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Regenerative gas turbine

The turbine exhaust normally well above the ambient — <——{i\\i

temp, though the exhaust gas has a potential for use
(exergy). One way of utilizing this potential is by mean
of heat exchanger called regenerator which allows
the air exiting the compressor to be preheated

before entering the combustor.

- The regenerator shown is counter flow
H\E. Ideally no frictional pressure drop
occurs in either streams. r
- The turbine exhaust gas is cooled from /
state 4 to state y, while the air exiting /
the compressor is heated from state 2 to state x. A

Hence, the combustor is required only [
to increase the air temp from state x to state 3
rather than from state 2 to state 3.




Regenerative gas turbine

The heat added per unit mass flow is then:

qadd = h3 o hx

The net work developed per unit mass flow is not altered by the addition

of a regenerator. Thus, since the heat added is reduced, the thermal
efficiency increases.

- From the relation (g,44 = h; — h,) it can be ) f,f
concluded that the external heat transfer pd
required by a gas turbine power plant /
decreases as the specific enthalpy h, Increase, ,;;-f—/i——————;,:i——
and thus as the temp T, increases. [” :




Regenerative gas turbine

- we can conclude from figure that the max
theoretical value for the temp T, is the turbine
exhaust temp T,.

- Regenerator effectiveness is defined as the ratio

of the actual enthalpy increase of the air flowing /
through the compressor side of the regenerator T / /

L1y

to the max theoretical enthalpy increase, thatis: ™® /

hy—h /

Ereq = Teq
reg hy—h, T2

as heat transfer approaches reversibility, -
h, approaches h, and ¢, tends to unity (100%). A

> —

In practice, €., values typically range from 60 — 80%. To increase this
range, we have to increase the H\E surface area, but it causes high cost
and results in significant frictional pressure drop for flow through the
generator.



example

1. Air enters the compressor of an ideal air — standard cycle @ 100
3
kPa, 300 K with a volumetric flow rate of SmT. The compressor

pressure ratio is 10. The turbine Intel temp is 1400 K. A regenerator
IS Incorporated in the cycle. Determine the thermal efficiency of the
cycle for a regenerator effectiveness of 80%.

Sol.

a. State 1@ 300 K 3

From air tables at 300 K, 4

h, = 300.19 kJ/kg, Pr, = 1.386 /

State 2@ P = 1 Mpa 7

For isentropic compression: /

P,=P, (%) = p,, = 1.386 * 10
1 I
P.,=13.86 [ #

By interpolation, h, = 579.86 kJ/kg




example

State 3 @ 1400 K
h; = 1515.42 kJ/kg, Pry = 450.5

State 4 @ 1 bar

=% = pry ~* = 0.1*450.5 = 45.05

3
By interpolation:

h, = 808.5 kJ/kg

to find the specific enthalpy h,:
_hy-hy hy - 579.86
= 0.8 =

8 p—
9 h,-h, 808.5 - 579.86

Then the thermal efficiency is:

AT

P

= hy =762.77 Yk,

nth — Wnet — (h3 'h4) _( h2 'hl) — 0568 — 568%

- Qadd h3 - hx




GaS propertles 756  Tables in SI Units

o

a

;.: TABLE A-22 Ideal Gas Properties of Air

% T(K), h and u(kJ/kg), s° (kl/kg - K)

& when As = 0' when As = 0
T h u & D v, T h u & A U,
200 199.97 142,56 1.29559 03363 1707, 450 451.80 32262 211161 57715 2236
210 209.97 149.69  1.34444 03987 1512, 460 462.02 32997 213407 6245 2114
220 219.97 156.82  1.39105 04690 1346, 470 472.24 337.32 215604 6742 200.1
230 230.02 164.00 143557 0.5477  1205. 480 482.49 34470 217760 7.268  189.5
240 240.02 171.13 147824 0.6355 1084, 490 49274 352.08 2.19876 7824 1797
250 250.05 178.28 151917 0.7329 979. 500 503.02 35949 221952 8411 170.6
260 260.09 18545 1.55848 0.8405 887.8 510 513.32 366.92 223993 9.031 162.1
270 270.11 192,60 1.59634 0.9590 808.0 520 523.63 37436  2.25997 9.684 154.1
280 280.13 199.75 1.63279 1.0889 738.0 530 533.98 381.84 227967 1037 146.7
285 285.14 203.33  1.65055 1.1584 706.1 540 544.35 389.34 229906 11.10 139.7
290 290.16 20691 1.66802 1.2311 676.1 550 554.74 39686 231809 11.86 1331
295 295.17 21049 1.68515 1.3068 647.9 560 565.17 40442 233685 12.66 127.0
300 300.19 214.07 1.70203 1.3860 621.2 570 575.59 41197 2.35531 13.50 121.2

305 30522 217.67 1.71865 14686  596.0 580  586.04 41955 237348 14.38 115.7
310 31024 221.25 1.73498 1.5546 5723 590 59652 42715 239140 1531 110.6

315 31527 22485 175106 1.6442 5498 600  607.02 43478 240902 1628 1058
320 32029 22842 1.76690 17375  528.6 610  617.53 44242 242644 1730 101.2

325 32531 232.02 1.78249 18345 5084 620 62807  450.09 244356 18.36 96.92
330 33034 23561 1.79783 1.9352 4894 630  638.63 45778 246048 19.84 92.84
340 34042 24282 1.82790 2.149 454.1 640  649.22 46550 247716 20.64 88.99

