
Ðèñ. 1: Óñëîâèå çàäà÷è
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Ðàñ÷åò ïàðàìåòðîâ â êàæäîé òî÷êå öèêëà1:

Òî÷êà 1: {
P1 = 22.5ÌÏà

T1 = 550oC
→

{
S1 = 6.258êÄæ

êã·Ê
h1 = 3368êÄæ

êã

Òî÷êà a: {
Sa = S1 = 6.258êÄæ

êã·Ê
Pa = Pï = 7ÌÏà

→

{
ha = 3034êÄæ

êã

ta = 355.7oC

Òî÷êà ag:

hag = h1 − η×ÂÄoi (h1 − ha) = 3368− 0.93(3368− 3034) = 3057.38êÄæ
êã{

hag = 3057.38êÄæ
êã

Pag = Pï = 7ÌÏà
→

{
Sag = 6.295êÄæ

êã·Ê
tag = 363.5oC

Òî÷êà b: {
Pb = Pï = 7ÌÏà

tb = tï = 540oC
→

{
hb = 3508êÄæ

êã

Sb = 6.921êÄæ
êã·Ê

Òî÷êà 2: {
P2 = 3.6êÏà

S2 = Sb = 6.921êÄæ
êã·Ê

→


h2 = 2073êÄæ

êã

t2 = 27.150C

x2 = 80.4%

Òî÷êà 2′:{
P2′ = P2 = 3.6êÏà

t2′ = t2 = 27.15oC
→

{
S2′ = S′(P2′) = 0.3973êÄæ

êã·Ê
h2′ = h′(P2′) = 113.8êÄæ

êã

Òî÷êà 2g:

h2g = hb − η×ÍÄoi (hb − h2) = 3508− 0.92(3508− 2073) = 2187.8êÄæ
êã

h2g = 2187.8êÄæ
êã

P2g = P2 = 3.6êÏà

t2g = t2 = 27.15oC

→

{
S2g = 7.304êÄæ

êã·Ê
x2g = 85.12%

1Âñå ïàðàìåòðû ïîëó÷åíû ñ ïîìîùüþ ïðîãðàììû WaterSteamPro. Àíàëîãè÷íûå äàí-

íûå ìîæíî íàéòè è â îòêðûòûõ èñòî÷íèêàõ, òàêèõ êàê ïðîãðàììà REFPROP îò NIST,

ëèáî èç ñïðàâî÷íèêà Ðèâêèíà Ñ.Ë. �Òåðìîäèíàìè÷åñêèå ñâîéñòâà âîäû è âîäÿíîãî ïàðà�
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Òî÷êà 6: {
P6 = P1 = 22.5ÌÏà

t6 = tïèò.â = 210oC
→

{
h6 = 905.6êÄæ

êã

S6 = 2.392êÄæ
êã·Ê

Òî÷êà 10′ :{
S10′ = S6 = 2.392êÄæ

êã·Ê
S10′ ⇔ S′(t1o′ )

→


t10′ = 206.5oC

P10′ = 1.778ÌÏà

h10′ = 881.8êÄæ
êã

Òî÷êà 5 :

t5 = t10′ −4t1 = 206.5− 3 = 203.5oC{
t5 = 203.5oC

S5 = S′(t5) = 2.364êÄæ
êã·Ê

→

{
h5 = 868.2êÄæ

êã

P5 = 1.672ÌÏà

Òî÷êà 4:

4S1 = 4S2

S4 − S3 = S5 − S4

S3 = S2′

S4 = S5+S2′
2 = 2.364+0.3973

2 = 1.3807êÄæ
êã·Ê{

S4 = 1.3807êÄæ
êã·Ê

P4 = P5 = 1.672ÌÏà
→

{
t4 = 106.7oC

h4 = 448.5êÄæ
êã

Òî÷êà 3: {
S3 = S2′ = 0.3973êÄæ

êã·Ê
P3 = P4 = 1.672ÌÏà

→

{
h3 = 115.5êÄæ

êã

t3 = 27.18oC

Òî÷êà 3g:

h3g = h2′ +
h3−h2′
ηíoi

= 113.8 + 115.5−113.8
0.89 = 115.71êÄæ

êã{
h3g = 115.71êÄæ

êã

P3g = P4 = 1.672ÌÏà
→

{
S3g = 0.398êÄæ

êã·Ê
t3g = 27.23oC

Òî÷êà 20′ :

t20′ = t4 +4t2 = 106.7 + 4 = 110.7oC
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{
t20′ = 110.7oC

