. 74 0. 83 0. 60 1.1 1. 45 0.11

@ Period A—period of ordinary operation; Period B—period of boundary operation.

@ std. —standard deviation.
@ Tn—temperature of ammonia cooler.



55 4 3]

Wz T 5% H/NRIEA R LT RG AR AL © 967 -

I N AL FEE & iy 9 RGE R R UK 4 B
7 o BETUFEUM AL B ) 000 R0 R AU &R
G B, IR L . AT A B
PRERE L Ok . IR ERE S B B R
BRI AL BLAG (R, SR BGE >4 1 Ak 21 5
% REEHER AL AL A S E BEAT

performance o
4>| system .
index

——| model identification ‘

U calculation of
new work point

4 EL 3 N A 2 A AT [

Fig. 4 Structure diagram of adaptive-optimization
2.3.1 HBALMBEIR KT EAELIRML
IR, PRk BB RIS TE 06 2 . (1) REFE PN
BOR ARG B LA B8RS B2 40L& 92 Broad 72 1
PEs (2) XSHECHEME, DI fEL PR ER,
Hammerstein B8 {5 47 BB 6% i 2 X — 2K, I —
JiTE s TEIEEBRAE R B R, b T RIS
JEFL R T R ik, TAF R SR TE R LA
B As 8l — 20, e —E BN, B2 A
B, R A R B 7 ik, BAP IR R TAE B 1k
AN ARG . TR AR, SEks BRI RISR ]
MRk, BRI A R RN F 25 18 28 X
Wi, BERIZERg T

P
Alg Dy = by + D B¢ Du,(k—d) (2)

Kb yGo AR A2 ARG H . d il FEn
IE ., BT PUR ) b Rk . IFFERLE
FIAMEFRI CCq ') RUGRUE AR I E5 2R 14 v afy A1 G
fiiso BRI RREMITME, Clqg ) BBk
ARER . MR DR, [ o O P A TR Y
N Ls RGBS P T A R O A AR

(k) +ay(k—1) = by + > bu, (k—d) +
i=1

e(k) +ce(k— 1) (3)
2.3.2 mHEIMEERKGE BEINOIEA
R RURIREEEE T, Gl 2 UM B, ik
ACERE H bR BT . O 7R B E R B R AL AR AR
M Taylor JEFF AT A1, #6 B J7 (] & A s B 3 Jm 36
R ET ., SEmE&EE. FFR 3 frk
N B TR AL B AR, BE A Rk

dy _ b;
Ju; 1+a

A SHERAL K, 30 w(k) kB2 T AR
MOBRCEBFZIATTE 4 h PR EARE . o (o) R
ke B Z0 08 TAE R, SRS BE LR AT R R
o7 il 2

i=1,2,3,4,5 D

W ) = u(k) + o2 )
Ju

HRAE AT e, T AR B ALSE B — kA 1k
FRWARNT .

Step 1 WG4k 5 1 TAE 28 S 8L S A 2
¥, I RAEIES B

Step 2 MNEHE SCHF v iz S i Hdis . O AT
EIN S IR R SRV E /TR

Step 3 FRRBIAL, MR B S ERAFAES
Boctrd s IFERRR S B B TR o

Step 4 B TAE M

u" (k) = ulk) +6" ¢

L w By wll) HUER . IHIMER, 0h
A4, « & Step 3 5 BB EE 5

Step 5 Ku BT TAE M 00, i 24 o) B e
U FAEAE N TAE S S 4G

Step 6 6=0.900" . # SR THF K& MW
fH. % Step 4, % W% Step 7;

Step 7 BT TAE S, ZERAWRMA.

TRE D0 Ak SE B ) o AR 3 A R . RAE R (]
BB S 2, BEIRBRAR DS, I T 5 p s
B, JFAAB SN T, TR R, A LIAR
PR E RS, BA BE N MR 5 —Jr
i, HER SRR IR AT, B — WA AS SR 4R
P TAEAS, HR R A Sk, T ikhg
pAL
2.3.3 BAEBKASKHE TEM TEERIZEH
BN S LG . T PR S b
SERMSE. BT LR MRS SRS
BHAE, WA R T, #EEF AL itk K o
PLRARAG R T,

RFEJEI T, 506 2 R AR B, /B RS
M LY, HE AR AR R RRE . R K5 ) 1 5 A
K EE . AR JEL G o R A R AL I B, W 3 P
R RAE S T, 1 min,