350 35049  250.02 1.85708 2379 4222 650  659.84 47325 249364 21.86 85.34
360 360.58  257.24 1.88543 2.626 3934 660 67047  481.01 250985 2313 81.89
370  370.67 264.46 191313 2.892 367.2 670  681.14 48881 2.52589 24.46 78.61
380 38077  271.69 194001 3.176 3434 680  691.82  496.62 2.54175 2585 75.50
390 39088 27893 1.96633 3481 3215 690 70252 50445 255731 27.29 72.56

400 40098  286.16 1.99194 3.806 301.6 700  713.27 51233 257277 28.80 69.76
410 41112 29343 201699 4.153 2833 710 724.04 52023 2.58810 3038 67.07
420 421.26 300,69 2.04142 4.522 266.6 720 73482 52814 2.60319 3202 64.53
430 43143 30799 2.06533 4.915 2511 730 74562 536.07 2.61803 3372 62.13
440  441.61 31530 2.08870 5.332 236.8 740 75644 54402 263280 35.50 59.82

1. p, and v, data for use with Eqs. 6.43 and 6.44, respectively.
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Gas properties S——"

N
a
TABLE A-22 (Continued) -
T(K), h and u(kl/kg), s° (kV/kg - K) i;
when As = 0' when As = 0 &
4 h u 57 D v, T h u s° P: v,
750 76729 551.99 2.64737 37.35 57.63 1300 139597 102282 3.27345 330.9 11.275
760  778.18 560.01 266176 | 39.27 55.54 1320 141976 1040.88 3.29160 | 3525 10.747
770 789.11 568.07 2.67595 41.31 53.39 1340 1443.60 1058.94 3.30959 3753 10.247
780  800.03  576.12 2.69013 | 4335 51.64 1360 1467.49 1077.10 3.32724 399.1 9.780
790 810.99 58421 270400 | 45.55 49.86 1380 1491.44 109526 3.34474 424.2 9.337
800 821.95 59230 271787 47.75 48.08 1400 151542 111352 3.36200 450.5 8919
820 84398 608.59 274504 52.59 44.84 1420 153944  1131.77 3.37901 478.0 8.526
840 866.08 62495 277170 57.60 41.85 1440 1563.51 1150.13 3.39586 506.9 8.153
860 88827 64140 279783 | 63.09 39.12 1460 1587.63 116849 3.41247 537.1 7.801
880 910.56 65795 282344 68.98 36.61 1480 1611.79 1186.95 3.42892 568.8 7468
900 93293 674.58 2.84856 | 75.29 34.31 1500 163597 120541 3.44516 | 601.9 7152
920 95538 691.28 2.87324 82.05 3218 1520 1660.23 1223.87 3.46120 [ 636.5 6.854
940 97792  708.08 289748 | 89.28 30.22 1540 1684.51 124243 347712 | 6728 6.569
960 100055 72502 292128 | 97.00 2840 1560 1708.82 126099 3.49276 | 710.5 6.301
980 1023.25 74198 2.94468 | 105.2 2673 1580 1733.17 1279.65 3.50829 750.0 6.046
1000 1046.04 75894 296770 | 114.0 2517 1600 1757.57 129830 3.52364 791.2 5.804
1020 1068.89 776.10 299034 | 1234 2372 1620 1782.00 1316.96 3.53879 834.1 5.574
1040 1091.85 793.36  3.01260 | 133.3 2239 1640 180646 133572 3.55381 878.9 5355
1060 111486  810.62 3.03449 | 1439 21.14 1660 1830.96 135448 3.56867 925.6 5.147
1080 1137.89 827.88  3.05608 | 155.2 19.98 1680 185550 1373.24 3.58335 | 974.2 4.949
1100 1161.07 84533 3.07732 | 167.1 18896 | 1700 1880.1 13927  3.5979 1025 4.761
1120 118428 86279 3.09825 | 179.7 17.886 | 1750 1941.6 14398  3.6336 | 1161 4328
1140  1207.57 880.35 3.11883 | 193.1 16946 | 1800 20033 1487.2  3.6684 1310 3.944
1160 123092  897.91 3.13916 | 207.2 16.064 | 1850 20653 15349 37023 | 1475 3.601
1180 125434 915.57 3.15916 | 222.2 15.241 1900 2127.4 1582.6 3.7354 1655 3.295
1200 1277.79 93333 3.17888 | 238.0 14470 | 1950 2189.7 1630.6 3.7677 1852 3.022
1220 1301.31 951.09 3.19834 | 2547 13.747 | 2000 2252.1 16787 37994 2068 2776
1240 132493 968.95 3.21751 | 2723 13.069 | 2050 2314.6 1726.8 3.8303 2303 2.555
1260 134855  986.90 3.23638 | 290.8 12435 | 2100 23774 17753 38605 | 2559 2356
1280 137224 100476 3.25510 | 3104 11.835 | 2150 24403 18238 3.8901 2837 2175
2200 2503.2 1872.4 3.9191 3138 2.012
2250 25664 19213  3.9474 3464 1.864
Source: Tables A-22 are based on J. H. Keenan and J. Kaye, Gas Tables, Wiley, New York, 1945,
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