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A Study on the Temperature Effectiveness of the Rotary Type
Regenerative Heat Exchanger

& X w*
Kwang Soo Kim

ABSTRACT

This paper treats the temperature effectiveness of the two-fluid counterflow regenerator
in a rotary type.

To avoid continual interpolation and to obtain the simple result in calculating that, it
obtained the particular solution for the direct-transfer-type counterflow heat exchanger by the
graphical procedures.

Also, it introduced the empirical formula for the influence of the ratio of rotor matrix
to minimum working fluid heat capacity rate with the particular solution induced.

Particularly, substituting the published results of temperature effectiveness into the program,
it obtained the simple and convenient equation which can applicate in the counterflow regener-
ator in a rotary type.

To compare and discuss the results induced, selecting the regenerative air preheater and
applying the their running datum and specifications to the related results, it shows that the
above results are agree with the published results within absolute relative error, 3.0%.
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Table 1. The comparison of the results versus temperature effectiveness by F. D.M and Eq. (21)
description result obtained by F.D.M”
i/ value‘
O"‘ax 1.00 (.95 0.90 (.85 obtained
N by Eq.2"
NTU, ™2 | 30| 50 |>100 3.0 | 5.0 {=100] 3.0 | 50 (>100] 3.0 | 5.0 [>100
2.0 0.659] 0.664|0.666] 0.669 | 0.675] 0.677|0.680 | 0.686! 0. 688 | 0.691|0.697| 0.699| 0.676
2.5 0.705] 0. 71110.713|0.717 | 0. 723 0.726]0. 729 0.736{ 0. 7391 0. 741 0.748| 0.751| 0.725
3.0 0. 740 0.74610.74910.753 | 0. 7601 0. 7631 0. 766 | 0.774] 0. 7771 0.779(0.787| 0. 790| 0. 762
3.5 0.767{ 0.77410. 777!0.781 0.789]0.792]0.795| 0.803| 0.806 | 0.809}0.817} 0.820| 0. 791
4.0 0.789| 0.7910. 799;0.804 0.811]0.815/0.819|0.826] 0.8300.83310.841} 0.844| 0.814
4.5 0.807] 0.81410. 817i0.822 0.830(0.83310.838(0.846(0.849|0.852(0.860 | 0.864| 0.833
5.0 0. 822! 0.82910.83210.838 | 0.846 | 0.849|0.853 | 0.862( 0.865| 0. 868} 0.877 | 0.880] 0.843
5.5 0,834f10. 84210. 845i0.851 0.85910.86210.867 | 0.875;0.87910.88110.890 | 0.894} 0.862
6.0 0. 845} 0.853(0.856(0.862 | 0.870 1 0.87410.878 | 0.887| 0. 890 {0.893]0.901 | 0.905] 0.873
6.5 0. 855;0. 86210.865|0.872|0.880|0.88410.888 | 0.896}0.900 {0.903,0.911 | 0.915] 0.883 |
7.0 (.863; 0.870{0.874|0.881 1 0.889|0.892(0.897 1 0.905|0.909 {0.91110.919 0.923] 0.892
S ] 3.3 REDE () W RPH EMEE
09 — (RPH)
ojul ordoll e E#sk Hen), A(1%a)st @
wer 2 B MLHE PR ARBRMB HA
I 7 ol & #He o]E WH #Eel ik
07k o Y Table1 ] #RE 27} H&stuz ek
: Gone TL?:&:%%- lEN EA, FE, T KHBEF
S e R s
OVERALL NUMBER OF HEAT TRANSFER UNITS (NTU,) FRMBES Bested 94 #x 5 BB
. of o 3+ HEMEE Table 2ol FeERH AT
Fig. 6 The comparison of temperature

effectiveness veresis NTU,
Qs >50
(Qm_“_ .0)