WS T A MR AR IR AR S RO AR, —
EHL 0. 95<2<<1., A B LLGEAHIE, HhE
o 5 7 A R IR R BT AR AR AL, BORBRER K



+ 968 - e T

F [

% 58 &

Hbo T TR P e — > 2 A S 0 R ]
B, B AR BRI, HRG M,
A BAREAR /N, 75 WO B R RB A B LR IE

PEACT I T, g2 55 k48 B C A R 8] B ) 1]
BT e B o 28 IR X S R R R A 2
8, BTGNP EeEREE, T, By—K, &
24 h,

ALK 0 B — B AL R T AR s W 86 B 5
MBS K., K o MRS T,
MBEHEF A AL, oK, SHHFHRSEURA L
TAER A AR 278 S Pt R B 3 22 45 e 5
ERERABRML TAEA, B R A BW I 5
—J7 . TR RS, 5% TAEMRNZEL
WA B, AW R BEAER . IF B
fEiF R AR K . BF LA 6 R RER /N
2.3.4 HABEBRYZE GREALETEREL
B, At T B A 5% e A0 gl B B A i T B R
G IS UL A5 A o A N UIE Aol B 2 £
A AR R ARG L . X B T R I R E R
HOLAHEATAEBE, BN g R . T b
PEHLRAE TS 15 s, B DL AL R AL T T,
(1 min) NI 4 A B 1 S48 1 S 25 il R AR 2
FEXT B B ARSI LA, SR R e s R
MR- ER BN (A0 4 by S BUE K TR
SE W BIE . SN YA TolE 5%, Bk
o, MR BRI RS TAE . SR — AR
LIE

MR R AR S ok — SR A R
O S ) T E AN 7 = R PN = 7 3 BION
(0 DA 5 S B A 7 0 a0 25 KR 46 .y G 4
2/ R g, Uit s a5 84 - e,
(D Y BB B, DCS w8 300

PREF ARG A s (2) 7E EAHLNBEE 22
1S A T 5o — s R PREF Lk e
B AL . AU RRE 23 A T E DCS; (3)
AR T A B E (AR 2 A B N HL S S P
0 O 22 B INE s R GE R AP Bk 5 3R R LA
FEE DCS; (b MR e Fik 4y DCS i %ot i i
A VIR . R GEHE A S UIBR -5 00 A il i e
Fo A RSO, fEFE e TR S, PR
BER AL AL RS E BEAT
3 HEBRRAM

MR L5 S B 4R AR LA P 20 3l 2 4F
Micia, CRPUE TR scr. Tt
Bk, BEHCT 20 d AT T HIKK. £ C. DH
AHHSFRBEAN (5% 8 d Ay, PE A RE 4 d 22 A
RL WD o S LR A R LR AL A, AR
FEHE A &5 RN 3 PR

M3l LU, e $is e, A E iR T}
0.44% . WG T RFMRCE.

4 WA

FIRELE P RE BRI R A s, G
JRE BB RO A DL . &EHE A B2 i BT
(ZILE 5) . [ I A R T AR R A 4 A
JE . PR T A LB T AT AR L A
MAEFEPE . I TR R 97 3L

ST TR A AR T S 1 A B R AE R
I AR IR ) B B A P4, et - B i O
T % 2" REAG RIE RS ERR 0.4%, &
Gk SRR 1.2 MPa DL b Wi HFE [ AR 40
kW« h, mEZHBEH FEFEAR 15 ke, S A H ™ i
Pe6 t. BRAFR N TR A s i 800 J1 T,

R3 EZRMAUBRERKERSH

Table 3 Result for on-line optimization

Period® Cen, /% Ty®/C  Cu, /% T/ C T/ C T,/ C T3/ C P, ®/MPa  Cau, /%
C average 14. 47 —2.98 62.09 472.73  457.55  463.62 167.53 23. 67 9. 80
std. @ 0.25 0. 46 0. 83 0.95 2.29 3.94 2.94 0.33 0.18
D average 14.52 —2.98 62.01 473.98  457.27  461.96 467. 04 23. 47 10. 24
std. 0.19 0.67 0. 65 0.75 0. 88 1.09 1.13 0.32 0.14

(@D Period C—period of ordinary operation; Period D—period of optimal operation.

@ std. —standard deviation.
@ Ty—temperature of ammonia cooler.

@ P,

synthesis pressure.
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