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A Study on the LRE Thrust Chamber Regenerative
Cooling Design

Ji-hoon Kim* - Hee-ho Park* - Yoo Kim* - Soo-kwon Hwang**

ABSTRACT

A calculation procedure for designing LRE regenerative cooling system is introduced. In LRE
thrust chamber, heat is transfered from the hot gas to the wall by convection and radiation, then
conduction through the wall and finally convection to the liquid coolant. A cooling channel is
designed on the basis of heat transfer rate calculated by using criterial method and integral
method. The result is compared with existing Russian cooling channel design code. Also a design
logic and quantitative effect of various parameters were introduced to help better understanding

for those who is not familiar to LRE system.
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Fig. 1 Temperature gradients in cooled rocket
thrust chamber. Given temperature values are
typical.
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Table 1 Design conditions of LRE

Design Conditions

Thrust 250 kef
Chamber pressure 300 psi
fuel kerosene
oxygen liquid oxygen
coolant water
ropellant -
maIs)s gow rate mE = 0.70 kg/ $
mixture ratio K, = 2.38

fuel mass flow rate my = 0.2068 kg/s
m, = 0.4932 kg/s
0.803 g/ cm’

0, = 1.135 g/cm®

AP = 10 kgff cm?

oxydizer mass flow rate

fuel density o=

oxygen density

pressure drop across the
injector
inner diameter of
combustion chamber

D, = 10mm
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Fig. 2 Flow chart of cooling system design
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Table 2 Temperature data varying with coolant mass flow rate (Coolant inlet number is

one.)
Given data
6wch 8um chh Awn
1.5 mm 1.5 mm 20 W/m K 20 W/m K
Temperature data ( it K ) .
Condition : T, ; < Tgy
T T w, & T w, ! Tl Tsat O/X
kg/s |chamber | nozzle |chamber | nozzle |{chamber I nozzle |chamber | nozzle
1 777 1272 498 562 303 504 498 X
2 720 1209 435 462 304 495 473 o
2.5 707 1194 420 439 304 487 443 A
7t ZoBE v ¥ W E nEdiof ok Bt
2 HZIH| Rl7t7t & JHel AR 3) =& MES HeNzZ ER
W4T ALAT =F PES 4E 79 Ae e dadR =
Ess AFAE 1S mm, AL secld A A i w3 FHEE A,
&39S o W4A FFE Wssq 228 A ol HEFTOZ HYL W, YAEES
b3t o # F B -
bt ]-@—;'}]7]' T:ble.};“*}‘ %:}F/h: 7}?(]}‘ uz mH T, = °F 499 Kelth. T, 7} ®o
E  A}8o] ZVEstdE s =73
T S T T U A% 2% AN Fig 7 £ERE 2z
2 o Ali=o TEALE =
Tw,g Tu;,l T X }'X% %‘Z]'oo ] (<] o% = ng]. E,LO:I’B‘]—H] Z:.Lﬁ‘_f'f]‘f‘ 736&:—% L]-E]—LH%{

Table 3 Temperature data varying with cooclant mass flow rate (Coolant inlet number

are two.)
Given data
é\wch ) 8wn /.lwch Awn
1.5 mm 1.5 mm 20 W/m K 20 W/m K
Temperature data ( unit : K )
Condition : 77, ; < Ty
T
G T .. T T, Tout o/X
w
chamber | nozzle |chamber | nozzle |chamber | nozzle |chamber | nozzle
2 2.5 699 1227 411 476 290 489 506 O
3 3 695 1165 405 401 290 475 505 (6]

-
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