S20′ = S′(t20′ ) = 1.426êÄæ
êã·Ê

→

{
h20′ = 464.3êÄæ

êã

P20′ = 0.1468ÌÏà

Òî÷êà 20:{
P20 = P20′ = 0.1468ÌÏà

S20 = Sb = 6.921êÄæ
êã·Ê

→


h20 = 2573êÄæ

êã

t20 = 110.7oC

x20 = 94.67%

Òî÷êà 20g:

h20g = hb − η×ÍÄoi (hb − h20) = 3508− 0.92(3508− 2573) = 2647.8êÄæ
êã{

h20g = 2647.8êÄæ
êã

P20g = P20 = 0.1468ÌÏà
→


S20g = 7.115êÄæ

êã·Ê
t20g = 110.7oC

x20g = 98.01%

Òî÷êà 10:{
P10 = P10′ = 1.778ÌÏà

S10 = Sb = 6.921êÄæ
êã·Ê

→

{
h10 = 3083êÄæ

êã

t10 = 323.2oC

Òî÷êà 10g:

h10g = hb − η×ÍÄoi (hb − h10) = 3508− 0.92(3508− 3083) = 3117êÄæ
êã{

h10g = 3117êÄæ
êã

P10g = P10 = 1.778ÌÏà
→

{
S10g = 6.977êÄæ

êã·Ê
t10g = 338.6oC

Íàõîäèì äîëè îòáîðà â ðåãåíåðàòèâíûõ ïîäîãðåâàòåëÿõ èç óðàâíåíèé áà-

ëàíñà.

Äëÿ 1-ãî ïîäîãðåâàòåëÿ:

α1h10 + h4 = α1h10′ + h5

α1 = h5−h4

h10−h1
0′

= 868.2−448.5
3083−881.8 = 0.19067

Äëÿ 2-ãî ïîäîãðåâàòåëÿ:

α2h20 + (1− α1)h3 = α2h20′ + (1− α1)h4

α2 = (1−α1)(h4−h3)
h20
−h2

0′
= (1−0.19067)(448.5−115.5)

2573−464.3 = 0.12781
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Îïðåäåëèì òåðìè÷åñêèé êïä:

ηt =
lòòåîð − líòåîð

q1òåîð
;

lòòåîð = (h1 − ha) + (hb − h2)− α1(h10 − h2)− α2(h20 − h2) =

= (3368−3034)+(3508−2073)−0.19067(3083−2073)−0.12781(2573−2073) =

= 334 + 1435− 192.6− 63.9 = 1512.5
êÄæ

êã

líòåîð = (1− α1)(h3 − h2′) + (h6 − h10′ ) =

= (1− 0.19067)(115.5− 113.8) + (905.6− 881.8) = 1.4 + 23.8 = 25.2
êÄæ

êã

q1òåîð = (hb − ha) + (h1 − h6) =

= (3508− 3034) + (3368− 905.6) = 2936.4
êÄæ

êã

ηt =
1512.5− 25.2

2936.4
= 0.5065

Îïðåäåëèì äåéñòâèòåëüíûå äîëè îòáîðîâ:

Äëÿ 1-ãî ïîäîãðåâàòåëÿ:

α1gh10g + h4 = α1gh10′ + h5

α1g =
h5−h4

h10g
−h1

0′
= 868.2−448.5

3117−881.8 = 0.18777

Äëÿ 2-ãî ïîäîãðåâàòåëÿ:

α2gh20g + (1− α1g)h3 = α2gh20′ + (1− α1g)h4

α2g =
(1−α1g)(h4−h3)

h20g−h2
0′

= (1−0.18777)(448.5−115.5)
2647.8−464.3 = 0.12387

Ñëåäîâàòåëüíî äåéñòâèòåëüíûé òåðìè÷åñêèé êïä:

ηtg =
lòg − líg
q1g

;

lòg = (h1 − hag ) + (hb − h2g )− α1g (h10g − h2g )− α2g (h20g − h2g ) =
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= (3368−3057.38)+(3508−2187.8)−0.18777(3117−2187.8)−0.12387(2647.8−2187.8) =

= 310.6 + 1320.2− 174.5− 57 = 1399.1
êÄæ

êã

Òî÷êà 6g:

h6g = h10′ +
h6−h1

0′
ηíoi

= 881.8 + 905.6−881.8
0.89 = 908.54êÄæ

êã{
h6g = 908.54êÄæ

êã

P6g = P1 = 22.5ÌÏà
→

{
S6g = 2.398êÄæ

êã·Ê
t6g = 210.7oC

líg = (1− α1g)(h3g − h2′) + (h6g − h10′ ) =

= (1− 0.18777)(115.71− 113.8) + (908.54− 881.8) = 1.55 + 26.74 = 28.3
êÄæ

êã

q1g = (hb − hag ) + (h1 − h6g ) =

= (3508− 3057.38) + (3368− 908.54) = 2910.1
êÄæ

êã

ηtg =
1399.1− 28.3

2910.1
= 0.471

Óäåëüíûé ðàñõîä ïàðà:

d =
3600

(lòg − líg)ηìηý
=

3600

(1399.1− 28.3)0.95 · 0.96
= 2.8796

êã ïàðà

êÂò · ÷àñ

Êïä Áðóòòî:

ηÁÐ = ηtgηêηìηÏÏηý = 0.471 · 0.91 · 0.95 · 0.94 · 0.96 = 0.3674

Óäåëüíûé ðàñõîä óñëîâíîãî òåïëèâà:

b =
3600

Qí
ð ó.òηÁÐ

Qí
ð ó.ò = 29.3ÌÄæ

êã
- íèçøàÿ ðàáî÷àÿ òåïëîòà ñãîðàíèÿ óñëîâíîãî òîïëèâà.

b =
3600

0.3674 · 29.3 · 103
= 0.3344

êã òîïë.

êÂò · ÷àñ
Ñðåäíåèíòåãðàëüíàÿ òåìïåðàòóðà ïîäâîäà òåïëîòû â öèêëå:

T1ñð =
q1g

Sb − S6g

=
2910.1

6.921− 2.398
= 643.4Ê
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Òàáëèöà 1: Òàáëèöà òåðìîäèíàìè÷åñêèõ ïàðàìåòðîâ öèêëà.

Òî÷êà T,o C P,ÌÏà S, êÄæ
êã·Ê h, êÄæ

êã

1 550.0 22.5 6.258 3368

a 355.7 7.0 6.258 3034

ag 363.5 7.0 6.295 3057

b 540.0 7.0 6.921 3508

2 27.2 0.0036 6.921 2073

2′ 27.2 0.0036 0.3973 113.8

2g 27.2 0.0036 7.304 2188

6 210.0 22.5 2.392 906

10′ 206.5 1.778 2.392 882

5 203.5 1.672 2.364 868

4 106.7 1.672 1.381 449

3 27.18 1.672 0.397 115.5

3g 27.23 1.672 0.398 115.71

20′ 110.7 0.1468 1.426 464.3

20 110.7 0.1468 6.921 2573

20g 110.7 0.1468 7.115 2647.8

10 323.2 1.778 6.921 3083

10g 338.6 1.778 6.977 3117

6g 210.7 22.5 2.398 908.54
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Ðèñ. 2: Òåðìîäèíàìè÷åñêèé öèêë â êîîðäèíàòàõ T-S ñ óêàçàíèåì òî÷åê.
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