‘L Z‘]'/‘]' I’I'E‘}‘IX/%E}

53] Flg.ﬁ—:

ol

ol 2 HE Kene

ERx ot

#HH

509w, A @
mm
Table 18] e#RE %"‘—01] mal Erst

R

TEE iﬁﬁ&iﬁ )
ol o EH BEHE

0.85~1.0 -2 > 39, N7U,,_.20~70 A
™
0.5~200)t}

3 Table 224 cEEL A3 #F #
BIEE Table 3o Firargrt

o2 RE Table 19 #EE
eoll i3 BERES RNA
o A 0.023

ol Wi BH HHEHX=
2 YERg

o}2a Table 29 32 BERHMBZEEH,
RPH #{t7} col vais IS 49 R7]
S1al kool 23 #HEE Table 49} Fig. 7
of zZtzb Jepi it

Table 4 238 H&Eel € =24 EH#Eslrl #

Ko7 Iof,
0.002, R@

0.3%, 3.0% LK



e

=

RAN-ARTE HE L1H #£1 5% (1989)/7

Table 2. The specification and data of the air preheater
air preheater Y.S. #1 S.H. #1 P.T. #1
description , tT o T
height (m) 2.360 1.575 1.850
. diameter (m) 7.300 7.814 9 490
rotor matrx
speed (RPH) 90.0 88.2 78.0
mass (k) 75,000 79,260 162,234
) flow rate (kg/hd 730,600 865, 863 1,169,800
hot flud - - B
) inlet temp. (°C) 385 393 343
(gas side) O
outlet temp. (°C) 134 164 148
) flow rate (kg/h) 675,590 845, 320 1,157,100
cold fluid - -
o inlet temp. (°C) 65 61 72
(air side) - - :
outlet temp. (°C) 330 328 301
heat transfer area (m?) 46,400 44,280 82, 720
air leakage ratio (%> 6.5 8.0 7.7
Table 3. The calculated value of the air preheater
Jeseript” Qi O NQwin | & | g+ | N7TU. | NTU, £
;ﬁ; heate (W/CH(W/C) | Qmaz | Qmin Eq.20)! Eq.(2D|result(7
Y S . #1 (178554 942,188 | 0. 95 h 28 | 0.85 4.53 45 | 0.720 | 0.721 0.718
S.H#1 219,828 975,790 | 0. 86 4,44 | 0.80 3.57 1.98 | 0.691 | 0.674 | 0.689
P. T.#1 |301.889 |1,766.3231 0.85 58 | 0.84 4.93 2.68 | 0.764 | 0.740 | 0.763
Table 4 The temperalure eflectiveness versus notor speed in the air preheater
~——_RPH
description 30 40 50 60 70 80 90 100 110 120 130
air preheater
Q(W/C)H|314,063 | 418 750 523.438| 628.125| 732.813| &7.500{ 942,188 |1.046.875|1.151.563{1.256.25} 1, 360,938
Y. SHHQ,/ Qmen | 1. 6 23 (293 3.52 4.10 169 5.28 5.86 6. 45 7.04 7.62
i [ 0.69% | 0707 | 0. 713 0716 | 0.717 } 0.719 | 0.719 0.720 | 0.721 | 0.721 | 0.721
EQ.-(W/“C) 331,901 | 442, 535] 553.169] 663.803] 774.436] 885,070 995.704 {1.106.3381.216.971{1.327605]1.433.239
IS. H#11Q,/ Qmm | 1. 51 2.01 252 3.02 3.52 4.03 4.53 5.03 5.54 6.04 6.54
€ 0.660 | 0.675 | 0. 682 0. 686 0.688 § 0.690 0.691 0.692 | 0.692 | 0.693 | 0.693
Q.(W/C)|679, 355 | 905, 80711.132.2581.358,71011,585.16111.81 1.613[2.038.065 {2.264.516]2,490.968{2.717420(2.943.871
P.T.#11Q,/ Qmin | 2. 25 300 {375 4.50 525 6.00 6.75 7.50 825 9.00 9.75
3 0.750 | 0.757 | 0. 761 0.763 { 0.764 | 0.765 | 0.765 0.766 { 0.766 | 0.766 | 0.766
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